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PERISTALSIS  IN  HEALTH  AND  DISEASE  *t 

First  Caldwell  Lecture 

By  WALTER  C  ALVAREZ,  M.D. 

Assistant  Professor  of  Research  Medicine,  George  Williams  Hooper  Foundation  for  Medical  Research, 

University  of  CaHfornia  Aledical  School 

SAN    FRANCISCO,    CALIFORNIA 


IX/TR.  PRESIDENT,  Members  of  The 
■^^■^  American  Roentgen  Ray  Society: 
I  wish  first  to  thank  you  for  the  great  honor 
you  have  done  me  in  asking  me  to  give  the 
first  Caldwell  Lecture.  It  is  a  pleasure  to  join 
with  you  in  remembering  the  name  of  one 
of  the  martyrs  of  medicine — a  man  who 
gave  his  life  for  the  advancement  of  science. 
He  was  a  pioneer,  an  inventor,  a  research 
worker,  a  versatile,  enthusiastic  and  lovable 
man ;  and  we  are  all  losers  by  his  death.  We 
shall  honor  him  best  by  carrying  on  the  work 
which  he  loved  so  much,  and  which  meant 
everything  in  life  to  him.  I  believe  we  shall 
carry  it  on  most  rapidly  when  we  do  as  he 
did,  when  we  venture  out  into  "pure"  science 
— into  physics,  chemistry  and  engineering,  to 
improve  our  apparatus;  and  into  biology, 
physiology  and  bio-chemistry  to  explain  our 
findings  in  the  body.  How  much  more  rap- 
idly our  transformers  and  tubes  would  have 
been  improved  if  there  had  been  more  men 
like  Caldwell  at  work  in  the  field ;  and  how 
glad  we  should  be  to-day  that  some  manu- 
facturers have  at  last  seen  the  incalculable 
benefits  that  can  come  through  proper  co- 
operation with  a  physicist  like  Dr.  Coolidge ! 


Every  advance  in  technique  brings  its 
problems  of  interpretation.  I  shall  never  for- 
get my  delight  when,  in  191 2,  I  got  my  first 
radioscope  from  Vienna  and  saw  the  peris- 
taltic waves  coursing  over  the  stomach.  At 
first  it  seemed  as  if  all  my  desires  had  been 
fulfilled,  but  in  a  few  months  this  feeling  of 
satisfaction  gave  way  to  one  of  worry  over 
the  many  things  which  I  saw  but  could  not 
interpret.  I  went  East  and  told  my  troubles 
to  Cannon,  who  frankly  admitted  that  many 
of  our  pathologic  findings  are  not  explain- 
able on  the  basis  of  the  myenteric  reflex  or 
the  acid  control  of  the  pylorus.  He  gave  me 
room  in  the  laboratory  and  told  me  to  go  to 
work  on  these  problems  myself.  He  showed 
me  how  to  open  an  (anesthetized)  animal's 
abdomen  under  salt  solution  so  that  I  could 
watch  the  peristaltic  movements.  Two  or 
three  days  of  this  and  I  saw  that  the  prob- 
lems I  had  set  for  myself  were  too  big  and 
too  complicated.  I  was  like  a  man  who  would 
repair  a  wireless  telephone  without  first 
knowing  the  structure  and  inner  workings  of 
the  constituent  batteries,  induction  coils,  con- 
densers and  magnets.  It  was  clear  that  I  had 
to  begin  back  near  the  beginning,  on  prob- 


•Read  at  the  Twenty-first  Annual  Meeting  of  The  American  Roentgen   Ray  Society,  Minneapolis,  Minn.,   Sept.  14-17,   1920. 
t  This   lecture   will   be   published   complete  in  book   form   by   the  publisher  of  The  American  Journal  of  Roentgenology. 
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lems  which  to  an  onlooker  might  appear  to 
have  no  promise  of  practical  value.  The  in- 
testine is  a  tube  made  up  of  smooth  muscle 
and  it  seemed  to  me  that  if  I  could  learn 
more  about  the  properties  and  peculiarities 
of  that  tissue  I  would  come  near  to  solving 
some  of  the  riddles  of  peristalsis.  Hence  it 
is  that  for  the  last  seven  years  I  have  turned 
somewhat  aside  from  the  clinical  journals 
and  have  delved  into  the  literature  of  the 
experimental  zoologists,  the  physiologists 
and  the  comparative  anatomists.  I  have 
studied  smooth  muscle  in  organs  other  than 
the  bowel — in  the  bladder,  the  ureter,  the 
vas  deferens,  the  uterus,  the  arteries  and  the 
iris.  Many  helpful  suggestions  have  been 
gotten  from  studies  on  snails,  sea-cucum- 
bers, anemones,  jelly  fishes,  clams,  worms 
and  crayfishes.  I  have  found  the  medical  in- 
dexes almost  useless  in  this  w^ork,  because 
the  most  helpful  articles  are  often  concealed 
behind  the  most  uninviting  titles.  Thus,  who 
would  have  expected  to  find  an  explanation 
for  the  gastric  upsets  of  fevers  and  asthenic 
states  in  an  article  on  the  swimming  plates 
of  a  tiny  water  organism? — yet  there  I  be- 
lieve it  is.  The  author  is  Professor  Child,  a 
zoologist,  and  the  article  is  entitled,  "The 
Gradient  in  Susceptibility  to  Cyanides  in  the 
Meridional  Conducting  Path  of  the  Cteno- 
phore  Mnemiopsis."  ^ 

It  is  unfortunate  that  we  practicing  physi- 
cians must  often  miss  the  most  thought- 
stimulating  articles  because  they  are  buried 
awa)^  in  the  highly  technical  journals  which 
we  do  not  ordinarily  read.  Some  day  we  may 
have  a  better  abstracting  service,  but  in  the 
meantime  we  shall  probably  have  to  do 
occasionally  as  the  Israelites  did  when  they 
approached  the  Promised  Land;  we  shall 
have  to  send  out  spies  to  look  over  this  field 
which  we  ourselves  have  so  little  time  to  ex- 
plore, and  to  bring  back  some  of  the  fruits. 
When  asked  to  speak  before  you  to-day,  it 
seemed  to  me  that  the  best  service  I  could 
render  would  be  to  bring  to  you  some  of  the 
ideas  which  I,  a  practicing  physician  and 
radiographer,  have  gotten  during  my  so- 
journ among  the  physiologists. 


THE  AUTONOMY  OF  MANY  PARTS  OF 
THE   BODY 

The  first  of  these  ideas  is  that  the  forces 
zvhic/i  bring  about,  modify  and  control  peris- 
talsis must  be  looked  for  mainly  within  the 
zualls  of  the  gut  itself.  I  cannot  too  strongly 
emphasize  this  point,  because  it  seems  to  me 
that  the  failure  to  grasp  it  is  the  greatest 
stumbling  block  to  further  advance  in  the 
knowledge  of  our  subject.  Whenever  I  de- 
scribe some  of  the  regional  differences  in  be- 
havior which  can  easily  be  demonstrated  in 
the  excised  stomach  and  bowel,  someone  is 
almost  sure  to  say:  "Oh,  that  is  due  simply 
to  the  autonomic  and  the  sympathetic."  An- 
other settles  the  whole  problem  by  calling  it 
a  "Reflex."  When  I  point  out  that  the  pecu- 
liarities persist  in  little  pieces  of  muscle 
which  have  been  cut  out  and  kept  in  the  ice 
box  for  several  days,  these  individuals  still 
ascribe  everything  to  the  activities  of  the 
canny  little  ganglion  cells  in  Auerbach's 
plexus. 

Now,  the  most  paralyzing  thing  in  scien- 
tific work  is  a  facile  explanation  which  puts 
a  stop  to  further  curiosity  without  really  ad- 
vancing our  knowledge  of  the  subject;  and  I 
have  never  been  able  to  see  the  value  of 
pushing  the  explanation  for  a  mechanical 
phenomenon  out  of  the  organ  in  which  it 
might  be  studied,  and  into  a  tiny  ganglion 
where  we  can  hardly  follow  it.  It  seems  to 
me  that  many  even  of  the  teachers  of  physi- 
ology have  a  wrong  idea  of  the  nervous  sys- 
tem and  its  relation  to  the  viscera.  They  look 
at  it  somewhat  as  an  electrical  power  house 
which  not  only  supplies  the  motive  force  but 
controls  the  activities  of  the  various  trains 
running  over  a  railroad.  My  ana^T^sis  of  the 
literature  makes  me  feel  that  we  should  look 
at  it  more  as  a  telephone  switchboard  with 
wires  which  carry  nothing  but  messages  of 
warning  and  advice  from  one  engineer  to 
another.  The  trains  supply  their  own 
power;  and  the  differences  in  speed  and 
other  activities  are  due  to  peculiarities 
in  fuel,  differences  in  the  gradient  of  the 
road.  etc. 
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Anyone  who  will  study  the  behavior  of 
the  lower  forms  of  life  before  and  after  re- 
moval of  their  nervous  systems  will  see  that 
the  nerves  are  there  primarily  to  expedite 
conduction.  The  ganglionic  cells  are  nutri- 
tional centers  and  not  storehouses  of  wisdom 
and  power.  Some  of  the  most  complicated 
"reflexes"  are  performed  by  decerebrate  ani- 
mals or  by  excised  parts  of  these  animals. 
Loeb,  Parker  and  others  have  shown  clearly 
that  the  mechanisms  are  local  and  compara- 
tively simple. 

THE   MYOGENIC    NATURE  OF  THE  RHYTHMIC 
CONTRACTIONS 

Similarly,  in  the  gastro-intestinal  tract  we 
find  that  after  the  preliminary  shock  has 
worn  off,  digestion  goes  on  quite  normally 
after  complete  section  of  the  vagi  and  the 
splanchnics.  We  get  good  peristalsis  in  the 
stomach  and  intestine  that  have  been  re- 
moved from  the  body  and  either  perfused  or 
placed  in  oxygenated  Locke's  solution.  We 
get  active  peristalsis  in  small  segments  of 
gut  and  in  pieces  of  muscle  stripped  from 
the  wall.  It  is  clear  then  that  the  gastro-intes- 
tinal tract  is  autonomous;  it  carries  within 
itself  all  the  mechanisms  essential  to  peris- 
talsis. 

The  next  cpiestion  is,  what  part  is  played 
by  the  muscle  and  what  part  by  Auerbach's 
plexus?  Practically  all  writers  on  the  subject 
state  that  the  rhythmic  contractions  are  due 
to  stimuli  coming  from  the  ganglion  cells 
of  the  plexus.  They  base  this  opinion  on  the 
first  few  papers  by  Magnus,  who  found  that 
strips  of  circular  muscle  from  which  the 
plexus  had  been  removed  did  not  contract 
rhythmically.  Unfortunately  no  one  seems 
to  have  noticed  that  In  his  fifth  paper,^  Mag- 
nus admits  that  these  same  plexus-free  strips 
did  beat  when  he  added  a  little  physostigmin, 
strophanthin  or  barium  to  the  solution. 
Moreover,  no  one  notices  the  work  of  Gunn 
and  Underbill  ^  who  repeated  these  experi- 
ments, and  by  taking  greater  precautions  to 
avoid  trauma,  obtained  plexus-free  strips 
which  would  contract  rhvthmicallv  without 


the  help  of  tonic  drugs.  This  is  what  we 
should  expect,  because  it  has  been  well 
proven  in  many  ways  that  rhythmic  contrac- 
tion is  a  function  of  muscle  itself. 

It  is  clear  then  that  the  man  who  would 
understand  peristalsis  and  the  various  ac- 
tivities of  the  stomach  and  bowel  must  pay 
particular  attention  to  the  properties  and  re- 
actions of  the  gastro-intestinal  muscle.  Some 
may  ask:  what  then  is  Auerbach's  plexus 
good  for?  It  almost  undoubtedly  serves  for 
the  conduction  of  stimuli  and  the  coordina- 
tion of  movements ;  it  enables  the  muscle  to 
respond  properly  to  stimuli  coming  from  the 
underlying  mucous  membrane,  and  it  helps 
in  some  way  to  keep  that  muscle  from  con- 
tracting down  into  a  hard  knot.  Such  con- 
tractions are  well  known  to  biologists,  and 
somewhat  resemble  the  spastic  paralyses  of 
striated  muscles. 

THE   AUTONOMIC    AND   THE   SYMPATHETIC 

The  next  question  is:  what  is  the  signifi- 
cance of  the  vagus  and  sympathetic  nerves 
running  to  the  intestine?  The  average  clini- 
cal writer  to-day  states  that  the  autonomic 
(vagi  and  sacral  nerves)  stimulate,  and  the 
sympathetic  fibers  inhibit  the  intestine.  Dis- 
ease is  supposed  to  follow  an  unbalance  be- 
tween these  two  effects.  This  unbalance  can 
be  diagnosed  and  corrected  by  the  use  of 
certain  drugs  which  are  supposed  to  be  elec- 
tive in  their  actions.  These  theories  of  vago- 
tonia and  sympathicotonia  have  had  a 
strange  fascination  for  the  rhedical  mind; 
they  have  been  dragged  in  with  the  utmost 
assurance  to  explain  all  sorts  of  disease 
states;  and  I  believe  have  had  a  most  unfor- 
tunate influence  on  our  conceptions  of  gas- 
tro-intestinal physiology.  It  may  be  that 
these  theories  will  eventually  prove  useful; 
but  in  my  opinion  their  foundations  are  so 
shaky  that  some  day  the  whole  edifice  is 
going  to  go.  In  the  following  brief  discus- 
sion I  can  only  point  out  a  few  places  in 
which  the  proponents  of  these  theories  have 
made  things  much  simpler  than  they  really 
are. 
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Although  in  the  main,  the  vagus  tends  to 
stimulate  and  the  sympathetic  to  inhibit  the 
stomach  and  bowel,  these  effects  are  gener- 
ally transient,  often  indecisive  and  not  infre- 
quently reversed.  They  vary  with  the 
strength  of  the  stimulus  and  with  the  con- 
dition of  the  muscle.  The  next  objection  is 
that  the  whole  theory  of  "nerve  endings" 
and  "intermediate  substances"  is  shaky. 
Leading  pharmacologists  have  for  some  time 
been  calling  attention  to  the  many  contra- 
dictions in  the  literature  of  the  subject,  and 
have  warned  us  to  be  careful  in  accepting 
physiologic  conclusions  based  upon  the  sup- 
posed activities  of  the  various  nerve  pois- 
ons.* 

Perhaps  the  strongest  objection  to  the  re- 
cently revived  theories  in  regard  to  the 
autonomic  and  sympathetic  systems  is  that 
they  make  it  appear  that  the  sympathetic 
nerves  with  the  celiac  ganglia  constitute  a 
separate  and  distinct  brain  system  which  can 
be  antagonistic  to,  or  out  of  harmony  with 
the  central  nervous  system.  This  view  is  en- 
tirely at  variance  with  the  facts,  which  have 
beien  collected  and  discussed  in  a  masterly 
way  by  Gaskell  in  his  monograph  on  "The 
Involuntary  Nervous  System."^  He  shows 
that  the  involuntary  nerves  and  ganglia  are  a 
part  of  the  central  nervous  system ;  they  are 
connected  with  it  just  as  the  voluntary 
nerves  are,  and  they  have  developed  from 
the  same  embryonic  cells.  The  main  differ- 
ence is  simply  that  the  motor  ganglia  which 
in  the  voluntary  system  are  found  in  the  an- 
terior horns  of  the  cord,  have  migrated, 
some  as  far  as  the  paravertebral  ganglionic 
chain ;  some  into  the  solar  plexus,  and  some 
into  the  nerve  nets  in  the  walls  of  the  hollow 
organs.  Hence  it  is  that  the  rami  communi- 
cantes  or  preganglionic  fibers  in  the  sympa- 
thetic system,  and  most  of  the  efferent  fibers 
in  the  vagus  are  simply  elongated  connector 
neurones  such  as  we  find  between  the  motor 
and  sensory  roots  in  the  cord,  and  in  the 
pyramidal  tracts.  Furthermore,  it  has  been 
shown  that  there  are  no  commissural  fibers 
between  the  different  sets  of  sympathetic 
ganglia  such  as  would  have  to  be  present  if 


these  ganglia  were  to  mediate  reflexes  like 
an  abdominal  brain. 


VALUE  OF  THE  EXTRINSIC   NERVES 

We  learn  then  from  Gaskell  the  same  les- 
son that  we  have  had  from  Loeb  and  from 
Parker;  that  the  nerves  are  there  to  conduct, 
and  not  to  exercise  faculties  requiring  almost 
human  intelligence.  There  are  times  when 
the  animal  as  a  whole  needs  to  communicate 
with  its  digestive  tract;  there  are  times  also 
when  the  tract  must  communicate  with  the 
body.  There  are  many  times  when  one  end 
of  the  tract  must  communicate  with  the 
other ;  and  on  all  these  occasions  the  extrin- 
sic nerves  come  into  play.  The  vagi  carry 
feelings  of  hunger  and  of  satiety  from  the 
stomach  to  the  brain ;  they  help  in  adjusting 
the  tone  of  the  stomach  wall  to  the  food 
coming  down  the  esophagus ;  and  they  carry 
the  stimuli  that  give  rise  to  the  psychic  se- 
cretion of  gastric  juice.  If  the  food  must  be 
rejected  by  vomiting  they  carry  the  impulses 
which  bring  the  abdominal  muscles  to  the 
aid  of  the  stomach.  They  probably  carry 
messages  from  the  digesting  tract  which 
make  the  animal  feel  comfortable  and  sleepy. 
The  splanchnics  serve  largely  to  quiet  the 
tract  and  to  stop  digestion  when  the  body  is 
distressed  or  injured.  The  extrinsic  nerves 
probably  have  much  to  do  with  the  digestive 
upsets  with  disease  elsewhere  in  the  body; 
but  we  shall  see  later  that  these  changes  can 
be  accounted  for  also  by  actual  damage  to 
the  gastro-intestinal  muscle.® 

I  regret  that  I  have  had  to  spend  so  much 
time  on  this  subject  of  nervous  control;  but 
it  seems  that  the  human  mind  is  not  so  ready 
to  look  for  new  explanations  for  well- 
known  phenomena,  or  even  to  accept  them 
when  found,  until  its  contentment  with  the 
old  explanations  has  been  disturbed.  Now 
that  we  see  how  autonomous  the  tract  is  and 
how  dangerous  it  is  to  rely  on  theories  of 
ganglionic  control,  we  should  be  the  more 
eager  to  learn  all  we  can  about  the  gastro- 
intestinal muscle. 
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SMOOTH  MUSCLE 

As  you  know,  smooth  muscle  is  made  up 
of  spindle-shaped  cells  which  vary  in  size, 
shape,  number  of  nuclei,  etc.,  in  different 
animals  and  in  different  parts  of  the  same 
animal.  As  a  rule  it  contracts  more  slug- 
gishly than  striated  muscle  does;  it  takes 
longer  to  get  started,  and  it  is  slower  in  re- 
covering its  original  length.  After  a  number 
of  strong  stimuli  or  sometimes  after  only 
one,  it  may  become  quite  refractory.  After  a 
long  rest  it  may  seem  to  get  on  a  hair  trig- 
ger again  so  that  it  responds  powerfully  and 
explosively  to  a  slight  stimulus.  That  is  the 
condition  of  the  digestive  tract  after  the 
night's  rest ;  and  it  probably  has  much  to  do 
with  the  fact  that  most  of  us  have  the  daily 
bowel  movement  in  the  morning,  imme- 
diately after  breakfast.  With  an  animal  open 
under  salt  solution,  one  can  often  start  a 
rush  wave  down  the  bowel  by  pinching  the 
duodenum.  For  some  time  afterwards,  simi- 
lar pinches  will  have  no  effect,  but  if  we  wait 
long  enough  we  will  again  find  the  bowel  so 
sensitive  that  the  slightest  stimiulus  will 
start  a  wave. 

Another  characteristic  of  smooth  muscle 
is  its  ability  to  maintain  a  firm  and  lasting 
contraction  without  fatigue.  We  see  this  in 
the  muscles  which  close  the  shells  of  bivalves 
and  we  see  it  in  the  wall  of  the  colon.  It  is 
interesting  that  the  muscle  in  a  bivalve  con- 
sists of  two  parts:  one  which  closes  the  shell 
and  the  other  which  locks  it  closed.  By  cut- 
ting first  one  and  then  the  other  it  can  be 
shown  that  neither  one  can  do  the  work  of 
the  other.  Similarly,  if  one  of  you  will  try 
to  hold  his  arm  out  perpendicularly  to  his 
body  he  will  soon  find  it  a  most  painful  and 
fatiguing  experiment.  The  deltoid  was  not 
designed  for  sUch  heavy  work,  but  the  glutei 
and  back  muscles  are  carrying  much  heavier 
loads  all  day,  and  they  do  not  complain. 
There  are  all  kinds  of  muscles,  all  suited  to 
different  purposes.  Some,  like  those  in  the 
wings  of  insects,  must  contract  300  times  a 
second;  others  like  those  in  the  wings  of  a 
hen  have  little  to  do.  Those  who  think  all 


muscle  is  the  same  forget  the  diffenences  be- 
tween the  white  and  dark  meats  of  chicken, 
between  the  heart  and  the  gizzard;  between 
the  tenderloin,  roundsteak  and  tongue.  I 
have  gone  into  these  differences  so  at  length 
to  prepare  you  for  the  thought  that  there  are 
big  differences  between  the  muscle  in  the 
cardiac  and  pyloric  ends  of  the  stomach;' 
between  that  in  the  small  intestine  and  that 
m  the  cecum  «  and  colon."  The  muscle  on  the 
lesser  curvature  near  the  cardia  is  soft  to 
the  touch  like  coagulated  fibrin ;  that  in  the 
pyloric  antrum  is  tough  like  gizzard  and  has 
a  different  color.  Stimulate  the  two  with  an 
electric  current  or  with  a  pinch  and  you  get 
two  entirely  different  contraction  curves; 
put  them  into  warm  oxygenated  Locke's  so- 
lution and  you  get  two  different  types  of 
rhythmic  activity.  These  differences  were  to 
be  expected  when  we  remember  that  the  up- 
per and  lower  ends  of  the  stomach  have 
different  kinds  of  work  to  do.  The  upper  end 
serves  largely  as  a  hopper  to  hold  the  food; 
the  lower  is  the  mill  that  does  the  heavy 
work.  More  of  these  local  peculiarities  will 
be  described  later. 

Another  characteristic  of  smooth  muscle 
in  hollow  organs  is  its  responsiveness  to  ten- 
sion. Most  of  the  manifestations  of  peris- 
talsis are  brought  about  and  regulated 
largely  by  the  internal  pressure  due  to  the 
presence  of  food  or  gas.  Cannon  has  shown 
that  the  rhythmic  segmentation  in  the  small 
intestine  is  due  simply  to  the  fact  that  those 
muscle  fibers  which  are  stretched  tend  to 
contract. 

Smooth  muscle  shortens  also  under  the  in- 
fluence of  direct  irritation.  Thus  we  find 
contraction  of  the  cardia,  pylorus,  ileo-cecal 
sphincter  and  anus  when  there  is  ulceration 
or  inflammation  near  by.  We  find  hour-glass 
contractions  of  the  stomach  opposite  ulcers 
on  the  lesser  curvature;  and  shrunken  and 
irritable  duodenal  caps  with  ulcers  in  that 
region. 


PERISTALSIS 


If  we  stimulate  the  smooth  muscle  in  a 
tubular  organ  like  the  intestine  or  ureter,  we 
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get  a  contraction  which  produces  a  tonic 
ring.  From  this  ring,  waves  are  given  off  in 
both  directions.  They  remind  one  of  the 
ripples  which  arise  at  a  point  where  a  stone 
has  been  thrown  into  a  pond.  The  impulse 
spreads  from  muscle  fiber  to  muscle  fiber, 
and  need  not  be  mediated  by  nerves,  ganglia, 
centers  or  reflexes.  I  have  observed,  after 
electrical  stimulation,  similar  waves  spread- 
ing both  ways  along  the  segments  of  a  re- 
cently voided  tapeworm;  and  I  have  seen 
them  traveling  away  from  the  ridge  which 
forms  when  one  strikes  the  irritable  pectoral 
muscles  of  a  consumptive.  It  seems  to  me 
that  the  stimulus  probablv  increases  the 
chemical  activity  at  the  point  where  the 
tonus  ring  forms;  it  raises  the  metabolic 
rate,  and  stimuli  spread  out  on  both  sides 
down  gradients  of  chemical  activity. 

GRADIENTS 

Returning  to  the  simile  of  waves  spread- 
ing in  water,  it  seems  to  me  that  some  tu- 
bular organs  may  be  likened  to  ponds  which 
are  level  to  begin  with ;  others  are  more  like 
rivers  which  have  deiinitely  established  gra- 
dients. In  the  first  case  the  waves  spread 
equally  well  in  all  directions;  in  the  second, 
the  waves  spread  better  down  stream  than 
up.  Perhaps  I  can  illustrate  my  point  best 
by  showing  the  evolution  of  the  fixed 
gradient  in  the  heart.  As  you  know,  in  that 
organ  the  beat  follows  a  gradient  of  rhyth- 
micity  from  the  sinus  to  the  ventricle.  It  was 
Gaskell  who  showed  that  if  we  cut  a  heart 
into  three  or  four  pieces  the  one  containing 
the  mouths  of  the  great  veins  will  show  the 
greatest  tendency  to  beat  rhythmically,  and 
will  have  the  fastest  rate.  The  ventricle  will 
be  slow  to  start  beating  and  will  have  a  slow 
rate.  Now,  when  we  turn  to  the  primitive 
heart  of  the  sea  slug  (aplysia),  we  find  a 
tube  which  apparently  has  no  constant 
gradient  in  either  direction.  Its  beat  arises 
now  on  one  side  and  now  on  the  other,  de- 
pending on  where  the  blood  produces  the 
greatest  tension.  Hunter  could  find  no  sign 
of  a  gradient  in  the  heart  of  one  of  the 


ascidians.  In  these  animals  the  beat  runs  for 
a  while  towards  the  viscera  and  then  for 
a  while  towards  the  gills.  The  pace-making 
end  seems  to  get  fatigued ;  its  rate  is  slowed 
and  finally  the  other  end  is  able  to  assume 
the  pace  for  awhile.  A  constant  direction  of 
contraction  may  be  maintained  by  electrical 
stimulation  of  either  end  of  such  a  heart.  It 
seems  to  me  that  Hecht's  ^°  studies  on  ascidia 
atra  show  us  the  very  beginning  of  the  fixed 
gradient  which  we  find  in  the  hearts  of  the 
higher  animals.  He  found  that  although  the 
heart  of  the  ascidian  reverses  its  beat  from 
time  to  time,  the  sum  of  the  advisceral  beats 
is  about  twice  that  of  the  abvisceral.  More- 
over, as  we  should  expect  if  the  gradient  is 
a  little  better  in  the  advisceral  direction,  the 
rate  of  conduction  is  definitely  faster  in  that 
direction  than  in  the  other.  If  a  wave  is 
started  in  the  middle  of  the  heart  going  both 
wa3's  it  tends  to  efface  the  abvisceral  waves 
which  according  to  our  theory  would  have 
the  smaller  momentum.  It  is  interesting  also 
that  under  slightly  adverse  conditions,  as  af- 
ter warming  the  water  or  after  diluting  or 
concentrating  it,  it  is  the  i abvisceral  beat 
which  is  suppressed.  We  find  a  little  more 
stable,  but  still  reversible  heartbeat  in  the 
sharks  and  rays.  In  them  the  slightest  stimu- 
lus to  the  bulbus  aortae  will  reverse  the  beat 
and  the  same  stimulus  to  the  sinus  will  re- 
store it.  Even  in  the  higher  vertebrates  the 
heartbeat  can  be  reversed  temporarily  by 
agencies  which  lower  the  rhythmicity  of  the 
auricle  or  raise  that  of  the  ventricle. 

There  is  considerable  evidence  now  that 
peristalsis  in  the  ureter  follows  a  gradient 
of  rhythmicity  from  the  kidney  to  the  blad- 
der," and  I  have  been  collecting  data  which 
suggest  that  there  are  similar  gradients  in 
the  vas  deferens  and  the  fallopian  tubes.  We 
mav  perhaps  be  able  later  to  state  it  as  a  law 
that  the  direction  of  transport  of  material  in 
a  tubular  organ  depends  on  gradients  of 
rhythmicity,  tone,,  irritability  and  metabol- 
ism. When  we  come  to  think  of  it,  our  ex- 
perience with  engineering  and  mechanics 
should  have  led  us  long  ago  to  look  for  grad- 
ients in  these  muscular  tubes.  We  know  that 
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water  in  a  pipe  follows  gradients  of  gravity 
or  of  pumping  pressure;  electricity  flows 
along  gradients  of  voltage,  the  winds  fol- 
low gradients  of  barometric  pressure,  etc. 

GRADIENT  IN  THE  INTESTINE 

Now  what  evidence  have  we  that  there  is 
a  gradient  in  the  gastro-intestinal  tract?  As 
far  as  rhythmicity  goes  the  evidence  is  over- 
whelming. It  is  a  simple  thing  to  open  an 
animal  (rabbit)  under  salt  solution  and  to 
demonstrate  that  the  rate  of  rhythmic  con- 
traction varies  from  about  20  per  minute  in 
the  duodenum  to  10  per  minute  in  the  lower 
ileum.  It  is  easy  also  to  cut  out  short  seg- 
ments of  the  bowel  and  to  show  that  their 
rate  of  rhythmic  contraction  continues  to 
vary  inversely  as  the  distance  from  the  py- 
lorus. A  similar  gradient  can  be  shown  in 
strips  of  muscle  excised  from  the  wall  of  the 
stomach.  The  fastest  rate  is  found  in  the 
strip  from  the  lesser  curvature  near  the 
cardia.  It  is  harder  to  show  the  gradient  in 
the  colon,  but  that  was  to  be  expected.  Re- 
member that  the  large  bowel  is  more  slug- 
gish than  the  small ;  it  lets  the  contents  lie  in 
one  place  for  long  periods  of  time  and  waves 
can  go  in  either  direction  over  the  cecum 
and  ascending  colon.  Hence  it  is  that  the 
excised  muscle  is  slow  to  start  beating,  its 
rate  is  slow;  it  tends  to  contract  down  into 
a  hard  knot  and  stay  that  way ;  and  the  gra- 
dient is  poor  and  often  reversed.  In  the  small 
intestine  of  the  rabbit  and  white  rat  the 
rhythmic  gradient  is  so  fixed,  and  so  inti- 
mately "built  into"  the  structure  of  the  in- 
testine that  one  can  determine  the  oral  and 
aboral  ends  of  short  excised  segments  by 
counting  the  rates  at  the  two  ends.  It  has 
been  shown  also  that  when  sections  of  small 
intestine  are  cut,  turned  end  for  end  and 
anastomosed  again,  they  will  transport 
liquids  but  not  solids,  because  the  original 
direction  of  peristalsis  is  maintained  as  long 
as  the  animal  lives.  This  experiment  shows 
that  the  gradient  is  basic  and  not  the  result 
of  functional  adaptation.  Further  evidence 
for  that   conclusion  is  found  in  the  fact  that 


it  is  just  as  marked  in  the  fetal  intestine, 
which  has  not  yet  functioned,  as  in  the  adult 
animal.  The  permanence  of  the  gradient  in 
the  gut  is  to  be  expected  from  studies  on  the 
lower  forms  of  life.  The  mouth  of  a  frog  is 
lined  by  epithelium  covered  with  little  cilia 
which  wave  in  one  direction.  If  a  piece  of 
this  epithelium  is  cut  out,  turned  through  an 
angle  of  180°,  and  grafted  back  again,  the 
cilia  continue  to  beat  in  their  original  direc- 
tion, now  contrary  to  that  in  the  rest  of  the 
mouth.  In  some  of  the  worms  the  so-called 
"polarization"  is  so  perfect  that  if  the  ani- 
mal is  cut  into  a  half-dozen  pieces  they  will 
all  crawl  in  the  same  direction  towards  the 
point  where  the  head  used  to  be. 

Before  leaving  the  topic  of  rhythmic  con- 
traction I  must  make  it  clear  that  in  the  in- 
testine the  rhythm  of  one  segment  rarely 
influences  the  rhythm  of  the  adjacent  ones. 
As  you  know,  in  the  heart  the  region  with 
the  fastest  rate  sets  the  pace  for  all  others, 
and  the  wave  of  excitation  travels  so  rapidly 
that  to  the  naked  eye  the  mammalian  heart 
appears  to  contract  simultaneously  all  over. 
In  the  stomach,  the  area  with  the  most  rapid 
rate  at  the  cardia  sets  the  pace,  and  we  can 
see  the  waves  traveling  slowly  to  the  pylorus. 
In  the  small  intestine  each  segment  contracts 
at  its  own  rate  and  only  occasionally  do  we 
see  what  are  called  peristaltic  rushes  run- 
ning any  distance  down  the  bowel.  Although 
the  duodenal  muscle  has  the  fastest  rate  it 
does  not  set  the  pace  for  the  rest  of  the  gut. 
I  must  emphasize  this  point  because  some 
writers  in  overlooking  it,  have  theorized  un- 
warrantably on  the  basis  of  some  purely 
anatomical  observations  reported  by  Keith. 

UNDERLYING    BASIS   OF   THE   RHYTHMIC 
GRADIENT 

The  next  question  is:  how  are  these  dif- 
ferences in  rate  brought  about?  What  are 
thev  due  to?  What  are  the  structural  dif- 
ferences behind  them  ?  As  we  have  seen  that 
these  rhythmic  movements  are  myogenic  in 
origin,  it  is  plain  that  we  must  look  for  the 
differences  in  the  muscle.  Now,  it  has  been 
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shown  that  the  rate  of  rhythmic  contraction 
is  probably  dependent  upon  the  rate  at  which 
the  chemical  processes  go  on.  Some  sub- 
stance is  built  up  to  a  certain  point  and  then 
exploded  to  produce  the  contraction.  If  the 
metabolism  is  slow  it  should  take  longer  to 
complete  the  cycle.  We  know  also  that 
warming  hastens  chemical  processes,  and 
Taylor  and  I  have  shown  that  warming  the 
intestine  hastens  the  rate  of  rhythmic  con- 
traction. As  we  can  take  a  piece  of  ileum 
beating  lo  times  a  minute,  and  by  warming 
it  speed  up  its  metabolism  so  that  it  will  beat 
ly  times  per  minute,  it  seems  to  me  that  the 
duodenum  which  normally  beats  ly  times 
per  minute  must  have  a  faster  metabolic 
rate  than  the  ileum.  Such  differences  in 
metabolic  rate  have  been  demonstrated  in 
other  organs  of  the  body,  where  they  ap- 
pear to  have  great  significance.^'  During  the 
last  few  years  Miss  Starkweather  and  I  have 
brought  forward  a  good  deal  of  evidence  to 
show  that  there  is  a  gradient  of  oxidation 
from  the  cardia  to  the  pylorus,  from  the 
duodenum  to  the  ileum  and  from  the  ileo- 
cecal sphincter  to  the  anus.^^  For  the  unit  of 
weight  and  time  the  muscle  from  the  duode- 
num gives  off  more  CO2  than  does  the 
muscle  from  the  ileum.  This  is  true  not  only 
for  the  active  but  also  for  the  resting  muscle. 
Graded  differences  have  been  found,  more- 
over, in  the  catalase  content  of  equal  w^eights 
of  minced  muscle.  This  catalase,  which  lib- 
erates oxygen  from  hydrogen  peroxid,  is 
supposed  by  some  to  be  an  index  of  the  rate 
of  metabolism ;  and  certainly  in  the  bowel  the 
gradients  of  CO2  production  and  catalase 
activity  run  very  close  together.  Be  that  as 
it  may.  the  interesting  thing  to  me  is  that 
we  can  show  a  definite  chemical  difference 
between  the  muscle  in  the  duodenum  and 
that  in  the  ileum. ^ 

We  know  that  there  is  some  gradation 
also  in  the  irritability  of  the  intestine  as  re- 
gards distension.  The  duodenum  and  je- 
junum are  ver\''  responsive  to  the  presence 
of  food  or  balloons,  while  the  lower  ileum 
and  colon  are  quite  tolerant  of  them.  You 
all  know  that  the  barium  meal  in  the  je- 


junum appears  in  small  flecks  as  if  it  had 
been  sprayed  over  the  folds  of  the  mucous 
membrane.  In  the  ileum  it  forms  dense  saus- 
age-shaped masses.  That  is  due  simply  to 
the  greater  irritability  and  activity  of  the 
upper  bowel. 

Hess  showed  years  ago  that  the  pull  ex- 
erted by  the  jejunum  of  a  dog  on  a  small 
balloon  is  228  gm.,  while  in  the  ileum  it  is 
75  gm.  Naturally,  the  food  is  going  to  move 
from  the  active  and  irritable  regions  to  the 
more  sluggish  and  insensitive  ones.  I  cannot 
conceive  of  a  simpler  theory  of  peristalsis, 
or  one  more  in  harmony  with  the  laws  of 
physics  and  mechanics. 

DIFFEREXCES   IN    PERISTALSIS   IN   DIFFERENT 
PARTS  OF  THE  GUT 

Let  US  follow  for  a  few  moments  the 
progress  of  a  barium  meal  through  the  di- 
gestive tract,  noting  how  the  peristaltic 
movements  are  influenced  by  local  differ- 
ences in  structure  and  musculature.  The 
mouthful  shoots  through  the  first  part  of  the 
esophagus  because  the  muscle  is  quick-acting 
and  striated.  In  the  lower  third  the  muscle 
is  largely  of  the  smooth  variety  and  progress 
slows  up.  In  the  stomach  the  waves  begin 
probably  in  the  pacemaking  region  near  the 
cardia  and  travel  as  shallow  ripples  until 
either  proper  pressure  conditions  or  the  pres- 
ence of  the  peculiar  antral  muscle  causes 
them  to  break  into  deep  waves.  If  the  tone  of 
the  stomach  is  too  high  the  waves  may  be 
very  shallow  or  hard  to  see;  if  the  tone  is 
poor,  we  may  see  the  best  waves  at  the  be- 
ginning of  the  examination  when  there  is 
only  a  little  food  present  and  the  muscle 
fibers  are  not  too  badly  stretched. 

The  waves  do  not  cross  the  pylorus,  prob- 
ably because  of  the  connective  tissue  barrier 
there,  the  peculiar  arrangement  of  the 
muscle  fibers,  and  the  sudden  transition  to  a 
different  type  of  muscle.  The  control  of  the 
pylorus  is  parth'  chemical  and  partly  me- 
chanical. Cannon  has  shown  that  the  pres- 
ence of  acid  above  tends  to  relax  the  sphinc- 
ter and  acid  below  tends  to  close  it.  We  know 
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however  that  this  mechanism  will  not 
explain  the  vagaries  of  pyloric  action  in 
achylia  gastrica,  in  duodenal  ulcer,  car- 
cinoma, etc.  We  know  also  that  the  mere 
presence  of  food  or  of  a  distending  balloon 
in  the  duodenum  and  jejunum  will  tend  to 
stop  the  progress  of  food  through  the  py- 
lorus." It  is  this  mechanism  that  keeps  the 
stomach  from  emptying  too  rapidly  after 
pylorectomies,  Mayo-Polya  operations  and 
gastro-enterostomies.  This  holding  back 
above  an  active  or  distended  part  of  the  gut 
is  easily  explained  on  the  basis  of  changes 
in  the  gradient.  The  digesting,  stretched 
bowel  has  a  faster  metabolic  rate  and  a  more 
rapid  rate  of  rhythmic  contraction ;  hence  the 
gradient  is  likely  to  be  uphill  towards  it.  This 
will  tend  to  slow  the  progress  of  more  food 
coming  down  from  above.^^ 

The  duodenal  cap  remains  filled  and 
shows  almost  no  peristalsis,  probably  be- 
cause the  muscle  removed  from  that  region 
shows  very  little  rhythmicity.  There  is  some 
evidence  that  the  muscle  fibers  are  arranged 
in  festoons  and  not  circularly  and  longitud- 
inally, as  they  are  elsewhere.  This  might  also 
tend  to  modify  the  contractions.  I  think  the 
peculiarities  of  the  upper  duodenal  regions, 
together  with  a  number  of  its  pathological 
tendencies,  can  be  traced  back  to  the  great 
specialization  and  complexity  of  this  part  of 
the  bowel  in  some  of  the  fishes. 

As  I  have  already  stated,  the  jejunum  is 
jejune  or  empty  because  of  its  great  irrita- 
bility and  rapid  peristaltic  rate.  The  food 
slows  up  in  the  terminal  ileum  because  the 
muscle  is  more  sluggish  and  because  the  gra- 
dient is  uphill  for  a  short  distance  to  the  ileo- 
cecal sphincter. 

In  the  first  third  of  the  colon  the  gradient 
is  poor,  so  that  the  waves  can  go  in  either 
direction.  In  the  rat  they  tend  to  be  anti- 
peristaltic when  the  feces  are  liquid  and  per- 
istaltic when  the  feces  become  drier.  The  col- 
onic contents  move  slowly  because  the 
muscle  is  more  sluggish  and  perhaps  because 
the  gradient  is  poor.  The  tendency  for  the 
feces  to  stay  out  of  the  rectum  can  be  ex- 
plained if  I  am  right  in  thinking  that  the  gra- 


dient is  uphill  in  that  region.  There  is  some 
evidence  from  animal  experimentation  in 
favor  of  that  assumption." 

PRACTICAL  VALUE  OF  THE  GRADIENT  THEORY 

This  idea  of  a  gradient  underlying  peris- 
talsis gives  us  facile  explanations  for  many 
of  the  phenomena  observed  in  disease.  The 
gradient  of  forces  can  be  steepened,  flattened 
or  reversed.  A  duodenal  ulcer  which  raises 
the  irritability  and  tone  of  the  upper  end  of 
the  tract  often  hurries  the  progress  of  food 
through  the  small  intestine;  a  lesion  in  the 
appendix  or  cecum  which  raises  the  irritabil- 
ity of  the  lower  end  of  the  bowel  slows  the 
current  and  produces  ileal  stasis.  A  fissure  in 
the  rectum  may  cause  back  pressure  into  the 
cecum  with  constipation.  A  patch  of  enteritis 
in  the  jejunum  can  reverse  the  current 
above,  in  the  duodenum  and  stomach — with 
vomiting;  and  can  hurry  it  below — with 
diarrhoea.  A  stimulus  reaching  the  jejunum 
from  the  brain  by  way  of  the  vagi — as  in 
sea-sickness — may  also  empty  the  tract  both 
ways.  The  distension  of  any  part  of  the  tract 
by  food  raises  the  tone  and  irritability  of 
that  region  and  tends  to  hold  back  the  ma- 
terial coming  down  from  above. 

Theoretically,  the  gradient  can  be  reversed 
not  only  by  raising  the  lower  end,  but  by 
depressing  the  upper  end.  My  observations 
on  excised  segments  of  intestine  from  dis- 
tempered dogs  and  snuffling  cats  agree 
closely  with  those  of  Child  on  the  lower 
forms  of  life  in  showing  that  the  most  sensi- 
tive regions,  which  have  the  fastest  met- 
abolic rates  and  the  greatest  need  for  oxy- 
gen, are  injured  most  by  asphyxia,  by  many 
drugs  and  by  disease  toxins.  I  have  shown 
repeatedly  that  a  poison  can  be  administered 
in  such  dosage  as  to  have  no  effect  on  the 
colon  and  ileum,  while  it  paralyzes  the 
duodenum  and  weakens  the  jejunum.  Fur- 
thermore, exised  segments  of  duodenum 
from  a  sickly  rabbit  may  not  contract  at  all 
in  Locke's  solution  when  similar  segments 
from  the  ileum  of  that  animal  show  no  sign 
of  toxic  influence.  A  reversal  or  a  flattening 
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of  the  chemical  gradients  can  also  be  shown 
in  many  of  the  sick  animals.  We  have  here, 
then,  an  easy  and  very  simple  explanation 
for  the  digestive  upsets  with  intestinal 
stasis  which  we  see  in  fevers  and  asthenic 
states. 

As  I  have  discussed  the  practical  aspects  of 
my  theory  in  previous  papers  ^^  I  will  not  go 
into  the  subject  any  further  at  this  time.  Re- 
member, when  confronted  by  an  abnormality 
in  intestinal  peristalsis,  that  if  the  lesion  is 
sufficiently  irritating  it  will  raise  the  local 
tone;  this  will  reverse  the  gradient  leading 
to  the  lesion  on  the  orad  side  and  it  will 
steepen  the  gradient  on  the  caudad  side. 
Hence  it  is  that  it  may  slow,  stop  or  reverse 
the  progress  of  material  coming  toward  it 
from  above,  and  may  hasten  the  progress  of 
material  that  has  passed  it.  Exceptions  to 
this  rule  will  be  found  around  the  stomach 
where  there  are  many  complicating  factors 
not  sufficiently  understood  at  present. 

In  closing,  I  liiust  admit  that  with  all  the 
work  that  has  been  done  we  still  know  too 
little  about  the  origin  of  many  of  the  dis- 
turbances of  function  which  we  see  in  our 
patients — the  hypo-  and  hypermotilities,  the 
sphincter  spasms  and  the  peculiarities  in 
gastric  peristalsis.  We  must  keep  in  mind 
that  we  are  using  a  physiologic  method,  bor- 
rowed from  Cannon ;  we  must  think  more  in 
terms  of  deranged  physiology,  and  must  not 
rest  too  satisfied  with  the  demonstration  of 
beautiful  morphologic  defects — ulcer  cra- 
ters, carcinomas,  adhesions  and  displace- 
ments. A  number  of  you — practising  radio- 
graphers— have  made  excellent  physiologic 
studies  on  man;  studies  that  are  as  much 
pure  physiology  as  those  of  Cannon  and 
Carlson.  Much  remains  to  be  done;  and  if 
my  little  message  from  the  biologists  to-day 
should  contribute  anything  to  your  zeal  and 
skill  in  attacking  these  problems  I  shall  be 
happy. 

SUMMARY 

We  often  fail  in  trying  to  solve  our  prac- 
tical problems  because  we  do  not  begin  near 


enough  to  the  beginning.  We  must  know 
more  about  general  principles  and  the  work- 
ings of  small  parts  of  the  digestive  tube. 

We  must  venture  out  more  into  "pure" 
science.  We  can  get  much  help  and  inspira- 
tion from  the  experimental  zoologists  and 
the  physiologists. 

The  digestive  tract  is  largely  autonomous, 
and  the  forces  underlying  peristalsis  must  be 
looked  for  mainly  within  the  gut  itself. 

The  tendency  of  writers  to  explain  every- 
thing on  the  basis  of  nervous  reflexes  and 
ganglionic  control  is  unfortunate,  and  para- 
l3^zing  to  further  progress. 

Recent  biologic  work  has  shown  in  num- 
berless ways  that  the  main  function  of  the 
nervous  system  is  conduction. 

It  has  been  shown  conclusively  that  the 
rhythmical  contractions  of  the  intestinal 
muscle  are  myogenic  in  origin. 

Auerbach's  plexus  serves  to  conduct  stim- 
uli and  to  coordinate  the  activities  of  differ- 
ent parts  of  the  tract.  It  contains  no  reflex 
arcs. 

Current  theories  about  the  antagonism  be- 
tween the  vagus  and  sympathetic  are  shown 
to  be  pseudoscientific,  and  out  of  harmony 
with  the  facts  as  determined  by  the  leading 
anatomists  and  physiologists  of  the  world 
to-day.  The  sympathetic  is  an  integral  part 
of  the  central  nervous  system  and  not  an 
outlying  antagonistic  "brain." 

Many  of  the  conclusions  based  upon  the 
supposed  actions  of  drugs  on  nerve-endings 
and  "intermediate  substances"  must  be  re- 
vised in  the  light  of  recent  work. 

The  extrinsic  nerves  of  the  intestine  serve 
to  communicate  between  the  body  and  the 
bowel,  and  between  the  bowel  and  the  brain. 

The  digestive  tract  can  work  quite  nor- 
mally after  section  of  all  the  extrinsic 
nerves. 

The  key  to  an  understanding  of  peristalsis 
is  to  be  found  in  a  study  of  the  smooth 
muscle  in  the  wall  of  the  bowel. 

There  are  different  types  of  muscle  suited 
to  different  functions  in  the  different  parts 
of  the  body  and  in  different  parts  of  the  di- 
srestive  tract. 
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The  properties  of  smooth  muscle  are  dis- 
cussed: its  reactions  to  stimulation,  to  dis- 
tension, inflammation,  etc. 

A  peristaltic  wave  spreads  1)oth  ways  from 
a  stimulated  spot  like  ripples  from  a  stone 
thrown  into  a  pond.  Most  of  the  muscular 
tubes  are  so  constructed  that  the  ripples  can 
travel  in  one  direction  better  than  another. 

It  may  perhaps  be  a  law  for  all  tubular 
organs  that  the  transport  of  material  in  one 
direction  depends  upon  gradients  of  rhyth- 
micity,  irritability,  tone  and  metabolism. 

Such  gradients  can  easily  be  demonstrated 
in  the  walls  of  the  stomach  and  intestine. 

A  bolus  moves  aborally  in  the  digestive 
tract  because  the  pressure  is  greater  on  the 
upper  than  on  the  lower  side.  This  difference 
in  pressure  is  due  probabh'  to  the  graded 
characteristics  of  the  muscle. 

The  peculiarities  of  peristalsis  in  differ- 
ent parts  of  the  tract  are  explainable  on  the 
basis  of  local  differences  in  the  structure  of 
the  neuromuscular  mechanism. 

It  is  shown  how  the  gradients  may  be  up- 
set in  disease,  and  how  these  theories  can 
explain  pathologic  phenomena. 
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AVERY  fortunate  and  brilliant  stereo  set 
of  the  pelvis  in  a  case  coming  from  an- 
other ward  was  the  means  of  interesting 
Dr.  Reuben  Peterson,  Professor  of  Obstet- 
rics and  Gynecology  at  the  University  Hos- 
pital, in  this  study,  and  it  is  due  largely  to 
his  hearty  and  enthusiastic  cooperation  that 
work  was  undertaken  on  this  subject  and 
the  present  series  of  cases  made  possible.  He 
immediately  suggested  the  possibilities  of 
this  method  for  the  illustration  of  clinical 
lectures  and  the  study  of  the  anatomical  rela- 
tionship of  the  normal  and  pathological  pel- 
vis, quite  aside  from  the  possibility  of  the 
development  of" any  diagnostic  value.  As  a 
further  piece  of  good  fortune,  one  of  the 
earliest  cases  provided  such  illuminating  evi- 
dence, even  though  it  was  poorly  understood 
at  the  time,that  a  serious  attempt  to  develop 
the  diagnostic  feature  of  the  method  was 
projected. 

At  the  outset  it  was  agreed  that  if  the 
method  were  to  have  any  extended  useful- 
ness the  technicjue  must  be  at  once  safe, 
simple,  certain  and  cheap ;  and  throughout 
we  have  aimed  to  produce  a  method  and  a 
procedure  which  can  be  reduced  to  a  routine 
and  can  be  carried  out  by  the  assistants  in 
the  Department  of  Gynecology  and  the  lay 
members  of  the  radiographic  staff.  Natur- 
ally, our  first  efforts  were  far  from  simple 
and  still  farther  from  certain.  In  the  interest 
of  safety,  Dr.  Peterson  agreed  to  attend  per- 
sonally to  the  inflations  during  the  develop- 
mental stage,  and  to  date  we  have  examined 
somewhat  over  forty  cases  without  any 
unexpected  or  disagreeable  complications. 

At  the  present  time  we  have  tentatively 


adopted  the  following  procedure:  The  pa- 
tients are  inflated  in  the  examining  room  in 
the  Department  of  Gynecology  immediately 
at  the  conclusion  of  the  regular  gynecolog- 
ical examination  and  on  the  regular  gyne- 
cological table.  The  inflation  is  preceded  by 
an  injection  of  Schleich's  solution  and  the 
point  selected  for  puncture  is  usually  about 
one  inch  below  the  umbilicus  in  the  median 
line,  unless  previous  operative  scars,  evi- 
dence of  adhesions,  or  other  pathology,  con- 
tra-indicate. 

Carbon  dioxide  is  taken  from  one  of  the 
usual  commercial  tanks  from  which  a  nitrous 
oxide  bag  is  filled,  and  this  bag  is  then  con- 
nected with  the  needle  without  intervening 
manometers  or  washing  or  sterilizing  ap- 
paratus. During  inflation,  the  bag  is  held  be- 
tween the  knees  of  an  assistant,  thereby  giv- 
ing complete  control  over  the  pressure  as 
well  as  giving  a  fair  indication  of  the 
amount  of  gas  which  has  been  injected.  We 
have  found  that  from  ij4  to  2  liters  of  gas 
are  sufficient  to  produce  a-  fair  inflation  of 
the  pelvis,  although  in  certain  individuals 
the  bowel  coils  can  still  be  seen  resting  on 
the  anterior  abdominal  wall  in  the  most  de- 
pendent portion  of  the  belly. 

The  patient  is  then  turned  over  on  the 
face,  being  held  in  the  knee-chest  position 
until  an  inclined  board  can  be  placed  beneath 
the  thighs.  This  board  makes  an  angle  of 
about  28  degrees  with  the  plane  of  the  table 
and  its  upper  portion  is  cut  out  and  rounded 
so  that  the  pubis  comes  to  lie  just  about  the 
deepest  portion  of  the  notch.  An  18  inch 
square  of  opaque  fabric  with  a  6^  inch 
circular  hole  cut  out  of  its  center  is  laid  on 
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the  buttocks  and  serves  as  a  diaghragm.  A 
plate  changing  tunnel  is  then  placed  horizon- 
tally on  the  table,  double  screen  films  are 
used,  and  a  Coolidge  portable  unit,  operating 
on  the  ordinary  lamp  circuit,  furnishes  the 
;r-ray.  An  exposure  of  from  fourteen  to 
twenty  seconds  is  required,  and  ordinarily 
each  exposure  is  interrupted,  being  made  at 
such  intervals  as  the  breath  can  be  held  con- 
veniently, and  the  patient  allowed  to  breath 
between  the  fractional  exposures. 

The  tube  shift  is  in  the  long  axis  of  the 
body  and  the  stereo  set  so  produced  is  used 
as  though  the  patient  were  lying  on  the  right 
side. 

This  technique  is  the  result  of  a  series  of 
progressive  improvements.  For  instance,  at 
first  we  used  oxygen  and  brought  the  pa- 
tients down  to  the  .r-ray  room  where  they 
were  first  "screened"  and  then  "plated." 
This  method  was  entirely  satisfactory  from 
the  .r-ray  point  of  view,  but  there  was  con- 
siderable complaint  on  the  part  of  the  patient 
for  twenty- four  or  forty-eight  hours  if  they 
attempted  to  move  from  the  rigidly  dorsal 
decubitus.  Consequently  a  similar  procedure 
was  attempted  with  carbon  dioxide;  but  it 
was  found  that  if  there  were  any  unusual  de- 
lay in  the  transportation  of  the  patient — 
over  several  floors  and  down  at  least  two 
elevators — the  amount  of  gas  remaining  in 
the  peritoneal  cavity  was  insufficient  to  se- 
cure satisfactory  plates.  The  portable  .r-ray 
machine  used  in  the  gynecological  examin- 
ing room  seems  to  be  a  perfectly  satisfactory 
solution  of  this  difficulty. 

We  have  also  found  that  not  so  large  an 
amount  of  gas  is  necessary  for  the  inflation 
of  the  pelvis  as  for  a  satisfactory  examina- 
tion of  the  abdomen  as  a  whole.  Provided 
the  examination  can  be  undertaken  immedi- 
ately, we  now  believe  that  from  a  liter  to  a 
liter  and  a  half  is  sufficient  to  inflate  a  pelvis 
of  ordinary  size.  However,  in  order  to  be 
certain  that  all  the  intestines  which  normally 
lie  in  the  pelvis  may  have  a  chance  to  escape, 
we  prefer  to  give  two  liters  of  gas  wherever 
the  patient  does  not  complain  too  seriously. 

In  the  earlier  cases  there  was  considerable 


complaint,  on  the  part  of  the  patients,  of 
persistence  of  the  pain  and  discomfort  for 
twenty- four  to  forty-eight  hours.  Accord- 
ingly, deflation  was  practiced.  Since  the  in- 
troduction of  carbon  dioxide,  deflation  has 
not  been  necessary,  and  patients  inflated  at 
about  1 1  o'clock  in  the  morning  have  taken 
their  noonday  meal  in  the  sitting  posture 
with  complete  comfort  and  no  more  reports 
of  sleepless  nights  have  been  encountered. 
This  is  undoubtedly  due  to  two  factors:  first, 
the  more  rapid  absorption  of  carbon  diox- 
ide; and,  second,  to  the  smaller  quantity  of 
the  gas  introduced  in  the  later  cases.  While 
discomfort  and  a  sense  of  oppression  are  a 
constant  complaint,  these  are  not  important 
except  in  cases  with  serious  pathology  in  the 
upper  abdomen  or  (as  we  suspect)  with 
adhesions  to  the  parietal  peritoneum  in  the 
abdomen  or  pelvis. 

For  a  time  we  introduced  a  short  narrow 
helix  of  wire  into  the  vagina  for  the  purpose 
of  simplifying  the  recognition  of  the  various 
shadows  in  the  pelvis  by  reason  of  the  better 
differentiation  which  would  result  from  a 
demonstration  of  the  axis  of  this  cavity.  The 
shadow  of  the  fundus  of  the  uterus  which 
in  the  earlier  experiments  was  apt  to  be  hid- 
den in  the  shadow  of  the  bladder,  was 
thereby  thrown  backwards  and  more  nearly 
into  the  axis  of  the  pelvis  and  was  more 
clearly  outlined.  However,  because  of  the 
distortion  which  was  introduced  by  the  in- 
flation of  the  vagina  and  the  bulging  of  the 
posterior  vaginal  wall  into  the  cul-de-sac  of 
Douglas — almost  invariably  to  one  side  of 
the  median  line — and  because  of  the  result- 
ing distortion  of  the  position  of  the  uterus, 
this  procedure  has  been  discontinued. 

It  is  probably  superfluous  to  speak  here  of 
the  advantages  of  the  stereo  set.  However  it 
is  well  to  realize  that  the  stereo  effect  in 
pelxis  A--rays  is  not  nearly  so  perfect  as  it  is 
in  the  study  of  the  bones  or  of  the  chest.  The 
appreciation  of  depth  is  only  possible  when  a 
definite  point  or  a  series  of  points  is  pre- 
sented to  the  eye,  establishing  a  definite  par- 
allax. In  the  case  of  a  smoothly  rounded  soft 
tissue  bodv  of  uniform  densitv,  such  as  we 


14 


Pneumoperitoneum  of  the  Pelvis 


are  dealing  with  in  the  pelvis,  such  points  are 
not  normally  found.  The  only  lines  upon 
which  the  eye  can  fix  are  the  shadows  of 
those  portions  of  the  perimeters  of  such 
bodies  which  are  projected  by  rays  which 
are  tangent  to  the  surface  at  these  points. 
The  depth  of  the  fundus  of  the  uterus 
appears,  therefore,  to  lie  in  the  position  of  its 
equator,  and  one  gets  no  impression  of  the 
extent  or  the  position  of  that  organ  above  or 


the  diffuse  shadows  of  the  abdomen.  Our 
appreciation  of  the  contour  of  this  body  is 
accordingly  somewhat  fragmentary  and  our 
conception  of  its  shape  may  be  quite  erro- 
neous. Nevertheless  we  believe  the  stereo  set 
to  be  well  worth  while  because  of  the  ease 
with  which  the  rather  complex  shadows  of 
the  pelvis  ma}-  be  resolved,  the  extraneous 
shadows  excluded,  and  the  relative  position 
of  these  cross  sections  appreciated. 


Fig.   I.  Normal  Pelvis.  Note  the  optical    cross   sections   of   the  isthmus   and   fundus 

of  the  uterus. 


below  that  point.  The  image  of  an  irregular 
body  will  be  represented  by  a  series  of  "op- 
tical cross  sections"  at  the  point  of  tangency 
of  the  projecting  rays.  For  instance,  the  im- 
age of  the  uterus,  four  months  pregnant,  is 
represented  only  by  the  cross  section  of  its 
enlarged  cervical  or  supracervical  portion 
(the  isthmus)  and  by  the  shadow  of  the  an- 
terior surface  of  the  neck  just  behind  the 
pubis  where  it  curves  upward  and  extends 
into  the  abdominal  cavity,  while  the  upper 
margin  of  the  body  of  the  uterus  is  lost  in 


Our  experience  is  obviously  too  limited  to 
give  an  exhaustive  exposition  of  the  signifi- 
cance of  the  shadows  seen.  We  have,  how- 
ever, tentatively  reached  certain  conclusions 
which  may  be  of  value  in  the  further  study 
of  this  branch  of  roentgenographic  work. 

It  appears  that  the  normal  pelvis  is  rather 
easily  and  regularly  freed  of  all  intestinal 
coils  with  the  exception  of  that  portion  of 
the  pelvic  colon  and  the  rectum  which  have 
no  mesentery ;  and  that  this  may  be  accom- 
plished with  a  comparatively  small  amount 
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of  gas.  The  shadow  of  the  rectum  is  closely 
applied  to  the  anterior  surface  of  the  sacrum, 
and  as  it  is  projected  well  above  the  shadows 
of  the  female  generative  system,  it  offers  no 
confusion  if  the  technique  advocated  is  fol- 
low^ed.  It  makes  little  or  no  difference 
whether  it  be  full  or  empty.  Even  barium- 
containing  feces  serve  only  to  fix  the  position 
or  facilitate  the  orientation  of  the  im?ge. 


cient.  that  conclusion  seems  to  be  justified  by 
our  experiences. 

If  a  perfect  degree  of  elevation  of  the  hips 
has  been  attained  and  the  direction  of  the 
ray  is  in  the  long  axis  of  the  pelvis,  both  the 
anterior  and  posterior  pelvic  pouches  are 
empty  of  everything  but  gas.  In  the  presence 
of  pathology,  either  the  one  or  the  other  may 
be  filled  with  inflammatorv  exudate  or  ad- 


FiG.  2.  Pregnancy  at  Six  Weeks.  Mass  on  the  left,  possibly  the  ovary, 
with  corpus  luteum  vera. 


Whether  this  rule  of  the  mobility  of  the 
pelvic  intestinal  coils  is  so  invariable  as  to 
justify  the  conclusion  that  the  presence  of 
such  shadows  is  an  evidence  of  pathological 
adhesions,  remains  in  doubt  and  obviously 
will  always  remain  dependent  upon  the  care 
exercised  in  the  details  of  the  technique  and, 
in  particular,  upon  the  quantity  of  the  gas 
injected.  With  the  exception  of  a  few  cases 
in  which  the  inflation  obviouslv  was  insuffi- 


hesions,  or  incarcerated  bowels  and  omen- 
tum, with  consecutive  displacement  of  the 
uterus  and  the  broad  ligaments  which  form 
the  transverse  partitions  of  this  portion  of 
the  pelvis.  Such  displacement  with  oblitera- 
tion of  either  of  the  pouches  is  one  of  the 
most  striking  features  of  inflammatory  dis- 
ease of  the  pelvis. 

When  entirely  empty,  the  bladder  shadow 
is  scarcelv  recognized  on  the  posterior  sur- 
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face  of  the  pubic  bone.  When  distended, 
however,  it  may  be  seen  as  a  rounded 
shadow  of  no  very  great  saHency  exactly 
where  one  would  expect  to  find  it,  and  its  rec- 
ognition is  never  a  matter  of  great  doubt. 

The  fundus  of  the  uterus  in  a  properly 
placed  patient  is  separated  from  the  bladder 
shadow  by  the  space  of  the  anterior  or  utero- 
vesical  pouch  which  normally  contains  gas. 


ever,  that  the  same  result  may  be  accom- 
plished by  a  slightly  greater  elevation  of  the 
hips  and  a  little  more  care  in  directing  the 
ray. 

On  either  side  of  the  uterine  shadows  are 
seen  the  narrow  linear  shadows  of  the  broad 
ligaments  clearly  spreading  out  at  either 
end,  centrally  embracing  the  uterine  shadow 
and  peripherally  fusing  with  the  pelvic  wall. 


Fig.  3.  Unilateral  Disease  of  the  Tube.     At  Operation  Contained  Pus. 


In  the  presence  of  a  marked  relaxation  of 
the  pelvic  floor,  or  where  the  position  is  not 
satisfactory,  it  may  be  found  to  lie  on  the 
posterior  surface  of  the  bladder  and  may  be 
exceedingly  difficult  to  recognize.  This  is 
particularly  true  in  cases  of  senile  atrophy. 
The  introduction  of  a  helix  of  wire  into  the 
vagina  with  the  resulting  dilatation  of  this 
cavity  seems  to  help  to  throw  this  shadow 
backwards,  more  nearly  into  the  axis  of  the 
pelvis.  Our  experience  appears  to  show,  how- 


Wherc  the  uterus  is  displaced  or  distorted, 
these  broad  ligament  shadows  serve  to  di- 
rect one  to  the  position  of  this  organ.  It  ap- 
pears that  they  are  best  seen  at  a  level  some- 
what above  that  of  the  cervix,  but  well  be- 
low the  equator  of  the  fundus. 

We  have  never,  to  our  knowledge,  recog- 
nized the  round  ligaments  and  greatlv  ques- 
tion whether  they  would  ever  appear  on  the 
plate.  We  have  once  or  twice  imagined  we 
could  see  them,  but  operation  proved  that 
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they  lay  in  quite  a  different  position.  Care- 
ful examination  of  the  opened  pelvis  gives  us 
no  reason  to  suppose  that  these  exceedingly 
tenuous  structures  with  their  thin  enveloping 
layers  of  peritoneum  could  reasonablv  be 
expected  to  show  in  the  relatively  large  mass 
of  tissues  which  the  ordinary  female  pelvis 
presents. 

The  normal  tubes  are  not  seen  as  a  separ- 
ate or  recognizable  shadow.  They  apparentlv 
are  component  parts  of  the  broad  I'gament 


and  encroached  upon  by  what  appears  to  be 
inflammatory  tissue  and  cicatrix. 

The  normal  ovaries  apparently  are  not 
seen.  They  probably  lie  on  the  postero-lat- 
eral  aspect  of  the  uterus  slightly  below  the 
e(|uator  so  that  they  form  an  integral  part 
of  the  uterine  shadow.  Their  position  is  ex- 
ceedingly difficult  to  verify  from  the  fact 
that  the  operation  is  invariably  undertaken 
in  the  Trendelenburg  position,  while  the 
roentgenogram  is  made  in  precisely  the  re- 


FiG.  4.  Bilateral  Tibal  and  Ovarian  Diseask. 


shadows.  When  distended  or  inflamed,  how- 
ever, they  become  conspicuous  as  tortuous 
shadows  on  the  posterior  surface  of  f^e 
broad  ligament  shadows,  possibly  obliterat- 
ing them  by  overriding,  or  as  pear-shaped 
shadows  in  the  postero-lateral  portions  of 
the  pelvis.  In  chronic  cases  the  picture  may 
be  much  confused  by  the  overlying  (adher- 
ent?) intestinal  coils.  The  distortion  pro- 
duced may  make  it  difficult  to  recognize  the 
shadow  of  the  uterus  and  almost  invariabh' 
the  posterior  cul-de-sac  is  much  contracted 


verse,  namely,  the  knee-chest  position,  and 
the  effect  of  gravity  would  be  to  carry  the 
ovaries  upward  rather  than  downward  and 
backward.  A  curious  observation  is  that  the 
ovarian  shadows  are  very  conspicuous  and 
easily  recognized  in  cases  of  retroversion  and 
"prolapse  of  the  appendages,"  evidently  be- 
ing carried  backward  by  the  pathological 
shortening  of  the  utero-ovarian  ligaments.  It 
is  also  worthy  of  note  that  a  refractory  re- 
troverted  uterus  which  cannot  be  replaced  by 
ordinarv  manipulation   appears  to   effect   a 
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spontaneous  reduction  and  is  represented  by 
an  enlarged  fundus  almost  in  the  axis  of  the 
pelvis  and  flanked  on  either  side  and  pos- 
teriorly by  the  conspicuous  ovaries  closely 
applied  to  its  postero-lateral  aspect. 

Ovaries  containing  small  cysts  have  been 
found  and  recognized  as  ovaries  although 
the  cystic  element  was  not  recognized. 
Larger  ovarian  cysts  produce  a  variable  pic- 
ture that  will  leave  one  rarely  in  doubt.  Con- 
siderable distortion  may  result,  as  in  the 
specific  case  of  a  young  girl  with  a  pendulous 
cystic  ovarA'  which  hung  apparently  almost 


the  direction  of  its  axis;  but  pathology  in 
this  neighborhood,  such  as  carcinoma  of  the 
cervix,  may  be  expected  to  escape  detection 
entirely  except  in  so  far  as  it  encroaches 
upon  the  structures  above  the  deepest  por- 
tions of  the  cul-de-sac. 

Enlargements  and  tumors  of  the  pelvic  or- 
gans cast  conspicuous  shadows  and  often 
rise  into  the  abdomen.  We  are  not  yet  ready 
to  formulate  any  comprehensive  set  of  rules 
for  their  differentiation,  because  of  the  pau- 
city of  our  data.  We  tentatively  offer  the 
observation  that  the  pregnant  uterus  casts 


Fig.  5.  Chronic  Pelvic  Inflammation.  Note  the  oI)litcratioii  l)y  adhesions  of  the 
posterior  cul-de-sac    and  the  distortion  of  the  broad  ligaments. 


in  the  exact  axis  of  the  uterus  so  that  the 
differentiation  of  its  shadow  was  impos- 
sible in  the  imperfect  state  of  our  knowledge 
at  that  time.  The  unusual  mobility  of  this 
cystic  ovarv  was  clearly  demonstrated  at 
operation. 

The  cervix  and  the  vagina,  as  well  as  all 
structures  in  the  pelvic  floor  which  lie  below 
the  level  of  the  peritoneal  pouches  behind  the 
broad  ligament,  are  entirely  undifferentiated, 
and  it  is  entirely  probable  that  considerable 
infiltration  of  the  soft  tissues  in  this  neigh- 
borhood will  leave  no  recognizable  evidence. 
The  insertion  of  a  helix  into  the  vagina 
serves  to  fix  the  position  of  this  cavity  and 


a  shadow  less  dense  than  myomata.  One  gets 
the  impression  of  a  high  degree  of  elasticity, 
and  the  enlargement  of  the  isthmus,  or 
supracervical  portion,  of  the  uterus  as  seen 
in  cross  section,  as  well  as  the  broadening  of 
the  broad  ligaments,  is  more  conspicuous  in 
pregnancv  than  with  tumors.  Incidentally  the 
shadow  of  the  fundus  of  the  uterus  is  not 
differentiated  once  it  is  out  of  the  true  pelvis, 
akhough  its  anterior  surface  at  the  plane  of 
its  inflection  can  sometimes  be  seen  imme- 
diately behind  the  pubic  bone.  In  fibroid  of 
the  uterus,  on  the  other  hand,  the  cross  sec- 
tion of  the  isthnuis  is  not  enlarged,  the  mass 
has  considerably  greater  density,   and  does 
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not  appear  to  be  flattened  out  as  in  the  case 
of  the  pregnant  uterus. 

It  would  be  an  obvious  error  to  attach  any 
great  weight  or  authority  to  the  above  hasty 
generalizations  on  so  few  observed  cases.  We 
have  found  that  a  diagnosis  is  anything  but 
easy,  and  continue  to  meet  with  a  discourag- 
ing number  of  disappointments.  The  find- 
ings, however,  are  so  striking  and  the  stereo- 
scopic picture  so  intriguing  that  we  cannot 
refuse  to  entertain  the  hope  that  reliable  cri- 
teria of  interpretation  will  be  developed  by 
a  continuation  of  these  studies.  Both  Dr. 
Peterson  and  myself  are  planning  later  com- 
munications on  the  results  of  this  work  as 
soon  as  reliable  conclusions  seem  justified. 

Even  though  the  method  can  be  developed 
to  the  point  where  a  reliable  judgment  is 
possible  on  the  part  of  the  roentgenologist. 


it  is  not  at  all  certain  that  his  opinion  will  be 
of  material  diagnostic  assistance  to  the 
gynecologist,  since  he,  the  gynecologist,  is 
already  fairly  competent  to  reach  a  satisfac- 
tory conclusion  by  bimanual  palpation. 
However,  several  instances  in  which  inter- 
esting, if  not  essential,  information  was  ob- 
tained, seem  to  warrant  the  expectation  that 
the  method  will  find  a  legitimate  application 
in  selected  cases  and  furnish  a  common  inter- 
est with  still  another  specialized  branch  of 
modern  surgery  with  which  we,  as  roent- 
genologists, have  heretofore  found  few 
points  of  contact. 

[Note.  The  discussion  of  this  and  other  pa- 
pers relating  to  Artificial  Pneumoperitoneum 
presented  at  the  Twenty-first  Annual  Meeting 
will  follow  the  publication  of  the  entire  series.] 
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divergence  of  the  rays,  and  practically  noth- 
ing was  known  about  the  lethal  dose  of  dif- 
ferent types  of  malignant  cells.  Most  radiol- 
ogists compared  everything  with  the  amount 
of  radiant  energy  necessary  to  destroy  ro- 
dent ulcer;  and  when  the  squamous  cell 
epithelioma,  axillary  nodes  and  a  cancerous 
mass  in  the  breast  did  not  disappear  under 
.r-ray,  the  radiation  was  considered  useless. 
The  real  fact  was  that  a  lethal  dose  had  not 
been  given. 

Radiation  for  the  treatment  of  carcinoma 
of  the  breast  has  been  so  changed  by  imbed- 
ding radium  that  where  only  superficial  skin 
effects  were  formerly  produced,  now  cancer- 
ous tissue  deeper  than  that  which  can  be 
removed  by  the  knife  can  be  destroyed  with- 
out opening  the  lymphatic  chains.  Before  im- 
bedding radium  1  always  give  surface  ap- 
plications in  the  axilla  and  over  the  glands 
below  the  clavicle,  and  I  give  a  complete 
course  of  heavy  filtered  .r-ray  treatment  to 
the  breast  and  all  the  glands  draining  it.  This 
checks  cell  proliferation  and  lessens  the  dan- 
ger of  metastases  when  the  breast  and  ad- 
jacent lymphatics  are  speared  and  radium 
inserted.  It  is  generally  agreed  that  it  re- 
quires from  two  to  four  weeks  to  check  cell 
proliferation.  It  has  been  shown  that  the 
lymphatics  begin  to  undergo  a  fibrosis  at  the 
end  of  the  fourth  week  and  that  the  caliber 
of  the  lymphatic  vessels  are  smaller  than  be- 
fore treatment  was  given.  It  seems  just  as 
advisable  to  give  surface  treatment  before 
imbedding  radium  as  before  operation.  Some 
few  surgeons  are  now  advising  ante-opera- 
tive treatment,  and  if  they  would  include 
imbedding  radium  and  remove  less  tissue, 
thereby  leaving  the  sclerosed  lymphatic  tis- 
sue as  a  barrier  against  cancer  cells,  I  feel 

"Read  at  the  Twenty-first  Annual  Meeting  of  The  American  Roentgen    Ray   Society,    Minneapolis,    Minn.,    Sept.    1-1-17,    1920. 

20 


T  N  all  the  progress  made  in  recent  years  in 
-*-  radiotherapy,  nothing  has  been  evolved 
of  such  significant  import  in  the  treatment 
of  carcinoma  of  the  breast,  as  the  advanced 
method  of  imbedding  radium,  with  its  mani- ' 
fold  and  varied  advantages  and  possibilities 
in  deep  therapy.  By  imbedding  radium 
throughout  the  entire  breast,  in  the  axilla, 
into  the  glands  leading  from  the  breast  to 
the  axilla  and  into  the  glands  below  the 
clavicle,  it  is  now  possible  to  make  radiation 
for  carcinoma  of  the  breast  as  thorough  as  a 
radical  dissection  without  opening  the  lymph 
channels.  Supplementing  Coolidge  .r-ray 
treatment  to  the  twenty  or  more  lymphatic 
chains  draining  the  breast,  using  lo  mm.  of 
aluminum  and  cross-firing  as  much  as  pos- 
sible, there  is  completed  the  most  advanced 
and  most  effective  treatment,  which  is  in 
marked  contrast  to  the  treatnient  given  fif- 
teen or  twenty  years  ago  with  a  compara- 
tively low  penetrating  gas  tube,  using  no  fil- 
tration or  meters  for  giving  exact  dosage, 
and  thus  administering  only  superficial  ra- 
diation when  deep  treatment  was  necessary. 
In  the  early  days  of  radiotherapy  a  deep 
lethal  dose  could  not  be  given  without  pro- 
ducing superficial  ulceration  or  necrosis.  By 
imbedding  radium  a  lethal  dose  can  be  given 
without  any  effect  on  the  skin.  Besides  the 
subcutaneous  tissue  will  tolerate  from  three 
to  five  times  as  much  radiation  as  the  skin. 
The  result  of  radium  in  malignancy  depends 
upon  whether  a  lethal  dose  is  given.  For- 
merly it  was  concluded,  because  our  best 
radiograms  were  taken  with  comparatively 
low  tubes,  that  this  form  of  radiant  energy 
was  the  most  suitable  for  deep  therapy. 
Almost  every  one  overlooked  the  loss  of 
energy  by  absorption  in  the  tissues  and  by 
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sure  that  the  end  results  would  be  better,  at 
least  in  borderline  cases ;  that  is,  there  would 
be  fewer  recurrences,  and  if  a  recurrence  did 
take  place  it  would  be  considerably  later  than 
when  the  operation  precedes  radiation. 

Imbedding  radium  in  the  treatment  of  car- 
cinoma of  the  breast  is  a  step  in  advance,  but 
the  number  of  cases  treated  by  this  method 
are  not  sufficient  and  its  use  is  of  too  short 
duration  to  speak  about  anything  but  tem- 
porary results.  Even  in  some  of  the  ad- 
vanced cases  the  disease  in  the  breast  and  the 
glands  appears  to  have  retrogressed,  clini- 
callv.  Of  course  in  some  cases  there  is  still 
thickening  due  to  the  fibrosis  from  the  radia- 
tion. Not  enough  cases  have  been  oper- 
ated upon  to  give  definite  histological 
changes.  In  the  inoperable  cases  we  were  in- 
clined to  leave  well  enough  alone,  and  in 
the  early  cases  each  one  has  refused  opera- 
tion. ]\Iv  advice  has  been,  even  in  the  ad- 
vanced cases,  where  the  disease  has  clinically 
receded,  to  have  the  breast  removed  with- 
out opening  the  axilla ;  but  to  my  extreme 
disappointment,  in  almost  every  advanced 
case  that  I  turned  over  to  the  surgeon  he 
opened  the  axilla,  and  when  the  patient  re- 
turned, almost  without  exception  she  had  a 
swollen  arm  and  was  in  much  worse  condi- 
tion than  before  operation.  I  feel  sure,  how- 
ever, that  if  we  could  have  the  surgeon  re- 
move only  the  breast,  thereby  taking  away 
the  unhealthy  mammary  gland,  the  patient 
would  be  greatly  benefited.  I  am  speaking  of 
the  advanced  or  inoperable  cases  which  have 
had  thorough  radiation,  and  not  the  early 
cases  which  we  are  advising  to  have  ante- 
operative  radiation.  Imbedding  radium  as 
described  takes  the  place  of  operation  in  ad- 
vanced cases,  and  as  before  stated,  the  re- 
moval of  the  breast  is  all  that  is  advised. 

It  is  imperative  that  every  therapeutist 
should  make  a  comprehensive  study  of  the 
lymphatics  draining  the  breast  before  he  at- 
tempts to  treat  mammary  carcinoma.  The 
lymphatic  supply  to  the  breast  is  greater  than 
to  almost  any  other  organ  of  the  body.  A 
study  of  the  lymphatic  and  bone  metastases 
will  show  that  although  the  case  is  operated 


on  early,  the  raying  of  the  line  of  incision, 
axilla  and  supraclavicular  region  is  very  in- 
complete. 

Deaver's  classification  in  regard  to  end 
results  are  probably  as  near  correct  as  that 
of  any  other  author  and  should  be  studied 
by  the  surgeon  and  radiotherapeutist.  He 
says:  "It  has  been  stated  that  80  per  cent 
of  patients  in  whom  the  disease  is  confined 
to  the  breast,  as  proved  by  both  microscopic 
and  macroscopic  examination  of  the  tissues 
adjacent  to  this  organ,  are  permanently 
cured  of  their  disease  by  the  radical  opera- 
tion. Therefore,  a  patient  presenting  a  small 
movable  mass  localized  in  the  breast  can  be 
assured  that  four  out  of  five  cases  of  a  simi- 
lar nature  are  cured  by  operation.  When 
axillary  lymph  nodes  are  palpably  enlarged 
as  the  result  of  metastases,  the  chances  of 
operative  cure  are  at  once  diminished  to  one 
in  five." 

This  deduction  is  practically  the  same  as 
that  of  Halstead,  who  says  that,  notwith- 
standing the  present  day  extensive  operation, 
death  from  metastases  occurred  in  23.4  per 
cent,  even  in  cases  with  a  microscopic  nega- 
tive axilla.  Deaver  cjuestions  whether  as 
much  palliation  is  received  from  operative 
as  from  non-operative  methods,  and  ex- 
presses his  general  dissatisfaction  with  oper- 
ation of  a  palliative  nature  in  the  treatment 
of  carcinoma  of  the  breast,  since  in  certain 
cases  the  disease  has  been  excited  to  greater 
activity  by  an  incomplete  operation,  and  the 
life  of  the  patient  considerably  shortened. 

In  this  connection  he  mentions  the  unre- 
served statement  of  Bloodgood,  "that  incom- 
plete operation  hastens  death." 

The  above  quotation  which  is  taken  from 
Deaver's  carefully  prepared  volume,  "The 
Breast,  its  Anomalies,  its  Diseases  and  their 
Treatment,"  should  receive  more  attention 
from  the  medical  profession. 

The  prognosis  and  treatment  of  mammary 
carcinoma  can  be  estimated  only  after  con- 
sideration of  many  factors.  Hanley  consid- 
ers operation  contra-indicated  when  there  is 
extensive  ulceration  and  when  the  tumor  is 
adherent  to  the  chest  wall ;  when  axillary 
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nodes  are  flexed  ;  when  there  is  supraclavicu- 
lar involvement  and  when  there  is  indication 
of  distant  metastases.  When  the  axillary 
glands  are  palpable  there  are  very  few  cures 
by  surgery  alone  without  radiation,  even 
when  the  axillary  nodes  are  not  palpable ; 
and  when  the  glands  are  found  to  contain 
cancer  cells  microscopically  only  about  20 
per  cent  of  the  cases  are  cured  at  the  end  of 
five  years.  Greenough  claims  that  when  the 
axillary  nodes  are  palpable,  12  per  cent  were 
cured  by  operation,  and  Finsterer  stated  4.3 
per  cent.  Ewing  believes  the  latter  represents 
the  average  success  by  surgery,  which  means 
that  a  woman  who  has  a  well  established 
cancer  of  the  breast,  with  palpable  axillary 
nodes,  has  one  chance  in  twenty-five  of  be- 
ing cured  bv  operation.  Therefore,  in  cases 
of  this  class  it  is  not  too  much  to  advise  im- 
bedding radium  and  giving  a  thorough 
course  of  radiation  before  the  removal  of 
the  breast. 

The  clinical  and  pathological  studies  of 
cancer  of  the  breast  have  shown  that  both 
surgery  and  radiotherapy  meet  with  many 
difficulties  and  uncertainties.  The  anatomical 
types  are  so  many,  the  variations  of  the 
clinical  course  are  so  wide,  the  paths  of  dis- 
semination so  diverse  and  the  difficulty  of 
determining  the  actual  condition  so  complex, 
that  giving  a  lethal  dosage  is  difficult.  Since 
Deaver  and  Bloodgood  both  claim  that  an 
incomplete  operation  hastens  death,  there  is 
good  reason  for  advocating  the  imbedding 
of  radium  into  the  breast  and  into  the  adja- 
cent lymphatics  wherever  possible.  A  study 
of  autopsies  shows  that  almost  any  organ  of 
the  body  may  metastasize  from  cancer  of 
the  breast,  and  however  closely  confined  to 
the  superficial  tissues  the  growth  seems  to 
be,  no  one  can  tell  where  the  cancer-grown ng 
edge  may  extend ;  although  unappreciable 
by  ordinary  methods  of  examination,  it  is 
just  as  definite  as  ringworm.  This  shows  us 
that  even  in  the  early  cases  no  lymphatic 
chain  should  be  omitted  when  raying  the  lym- 
phatics with  a  Coolidge  A'-ray  tube,  and  as 
much  cross-firing  should  be  used  as  possible. 
In  an  article  which  I  read  before  this  societv 


in  1 91 7,  I  described  the  glandular  distribu- 
tion of  the  breast  and  the  method  of  raying 
with  a  Coolidge  A'-ray  tube.  Since  then  I 
have  been  using  10  mm.  of  aluminum,  giving 
from  fifteen  to  twenty  minutes'  exposure.  At 
that  time  I  made  the  statement  that  "we  are 
all  looking  for  some  means  by  which  the 
skin  will  tolerate  larger  doses."  This  has  to 
a  certain  degree  been  accomplished  by  im- 
bedding radium  and  using  heavier  filtered 
A--rays. 

After  cancer  cells  have  reached  the  axil- 
lary nodes,  the  disease  soon  becomes  gener- 
alized, and  tissue  in  almost  any  part  of  the 
body  may  become  involved.  If  we  had  an 
A'-ray  microscope  and  it  were  possible  to  give 
a  lethal  dose  to  all  cancer  cells,  the  end  re- 
sult would  be  different.  When  it  is  impossible 
to  give  a  lethal  dose,  palliation  and  prolonga- 
tion of  life  is  obtained  in  nearly  all  cases. 
Less  than  a  lethal  dose  will  usually  stop  cell 
proliferation,  produce  a  fibrosis  of  the  lym- 
pliatics  and  obstruct  or  obliterate  the  lym- 
pliatic  vessels,  thereby  checking  cancer  dis- 
semination. In  fact,  radiation  changes  the 
character  of  the  disease,  transforming  it  into 
more  of  a  scirrhus  form,  by  decreasing  glan- 
dular cells  and  increasing  the  fibrous  stroma. 
This  mechanical  choking  clinically  seems  to 
influence  the  constitutional  resistance  of  a 
patient.  The  same  difficulty  is  not  encoun- 
tered in  giving  a  lethal  dose  when  radium  is 
imbedded  in  cancerous  tissue  as  when  deep 
seated  metastases  are  treated  either  by  sur- 
face applications  of  radium  or  .I'-ray. 

In  calculating  the  filtration  and  the  num- 
ber of  ports  of  entry  or  the  amount  of  cross- 
firing  necessary  to  give  a  lethal  dose  to  met- 
astatic lymphatic  glands,  it  is  necessary  not 
only  to  know  the  anatomical  situation,  but 
we  must  know  the  depth  and  density  of  the 
overlying  structures.  It  makes  cjuite  a  dif- 
ference whether  the  glands  are  situated  one- 
half  inch  or  four  inches  from  the  surface. 
The  erythema  dose  in  carcinoma  of  the 
breast  is  very  seldom  the  lethal  dose.  The 
lethal  dose  is  from  three  to  six  times  the 
amount  of  the  erythema  dose.  Therefore,  if 
a  surface  ervthema  dose  is  given  and  the 
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disease  is  four  inches  below  the  surface  of 
the  skin,  the  loss  of  radiant  energy  by  di- 
vergence of  the  rays  and  absorption  of  the 
tissues  with  an  ,r-ray  tube  placed  eight  inches 
from  the  surface  with  the  equation  used,  is 
about  one-ninth;  or  in  other  words,  only 
about  one-ninth  of  the  surface  radiation 
reaches  four  inches  below  the  surface  of  the 
skin.  Then  if  the  lethal  dose  is  from  three  to 
six  times  the  erythema  dose,  it  can  be  readily 
seen  that  when  only  one  port  of  entry  is 
used  the  treatment  would  be  useless.  For- 
merly, too  many  were  satisfied  with  the  re- 
moval of  the  visible  part  of  the  disease.  The 
degree  of  malignancy  is  no  guide  to  the 
amount  of  radiation  determining  its  lethal 
dose.  On  account  of  rodent  ulcer  growing 
slowly  and  responding  to  small  amounts  of 
radiation,  these  circumstances  led  many  to 
believe  that  a  lethal  dose  was  determined  by 
the  degree  of  malignanc}^  of  a  tumor.  Medul- 
lary carcinoma  may  respond  more  readily 
to  radiation  than  the  scirrhus  type,  but  it 
grows  more  rapidly  and  invades  the  glands 
early,  so  if  a  cure  or  even  an  inhibitory  ef- 
fect of  the  disease  of  this  type  takes  place, 
both  the  local  tumor  and  metastases  must  be 
given  sufficient  radiation.  If  results  are  going 
to  be  produced  in  the  medullarv  type,  the 
cancer  cells  must  show  effect  within  three 
or  four  weeks,  and  fibrous  tissue  must  be 
forming  at  the  end  of  this  time.  In  the  scir- 
rhus type,  the  fibroid  formation  has  already 
taken  place  by  nature's  process. 

When  we  speak  of  the  lethal  dose  of  ra- 
diation, we  refer  to  direct  action  on  malig- 
nant tissue;  but  there  is  an  indirect  effect  of 
radiation  on  malignant  cells  by  the  forma- 
tion of  fibrosis  which  starts  to  form  three  or 
four  weeks  later.  Both  are  important,  and  a 
lethal  dose  should  be  given  whenever  pos- 
sible, but  less  than  a  lethal  dose  sickens  the 
malignant  tissue,  as  Mayo  expresses  it,  and 
starts  the  formation  of  fibrous  tissue  which 
is  a  barrier  against  the  disease.  In  locations 
where  radium  can  be  buried  a  lethal  dose  can 
nearly  always  be  given,  but  in  the  treatment 
of  deep  metastatic  glands  we  may  be  com- 
pelled to  depend  upon  both  the  direct  and 


indirect  effect  of  radiation  on  malignant 
cells.  Therefore,  when  carcinoma  of  the 
breast  is  so  far  advanced  that  a  cure  cannot 
be  expected,  the  patient  should  have  all  the 
palliation  possible  from  both  the  direct  and 
indirect  effects  of  radium  and  ;ir-ray. 

In  a  tumor  that  does  not  respond  readily 
to  radiation  there  is  more  necrosis  and  less 
absorption  when  a  lethal  dose  is  given.  In 
two  cases  in  which  the  mass  in  the  breast 
was  hard  and  of  long  duration,  the  growth 
was  walled  off,  and  when  the  breast  was 
speared,  broken-down  non-offensive  material 
came  out  through  the  trocar.  This  was  due 
to  heavy  surface  applications  of  radium.  In 
each  of  these  cases  a  clinical  cure  was  ob- 
tained after  imbedding  radium,  and  the  nor- 
mal tissue  was  not  injured  in  either  case. 

The  ability  to  classify  cases  requires  clini- 
cal experience  and  forms  an  important  part 
of  the  training  of  the  radiologist.  The  ques- 
tion of  large  dosage  altering  normal  tissue 
after  the  reaction  has  disappeared  is  an  im- 
portant factor,  and  this  alteration  of  tissues 
will  not  permit  the  normal  tissue  to  bear  so 
well  a  second,  third  or  fourth  exposure.  The 
normal  tissues  are  usually  injured  by  a  fre- 
quent repetition  of  the  radiation,  while  the 
cancerous  tissue,  if  any  remains,  may  not 
retrogress  in  a  proportional  degree.  In  fact, 
the  cancer  cell  and  normal  tissue  may  react 
in  about  the  same  degree,  or  there  may  be  a 
reversal  of  the  primary  susceptibility.  This 
shows  the  advantage  of  imbedding  radium 
wherever  possible  after  a  maximum  surface 
dosage  has  been  given. 

The  method  I  have  adopted  is  to  give  a 
thorough  course  of  Coolidge  ,r-ray  treatment 
to  all  the  glands  draining  the  breast,  using 
the  following  equation".  10  mm.  aluminum, 
8  inch  tube  distance,  five  milliamperes  of 
current,  nine  inch  spark-gap  and  from  fifteen 
to  twenty  minutes'  exposure.  A  constant 
voltage  is  difficult  to  obtain.  The  pastille  ery- 
thema dose  is  very  unreliable  and  is  not  as 
accurate  as  the  milliampere  dose,  using  the 
different  types  of  transformers  with  a  fluctu- 
ating voltage.  Calculations  based  upon  false 
assumptions  have  been  very  misleading,  and 
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in  giving  a  lethal  dose  exact  standards  must 
be  employed.  In  many  of  the  cases  the  breast 
and  axilla  receive  a  maximum  dose  from  ra- 
dium packs  before  imbedding  radivun. 

Two  or  four  weeks  after  surface  applica- 
tions I  have  been  imbedding  lo  mg.  radium 
needles  (vanadium  steel  needles,  thickness 
of  wall  .35),  placing  them  i  cm.  apart, 
and  giving  from  five  to  eight  hours'  expo- 
sure. In  some  cases  this  produced  a  slight 
inflammatory  reaction,  but  in  no  case  has 
necrosis  taken  place.  I  may  say  that  I  started 


over  three  years  ago — most  reluctantly — to  ■ 
imbed  radium  in  more  superficial  lesions;  I 
can  now  indorse  this  technique  as  presenting 
many  points  of  advantage  over  surface  ap- 
plication in  the  treatment  of  many  forms  of 
malignant  lesions,  but  it  will  not  take  the 
place  of  the  Coolidge  .^--ray  tube  in  the  treat- 
ment of  distant  and  deep  metastases. 

[Note.  The  discussion  of  this  and  other  pa- 
pers relating  to  Therapy  presented  at  the 
Twenty-first  Annual  Meeting  will  follow  the 
publication  of  the  entire  series.] 


DISLOCATION  OF  THE  CARPAL  SCAPHOID 

By  T.   S.  BONNEY,  D.D.S 

ABERDEEN,  SOUTH  DAKOTA 


np  HERE  is  very  little  to  be  found  in  the 
-*■  literature  relative  to  dislocations  of 
the  carpal  bones  except  that  the  condition  is 
very  rare;  and  the  following  case  seems 
worthy  of  report  for  that  reason.  I  was  priv- 
ileged to  make  the  .r-ray  plates  of  this  case 
through  the  courtesy  of  Dr.  C.  E.  McCauley 
of  this  citv. 


Mr.  L.  J.,  age  twenty-one,  suffered  a  fall 
from  a  horse  on  October  15th,  striking  on 
his  right  hand,  and  was  seen  by  Dr. 
McCauley  October  17th,  at  which  time  the 
-I'-ray  examination  of  the  wrist  was  made  by 
myself. 

The  accompanying  cuts  show  clearly  the 
dislocation  of  the  bone  in  cjuestion. 


Fig.  I.  Showing  Dislocation  of  the  Right  Carpal  Scaphoid. 


X-RAY   TREATMENT   OF   TONSILS   AND   ADENOIDS 


By  W.  D.  WITHERBEE,  M.D. 
Radiotherapist,  Presbyterian  Hospital 

NEW    YORK    CITY 


"POLLOWING  the  suggestion  of  Dr.  J.  B. 
-■-  Murphy/  I  treated  the  first  case  of  hy- 
pertrophied  tonsils  in  December,  191 9,  at  the 
Rockefeller  Institute  for  Medical  Research. 

This  case,  although  carefully  examined, 
revealed  no  changes  in  the  surface  size  or 
outline  of  the  tonsil,  until  the  fifth  week  fol- 
lowing treatment.  The  first  evidence  of  the 
effect  of  A"-ray  was  a  smoothing  out  of  the 
tonsillar  mucous  membrane,  which  very  soon 
resulted  in  a  glazed  and  somewhat  pale 
surface. 

This  was  followed  by  a  rather  rapid  de- 
crease in  size,  which  in  this  case  was  most 
apparent  in  the  left  tonsil.  At  the  end  of 
eight  weeks  the  left  tonsil  was  seemingly 
reduced  one  half  and  the  right  one  third. 

About  this  time  a  dose  similar  to  the  first 
was  given.  Since  then  and  up  to  the  present 
time  this  patient  has  had  no  further  trouble 
and  the  tonsils  are  apparently  now  both 
about  one  fourth  the  original  size. 

As  soon  as  the  effects  on  this  case  became 
conclusive  Dr.  S.  L.  Craig  and  I  started  a 
series  of  cases  which  numbered  in  all  about 
sixty  and  ranged  in  age  from  sixteen  months 
to  fifty  years. 

In  this  series  every  patient  was  required  to 
report  for  examination  weekly.  The  history 
of  each  case  was  taken,  a  blood  count  made, 
the  contents  of  the  crypts  plated  and  col- 
onies of  bacteria  counted.  A  drawing  of  the 
throat  and  tonsils  was  made  and  notes  were 
taken  each  time  in  regard  to  the  progress  of 
the  case.  Very  few  of  these  cases  received 
more  than  one  treatment,  as  we  wished  to 
determine  the  time  necessary  for  the  .I'-ray 
effects  on  the  tonsil,  and  thus  decide  on  the 
number  of  treatments  required  in  a  given 
case. 

The  amount  of  .r-ray  used  in  the  experi- 
mental series  of  sixty  cases  varied  from 
three  to  seven  minutes  time,  depending  on 


the  age  of  the  patient,  with  an  8  inch  spark- 
gap,  5  milliamperes  and  10  inches  distance, 
filtered  through  3  mm.  of  aluminum.  This 
dose  of  filtered  ;r-ray  is  less  than  the  stand- 
ard amount  used  for  the  past  twenty  years 
in  the  treatment  of  ringworm  of  the  scalp  in 
children,  which  fact  overcomes  the  possible 
objection  of  any  untoward  effects  on  adja- 
cent tissues  from  the  standpoint  both  of 
amount,  and  of  area  of  the  head  exposed. 

In  ringworm  of  the  scalp  five  exposures 
are  necessary  in  order  to  obtain  uniform  re- 
sults of  epilation.  Only  two  exposures  are 
necessary  in  each  treatment  of  tonsils,  and 
the  maximum  dose  used  is  i  ^  skin  units  ^  of 
filtered  ray,  which  corresponds  to  less  than 
I  skin  unit  used  in  temporary  epilation  of 
the  scalp  in  children.  It  is  generally  con- 
ceded by  most  writers  on  this  subject  that 
the  increased  size  of  the  tonsil  depends  di- 
rectly upon  the  increase  of  the  lymphatic 
tissue.  The  follicles  appear  larger  than  nor- 
mal, are  less  sharply  outlined,  and  usually 
the  germinal  centers  are  quite  prominent  and 
contain  numerous  mitotic  figures.  Occasion- 
ally the  lymphoid  cells  appear  to  overflow 
into  the  interfollicular  structures.  According 
to  Kelhrt  ^  the  hypertrophy  of  the  follicles 
appears  to  cause  distortion  of  the  crypts, 
thus  aiding  in  retention  of  the  crypt  contents. 

The  effect  of  .r-ray  on  lymphoid  tissue  in 
the  diseased  tonsil  is  exemplified  in  the  dia- 
grammatic representation  Figure  i.  The  de- 
structive action  of  A'-ray  on  the  cells  of  the 
Ivmph  follicles  of  both  the  lymphoid  and 
fibroid  tonsil  are  also  well  outlined. 

The  sections  taken  from  an  enlarged  ton- 
sil (Fig.  2)  and  the  two  made  of  tonsils 
enucleated  eight  weeks  and  four  months  af- 
ter one  massive  dose  of  .r-ray  (Fig.  4)  indi- 
cate the  cause  of  the  shrinkage  of  the  tonsil 
and  expulsion  of  crypt  contents. 

The  selective  action  of  x-rnxs  on  embry- 
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onic  tissue  or  its  effect  on  the  cell  in  certain 
phases  of  mitosis  are  the  usual  methods  of 
describing  ;r-ray  effects  on  diseased  cells  as 
compared  with  normal  cells. 
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Fig.  I.  I.  Standard  Lymph  Follicle,  ii.  Lymphoid 
Hypertrophy,  iii.  Fibrous  Hypertrophy,  iv.  Effects 
of  X-Ray  on  Lymph  Follicles. 

The  destructive  action  of  .I'-rays  on  the 
cells  of  these  enlarged  lymph  follicles  might 
also  be  explained  on  the  ground  of  their  hav- 
ing been  stimulated  to  excessive  cell  prolif- 
eration to  such  an  extent  that  there  remains 
less  resistance  to  the  .t"-ray  than  in  the  nor- 
mal cell.  Therefore  this  difference  in  resist- 
ance would  account  for  the  small  dose  of 
jr-ray  necessary  to  destroy  these  pathogenic 
lymph  follicles  without  interfering  in  any 
way  with  the  normal  adjacent  cells. 


The  bacteriological  report  embodied  in  the 
following  table  indicates  the  possibilities  of 
the  bacterial  cryptic  contents  after  one  mas- 
sive dose  of  .r-ray.  This  case  and  a  few 
others  examined  three  months  after  .r-ray 
treatment,  showed  negative  cultures  for 
pathogenic  bacteria.  The  results  in  all  cases 
were  not  as  clean-cut  as  in  this  case.  This 
might  be  explained  by  the  fact  that  in  passing 
the  platinum  loop  into  the  crypt  no  method 
has  as  yet  been  devised  whereby  the  surface 
of  the  tonsil  can  be  rendered  sterile  in  order 

TABLE  I 

March  3,  ig20 
Right  Tonsil,  24  hrs.,     50  Colonies  of  Hemo.  Strep. 


Staph. 
Strep. 

Staph. 
Strep. 

Staph. 


March  17,  ig20 — 2ud  Week  Ajtcr  X-Rays 

Right  Tonsil,  24  hrs.,  Xo  Colonies  of  Homo.  Strep. 

"             "         24     "         "           '■            "  "       Strep. 

No         "            "  "      Staph. 

Left  Tonsil        24     "         "           "            "  "       Strep. 

"             "         48     "         "           "            "  "       Strep. 

No        "           "  "      Staph. 

Vault,                 24     "       No         "             '  "       Strep. 

48     "         "           "            "  "       Strep. 

No        "           "  "      Staph. 


48     " 

100 

50 

Left  Tonsil 

-24     " 

50 

48     " 

50 

50 

\'ault 

•24     " 

50 

48     " 

50 
150 

.-  ..j-i. 


Fig.  2. 


Fig.   3. 
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to  avoid  contamination  from  the  mucous 
membrane.  However,  this  can  readily  be  ac- 
complished with  enucleated  tonsils  by  dip- 
ping them  for  one  minute  in  boiling  water. 
Thirtv-two  out  of  thirty-six  cases  showed 
negative  cultures  for  pathogenic  bacteria 
four  weeks  after  one  massive  dose  of  .r-ray. 
Figure  5  illustrates  the  diminution  in  size 
and  characteristic  changes  in  the  surface  of 


sil  as  shown  in  Figure  7  but  also  include  the 
right  tonsil  and  adenoids  as  the  rays  pass  on 
through  the  opposite  side  of  the  head  and 
neck. 

This  position  can  be  assumed  b)-  the  adult 
patient  with  the  proper  placing  of  pillows  or 
cushions  without  the  use  of  restraining 
straps  and  board  so  essential  in  the  treatment 
of  young  children. 


3porrs 


2   weeks     later 


¥\i,.    4. 

the  tonsil  at  various  periods  of  time  after 
one  massive  dose  of  .r-ray. 

.r-RAY  TECHNIQUE 

Figures  6  and  7.  illustrating  the  position 
and  immobilization  of  the  younger  patients 
give  a  much  better  idea  of  the  practical  ap- 
plication of  the  .r-ray  than  the  most  accur- 
ate description.  Figure  6  represents  a  board 
4  feet  long,  10  inches  wide  and  i  inch  thick 
over  all.  The  longest  piece  for  the  support 
of  the  body  is  3  feet.  The  head  piece  is  i  foot 
by  10  inches  and  i  inch  thick  with  a  bevelled 
opening  2^  inches  in  diameter.  This  open- 
ing prevents  undue  pressure  and  discomfort 
of  the  ear.  The  distance  from  the  table  level 
to  the  apex  of  the  angle  made  by  the  union 
of  the  head  piece  and  body  support  is  33^ 
inches.  This  angle  and  inclining  head  board 
not  only  give  the  position  necessary  for  the 
direct  exposure  of  the  adenoids  and  left  ton- 


:r  ■  8  v/eeks    later 

Fig.    5. 

Bv  maintaining  the  above  position  and 
placing  the  .r-ray  tube  at  the  proper  angle  in 
both  children  and  adults  it  is  evident  that 
each  tonsil  and  the  adenoids  receive  two 
doses  of  .r-ray. 

The  opening  in  the  lead  foil,  as  in  Figure 
7,  should  be  not  less  than  3  inches  by  2^/2 
inches  for  the  average  case.  Figure  8  repre- 
sents the  area  of  exposure,  and  illu.strates 
the  area  and  position  of  the  patient  when  a 
third  exposure  is  considered  necessary  for 
cases  with  extensive  growth  of  adenoids. 

DOSAGE 

In  the  experimental  series  of  si.xty  cases 
treated  at  the  Institute  the  following  factors 
were  used  with  3  mm.  of  aluminum:  8  in. 
Sp.  Gap.  5  M  A  10  in.  D  and  from  3  to  7 
minutes  time  for  each  exposure  depending 
on  the  age  of  the  patient. 

From  the  experience  with  these  cases  and 
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DANGERS  OF  FAULTY  TECHNIQUE 


subsequent  treatment  of  other  cases,   frac- 
tional dosage  seems  to  promise  better  and 
more  uniform  results  than  the  single  massive         Before  leaving  the  subject  of  dosage  it  is 
dose  used  in  the  above  series.  necessary  to  point  out  clearly  that  anyone 


Fig.   6. 


Fig.   7. 


It  therefore  seems  advisable  to  give  each 
case  at  least  four  treatments  as  a  minimum 
using  the  following  factors  every  two  weeks: 
7  in.  Sp.  Gap.  5  M  A  10  in.  D  and  3  min.  18 
sec.  time  through  3  mm.  of  aluminum.  These 
factors  give  i  skin  unit  of  filtered  rav,  which 


Fig.   8. 

corresponds  to  Yz  skin  unit  unfiltered  in  ef- 
fect on  the  skin.  The  same  result  may  be 
obtained  by  producing  i  skin  unit  of  filtered 
ray  with  a  6,  8  or  9  inch  spark  gap  ^  5  M  A 
10  in.  D  with  3  mm.  of  aluminum,  or  if  nec- 
essary I  mm.  of  aluminum  could  be  used  in- 
stread  of  3  mm.  to  save  time,  especially  with 
the  small  (2  K  W)  interrupterless  machines 
where  a  6  inch  gap  is  maximum.  The  factors 
for  I  skin  unit  with  i  mm.  of  aluminum 
would  be  6  in.  Sp.  Gap  5  M  A  10  in.  D  and  2 
min.  41  sec.  time.^ 

The  next  best  method  would  be  two  or 
three  massive  doses  given  with  four  to  six 
weeks  intervals. 


contemplating  carrying  out  this  technique 
who  does  not  thoroughly  understand  the  part 
played  by  each  of  the  four  factors  of  dosage 
and  who  has  not  mastered  his  machine  and 
tube  so  that  all  four  factors  are  constantly 
maintained  throughout  the  exposure  will 
sooner  or  later  produce  an  .t'-ray  burn  with 
its  consequent  permanent  deformity  and  ten- 
dency to  epitheliomatous  degeneration.  The 
only  contra-indications  to  the  immediate  use 
of  .r-ray  are:  recent  radiographs  of  the  re- 
gion to  be  exposed ;  recent  .r-ray  treatment ; 
the  external  application  of  any  liniment, 
ointment  or  lotion  other  than  vaseline,  lano- 
lin or  cold  cream.  It  does  not  seem  advisable 
to  give  .r-ray  treatment  during  the  active 
stage  of  an  acute  infection  or  immediately 
after  applying  nitrate  of  silver,  iodine  or  any 
local  irritant  to  the  tonsil. 

With  the  present  day  methods  of  measur- 
ing .r-rav  dosage  and  the  constancy  of  the 

Coolidge  tube  and 
interrupterless  ma- 
chine, the  dangers 
of  the  gas  tube  and 
the  .I'-ray  coil  are 
practically  elimin- 
ated. A  Doctor's  de- 
gree, years  of  ex- 
perience in  nose  and 
throat,  or  even  in 
radiography  (.r-ray 
plates),  do  not  au- 
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tomatically  fit  any  one  for  the  practice  of 
^-ray  therapy. 

On  the  other  hand  if  the  treatment  is 
properly  given  as  indicated,  and  the  time 
lessened  in  both  the  massive  and  fractional 
methods  of  dosage  in  accordance  with  the 
age  of  the  patient,  there  is  not  the  sHghtest 
danger  of  injuring  the  skin  or  any  of  the  ad- 
jacent structures,  as  exemplified  in  the  re- 
sults obtained  for  the  past  twenty  years  in 
the  treatment  of  ringworm  of  the  scalp.  The 
immediate  and  after-effects  of  excision  of 
the  tonsil  seem  severe  as  compared  with  the 
x-vs.y  treatment,  which  may  produce  dryness 
of  the  throat  and  a  feeling  of  stiffness  in  the 
muscles  of  the  neck.  These  symptoms  are 
only  apparent  to  the  sensitive  individual 
when  the  massive  dose  is  used. 

The  extent  of  any  after-effects  of  discom- 
fort might  be  explained  by  citing  the  case  of 
a  young  man  to  whom  I  gave  three  massive 
doses  between  4  and  5  p.  m.,  and  that  night 
he  won  the  one-mile  amateur  championship 
in  a  local  armory. 

Recently  Dr.  Thomas  R.  French  "*  has  em- 
phasized the  presence  of  chronic  infectious 
material  in  the  crypts  of  the  infratonsillar 
nodule  as  a  possible  source  of  systemic  infec- 
tions, and  advocates  their  removal  even 
though  the  operation  is  more  extensive  than 
that  of  tonsillectomy. 

The  infratonsillar  nodules  or  tonsillar 
branches  (Fig.  9)  may  overlap  the  under 
surface  of  the  posterior  lateral  halves  of  the 
inferior  lobes  of  the  tonsil. 

Those  structures  frequently  referred  to  as 
infiltrates  or  recurrent  tonsils  are  really 
nothing  more  than  extended  and  expanded 
ends  of  these  lymphoid  bodies.  The  fossa,  or 
space  between  the  pillars  left  after  removal 
of  the  tonsil,  may  be  subsequently  filled  by 
the  infratonsillar  lymph  nodule  with  its  in- 
fected crypts.  The  infratonsillar  nodes  may 
progress  in  size  as  the  tonsils  themselves 
diminish  or  atrophy.  Those  nodes  in  some 
cases  may  be  larger  than  their  associated 
atrophied  tonsil. 

If  the  infratonsillar  nodule  with  its 
pharyngeal  and  lingual  branches    (Fig.   9) 


exhibits  all  the  characteristics  both  patho- 
logically and  histologically  of  the  tonsil  as 
indicated  in  the  above  article  *  with  the  re- 
sults so  far  obtained  with  .r-ray  on  tonsillar 
tissues,  does  it  not  seem  reasonable  to  infer 
that  not  only  will  cases  treated  with  A--ray 
have  their  tonsils  reduced  and  crypts  evacu- 
ated, but  that  the  same  process  will  prevail 
in  the  infratonsillar  nodule,  thus  more  thor- 
oughly removing  the  focal  infection  than  by 
tonsillectomy  and  that  by  this  means  better 
results  will  be  obtained  in  combating  those 
systemic  infections  dependent  on  this  con- 
dition, namely,  rheumatism  endocarditis, 
chorea,  septicemia,  etc.  ? 

The  results  of  the  study  thus  far  open  up 
possibilities  of  the  .r-ray  in  connection  with 
tonsillar  disease.  One  hopeful  assistance  is 
in  the  diagnostic  value  in  determining  the 
relationship  between  the  focus  and  a  given 
systemic  infection,  more  especially  those  in- 
fections in  which  pain  is  a  prominent  symp- 
tom. If  the  bacteria  are  the  causative  factors 
of  such  pain,  it  would  stand  to  reason  that 
their  evacuation  would  be  followed  by  par- 
tial or  complete  relief.  In  such  an  event  the 
most  rational  treatment  could  be  definitely 
decided  upon.  Another  hopeful  assistance 
from  the  ,r-ray  is  to  be  considered  in  the  pos- 
sible evacuation  of  bacteria  from  the  crypts 
of  the  tonsil  in  carriers,  especially  those  of 
diphtheria  and  influenza.  For  it  is  hardly  to 
be  supposed  that  these  bacteria  would  recur 
after  such  evacuation  except  by  reinfection. 


CONCLUSIONS 


It  would  seem  probable  that  .I'-ray  treat- 
ment will  be  indicated  in  cases  of  diseased 
tonsils  and  infratonsillar  lymph-nodes  asso- 
ciated with  chronic  endocarditis  pericarditis, 
hemophylia,  or  any  co-existing  conditions 
which  contra-indicate  operation  or  an 
anesthetic. 

We  know  that  after  tonsillectomy  in  sub- 
jects above  the  sixth  or  eighth  year,  and  es- 
pecially in  adults,  there  still  remains  a  con- 
siderable and  possibly  a  vast  amount  of  dis- 
eased lymphoid  tissue  containing  pathogenic 
bacteria,  in  which  cases  it  would  seem  reas- 
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onable  to  believe  that  the  .r-ray  will  prove  to 
be  of  value. 

It  must  be  understood  that  this  paper  is 
only  suggestive,  and  that  the  permanency  of 
the  results  time  alone  will  determine.  But  the 
facts  in  so  far  as  the  experimental  work  has 
been  carried  out  are  presented. 
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AN   INEXPENSIVE   RADIUM   CAPSULE  HOLDER 


By  GEORGE  E.  PFAHLER,  M.D. 

PHILADELPHIA,    PENNSYLV.\NIA 


'  I  "'HERE  is  much  risk  in  handling  the 
-■-  capsules  containing  radium  element, 
and  in  the  process  of  screwing  these  capsules 
together  or  separating  them  there  is  unneces- 
sary exposure  of  the  fingers  to  danger.  Any 
device  that  will  help  to  keep  the  fingers  at  a 
distance  will  be  useful  and  will  lessen  dam- 
aging effects.  Several  capsule  holders  have 
already  been  designed,  but  each  one  will  fit 
only  the  caj^sule  for  which  it  has  been  made. 
I  therefore  searched  in  instrument  stores  and 
elsewhere,  but  linally  went  to  the  hardware 
store  where  I  found  a  chuck  which  is  103/2 
cm.  in  length  and  which  can  be  adjusted  to 
take  any  of  the  capsules  varying  from  4  to 
6.3  millimeters.  The  cost  of  this  chuck  is 
85  cents,  plus  the  labor  of  drilling  the  soft 
jaws.  It  is  necessary  to  drill  out  the  chuck  in 
its  central  portion  so  that  when  it  is  wide 
open  it  will  just  grasp  the  largest  sized  cap- 
sule. This  chuck  is  superior  in  my  experience 
to  the  instruments  made  costing  $12  to  $15. 
It  can  be  lengthened  as  much  as  desired  by 
setting  the  handle  into  a  wooden  handle 
(Fig.  i).  The  remainder  of  the  metal,  if  de- 
sired, may  be  covered  with  rubber.  Having 
just  spent  twenty-five  dollars  for  a  pair  of 
instruments  that  will  not  even  grasp  one  size 
of  capsule  satisfactorily,  I  naturallv  "en- 
thuse" over  the  above  little  instrument. 


FiG.  I.  GdiinKi.L  1'katt  Co.  Second  Size  Drill  C'hltk. 
Will  take  any  size  capsule.  Wood  handle  can  be 
attached  as  shown  in  this  figure. 

Fig.  2.  Starett  Pin  Vise  Gr.a.sping  one  of  the 
Radium  C.\psules. 

Fig.  3.  The  Same  Pin  Vice  with  Cap  Removed, 
showing  the  jaws  which  have  been  drilled  out  suf- 
ficiently to  take  varying  sized  capsules. 


TWO  UNUSUAL  CHEST  CASES* 


Bv  JOHN  G.  WILLIAMS,  M.D. 

BROOKLYN,    NEW    YORK 


/"^ASE  I.  History. — First  seen  by  Dr. 
^^  A.  A.  Rutz,  April  ii,  191 7.  Female, 
age  forty-eight.  Married,  and  prior  to  her 
marriage  a  public  school  teacher. 

Past  History. — Fifteen  years  ago  she  had 
malaria,  and  ten  years  ago  typhoid  fever. 
She  had  never  had  diphtheria.  There  have 
never  been  any  paralyses.  Her  menstrual  his- 
tory is  negative,  except  that  recently  the 
periods  have  been  prolonged. 

She  has  always  been  of  nervous  tempera- 
ment and  suffered  from  gastro-intestinal  dis- 
turbances. She  was  irritable  and  subject  to 
emotional  attacks  of  crying  and  laughing. 
These  attacks  in  later  life  were  followed  by 
mental  and  physical  prostration,  necessitat- 
ing rest  in  bed.  At  various  times  she  has 
suffered  from  pain  in  the  back  of  the  neck 
and  numbness  and  pain  in  various  regions  of 
the  body.  There  was  also  insomnia  and  im- 
pairment of  memory.  She  has  alwavs  been 
constipated.  Excessive  secretion  of  saliva 
has  been  noted  for  years. 

Fourteen  }-ears  ago  the  patient  saved  a 
child  from  strangulation,  a  particle  of  food 
having  entered  the  child's  respiratory  pas- 
sage. This  incident  impressed  itself  so  firmly 
on  the  patient's  mind  that,  from  this  time  on, 
she  suffered  from  a  constant  fear  of  chok- 
ing during  her  meals.  At  times  this  fear  be- 
came so  strong  that  it  interfered  with  her 
deglutition.  These  disturbances  of  degluti- 
tion were  always  slight  and  transitory  in 
character  and  consisted  of  sudden  regurgi- 
tation of  food  from  the  esophagus,  occa- 
sional coughing  and  choking,  and  the  en- 
trance of  food  into  the  nares.  Her  chief  com- 
plaint at  the  time  she  consulted  Dr.  Rutz 
was  belching  of  gas. 

Physical  examination  at  this  time  showed 
a  few  rales  at  the  base  of  both  lungs,  a  pal- 
pable right  kidney  and  tenderness  over  the 
cecum  and  ascending  colon.  The  knee-jerks 
were  exaggerated. 


On  April  20th  a  test  breakfast  was  given, 
following  which  a  stomach  tube  was  intro- 
duced and  the  contents  of  the  stomach  re- 
moved without  difficulty. 

On  April  21st  a  test  dinner  was  given  to 
determine  the  gastric  motility.  A  No.  23 
French  stomach  tube  was  introduced  without 
difficulty,  but  aspiration  was  impossible,  and 
inflation  showed  that  the  tube  was  not  in 
the  stomach.  The  tube  was  removed  and 
again  inserted,  with  the  same  result,  but  it 
was  noted  that  air  passed  through  the  tube 
with  respiration.  From  this  it  was  deduced 
that  the  tube  was  in  the  trachea  and  was 
removed.  The  patient  was  asked  to  swallow, 
but  was  unable  to  do  so,  as  evidenced  by 
failure  of  the  larynx  to  move.  Further  exam- 
ination showed  that  there  was  complete  anes- 
thesia of  the  pharynx  and  larynx.  The  gag 
reflex  was  absent  and  the  insertion  of 
the  tube  into  the  trachea  caused  no  reflex 
cough  or  discomfort  to  the  patient.  The  dif- 
ficulty in  deglutition  was,  at  that  time,  con- 
sidered temporary  and  unimportant,  and  was 
attributed  to  the  patient's  nervous  condition, 
as  she  had  looked  forward  to  the  examina- 
tion with  considerable  apprehension. 

On  April  27th  Dr.  Rutz  w^as  called  to  the 
patient's  home,  as  her  condition  had  assumed 
a  more  serious  phase.  She  was  found  sitting 
up  in  bed,  suffering  from  considerable  dys- 
pnea and  cyanosis,  and  imbued  with  the  idea 
that  her  dvspnea  was  due  to  distention  of 
her  stomach.  She  was  belching  large  cjuan- 
tities  of  air. 

Examination  of  the  abdomen  showed  no 
undue  distention  of  the  stomach.  There  was 
a  large  number  of  coarse  mucous  rales  over 
both  lungs.  The  physical  signs  in  the  chest 
were  suggestive  of  pulmonary  edema.  Tem- 
perature, 1 01. 6.  Pulse,  130.  Respiration,  36. 

The  patient  was  given  water  to  swallow, 
but  no  deglutition  sounds  could  be  heard  at 
the  ensiform.   Following  this,   the  dyspnea 
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and  other  chest  signs  increased.  The  cause, 
nature  and  seriousness  of  the  patient's  con- 
dition were  recognized.  The  disturbance  of 
degkitition  previously  observed  had  persisted 
so  that  her  food  was  entering  the  trachea, 
and  thereby  interfering  with  respiration  and 
subjecting  the  patient  to  the  danger  of  pul- 
monary infection.  Dr.  Rutz  now  sent  the 
patient  to  St.  Mary's  Hospital  for  treatment 
and  observation.  Rectal  feeding  was  resorted 
to  at  first  and  later  it  was  found  possible,  by 


Fig.   I.  Case  i.  Bismuth  in  Both  Lungs  and  also  in 
Larynx. 

the  use  of  a  stiff er  tube,  to  pass  the  same 
into  the  stomach,  and  the  patient  was  fed  in 
this  way.  Excessive  secretion  of  saliva  was  a 
constant  symptom  at  this  time,  but  was  con- 
trolled by  belladonna.  Her  pulmonary  symp- 
toms rapidly  cleared  up  and  later  her  respira- 
tory passages  showed  a  marked  tolerance  to 
foreign  material  of  various  kinds.  Various 
colored  solutions  were  given  and  later 
coughed  up.  At  one  time  six  ounces  of  cus- 
tard were  apparently  retained  in  the  respira- 
tory passages  for  twenty  minutes  and  then 
gradually  brought  up  by  coughing. 

On  May   loth  the  writer  examined  the 


patient  at  the  hospital.  Two  ounces  of  bis- 
muth mixture  were  given  the  patient  to  swal- 
low, and  on  the  screen  it  was  seen  that  most 
of  this  entered  the  trachea  and  thence  on 
into  the  bronchi  of  both  lungs.  It  apparently 
caused  the  patient  no  distress,  and  she  did 
not  cough  as  a  result  of  it.  Stereoscopic 
plates  were  then  made,  and  it  will  be  seen 
from  these  that  the  bismith  mixture  entered 
the  lower  lobes  of  both  lungs  extending  well 
out  into  the  smaller  bronchi.  Some  few  hours 
later,  the  patient  coughed  up  much  of  the 
bismuth,  and  two  days  later  the  stereoscopic 
plates  showed  no  trace  of  it  in  the  respira- 
tory tract. 

For  three  weeks  during  her  stay  in  the 
hospital  complete  aphagia  was  present.  At 
the  end  of  this  time  the  patient  began  to 
swallow  normally  with  occasional  remis- 
sions, so  that  at  times  she  had  to  be  fed  by 
tube.  She  was  allowed  to  return  home  after 
four  weeks'  stay  in  the  hospital,  and  a  mem- 
ber of  her  family  was  instructed  how  to 
pass  the  tube  and  tube- feeding  was  continued 
for  some  time  after  leaving  the  hospital. 
The  aphagia  suddenly  ended  when  one 
morning,  at  breakfast,  she  had  an  uncon- 
trollable desire  to  drink  some  tea.  She  drank 
three  cupfuls  in  succession,  and  from  this 
time  on  had  no  difficulty  in  swallowing. 
When  last  seen,  December  i,  191 7.  she  was 
swallowing  in  a  perfectly  normal  manner. 
Sensation  had  returned  to  the  pharynx  and 
larynx  and  none  of  her  former  symptoms 
were  present. 

The  diagnosis  in  this  case,  made  by  Dr. 
Rutz  before  referring  the  case  to  the  writer, 
is  hysterical  aphagia.  The  loss  of  sensation 
in  the  pharynx  and  larynx  eliminated  the 
second  stage  of  deglutition,  and  the  larynx 
was  not  elevated  and  protected  by  the  epi- 
glottis, so  that,  through  gravity,  the  material 
swallowed  dropped  directly  into  the  larynx. 
The  retention  of  foreign  material  for  so  long 
a  time  in  the  bronchi  indicates  that  there  was 
diminished  sensation  here  also.  Difficulty  in 
degkitition  is  not  uncommon  in  hysteria  and 
is  mentioned  in  all  of  the  text  books  on  ner- 
vous diseases. 
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On  looking  up  the  literature,  however,  I 
am  unable  to  find  any  cases  reported  in 
which  .r-ray  examination  revealed  the  con- 
dition as  shown  here,  except  a  case  reported 
by  Pancoast  in  The  American  Journal  of 
Roentgenology,  March,  191 8,  which  may 
be  of  the  same  type.  He  merely  says,  in  re- 
gard to  the  case,  that  the  girl  was  referred 
for  supposed  esophageal  stricture,  but  the 
obstruction  in  the  esophagus  was  neurotic 
in  origin. 


complains  of  soreness  in  the  right  hypochon- 
drium,  most  marked  soon  after  eating;  also 
some  gnawing  sensation  in  the  chest,  behind 
the  heart.  These  are  relieved  by  belching  of 
gas  after  taking  alkalies.  Occasionally,  dur- 
ing the  past  few  years  he  has  had  to  bring 
on  vomiting  by  tickling  the  pharynx  to  get 
relief.  Of  late  the  symptoms  have  been  more 
constant  and  recently,  having  had  a  bron- 
chitis, he  noticed  a  tendency  to  regurgitation 
when    he    coughed,    especially    when    lying 


Fig.    2.    Case   2.    Plate    made    before   meal    showing      Fig.  3.  Case  3.  Right  lateral  view  showing  stomach 
dilated  stomach  and  esophagns  in   right  mediasti-  and    esophagus    with   penetrating    ulcer   on    lesser 

num.  curvature  of  stomach  just  above  incisura. 


Case  II.  Referred  by  Dr.  E.  P.  Porter, 
for  examination  of  the  stomach  and  duode- 
num, January  30,  1920. 

History. — ]\Iale,  age  fifty-eight;  occupa- 
tion, salesman. 

Previous  History. — Negative,  except  for 
ordinary  diseases  of  childhood.  For  the  past 
twenty  years  or  more  the  patient  has  had 
more  or  less  digestive  disturbances.  These 
consisted  of  some  difficulty  in  swallowing, 
in  that  he  had  to  eat  or  drink  slowly  because 
of  some  distress  in  the  mediastinum  when- 
ever he  tried  to  eat  or  drink  rapidly.   He 


down.  He  has  never  noticed  blood  in  the 
vomitus,  which  usually  contained  food  taken 
several  hours  previousl}'.  His  weight  was 
constant  up  to  one  year  ago,  but  in  the  past 
vear  he  has  lost  about  ten  pounds.  The  bow- 
els are  constipated.  Xo  history  of  acute  ab- 
dominal or  chest  symptoms  and  no  history 
of  injurv  to  the  thorax  or  abdomen. 

On  screen  examination,  there  was  oh- 
served  an  al:)normal  shadow  in  the  right 
chest,  extending  from  the  right  clavicle  to 
the  diaphragm.  The  margin  of  this  was 
smooth,  except  for  an  indentation  opposite 
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the  right  second  interspace.  The  left  margin 
of  this  shadow  was  fused  with  that  of  the 
heart  and  vessels  of  the  mediastinum.  On  ro- 
tating the  patient,  it  was  observed  that  this 
abnormal  shadow  was  in  the  posterior 
mediastinum.  The  barium  meal  was  observed 
to  enter  the  upper  portion  of  this  shadow 
region  and  was  delayed  here  for  two  or  three 
seconds  and  then  continued  on  into  the  lower 
part  of  the  shadow,  none  of  it  passing  belov- 
the  diaphragm.   Meanwhile,   a  considerable 


plates  were  also  made  in  most  of  the  posi- 
tions above  enumerated  with  a  barium  meal 
in  the  chest. 

The  plates  made  without  barium  in  the 
chest  show  that  this  abnormal  shadow  in 
the  mediastinum  is  not  very  dense,  as  the 
bronchial  tree  on  the  right  side  may  be  seen 
through  this  shadow.  Stereoscopically,  it  is 
seen  to  be  tubular  and  apparently  contains 
air  in  the  lower  two-thirds,  there  being  less 
marked  distention  above.  In  the  plates  made 


Fig.  4.  Case  2.   Six  hour  plalc.     Duly   Mnall  amount 
of  barium  in  intestine. 


Fig.    5.    Case   2.    Twenty-four    hour   plate.    Stomach 
empty,  most  of  meal  being  in  colon. 


portion  of  the  meal  connected  in  the  upper 
sac. 

Plates  were  now  made  in  various  posi- 
tions, such  as  standing  direct,  oblique  and 
lateral ;  prone  direct,  oblique  and  lateral.  An 
attempt  was  made  to  examine  the  patient 
on  an  inclined  plane  with  the  head  lower 
than  the  feet,  but  he  could  not  retain  the 
meal  in  this  position.  Plates  were  made  six 
hours  after  the  meal,  twenty-four  hours  af- 
terward and  forty-eight  hours  afterward. 
Stereoscopic  plates  of  the  chest  were  also 
made  on  one  of  these  later  visits  when  the 
chest    contained    no    barium.    Stereoscopic 


directly  with  the  patient  [)rone,  most  of  the 
barium  is  seen  in  the  lower  mediastinum,  be- 
hind the  heart  shadow.  There  is  some  barium 
also  in  the  upper  sac.  In  this  position,  the 
lower  shadow  assumes  the  shape  of  the 
stomach.  In  the  right  lateral  position,  with 
the  patient  lying  on  his  right  side,  the  lower 
sac  seems  to  be  the  stomach ;  and  the  pylorus 
and  antrum  are  visible,  as  well  as  the  greater 
and  lesser  curvatures.  All  of  the  plates  made 
in  this  position  show  a  projection  from  about 
the  middle  of  the  lesser  curvature  suggesting 
a  penetrating  ulcer  or  adhesion  here.  The 
lower  sac  .shows  several  indentations  on  both 
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sides,  evidently  peristaltic  waves.  The  upper 
sac  also  shows  sharp  bilateral  indentations 
suggestive  of  the  haustral  markings  of  the 
colon.  In  the  plates  made  with  the  patient 
standing,  little  of  the  barium  remains  in  the 
upper  sac.  The  six-hour  j)late  shows  most  of 
the  meal  still  in  the  chest,  a  small  stream 
being  visible  in  the  small  intestine  Ixdow  the 
diaphragm.  The  twenty-four  hour  plate 
shows  most  of  the  barium  distril)uted 
throughout  the  colon,  with  a  small  amount 
remaining  in  the  terminal  ileum.  The  pa- 
tient's bowels  moved  spontaneous!)'  at  thirty 
hours,  so  that  later  plates  showed  only 
traces  of  the  meal  in  the  colon. 

From  the  above  findings,  I  believe  that  the 
shadow  in  the  right  mediastinum  is  due  to 
the  presence  here  of  the  stomach  and  dilated 
esophagus  above  it.  There  is  very  little  of  the 
small  intestine  above  the  diaphragm.  The 
dilatation  and  hypertrophy  of  the  esophagus 
are  due  to  constriction  of  the  cardiac  end  of 
the  stomach.  The  stomach  empties  some  time 
between  six  and  twenty-fovu^  hours  (unable 
to  get  intermediate  plates).  The  defective 
motility  of  the  stomach  is  due  to  constric- 
tion of  the  small  intestine,  at  the  opening  in 
the  diaphragm,  and  spasm  of  the  pylorus  as 
a  result  of  the  lesion  on  the  lesser  curvature. 

The  small  intestine  is  practically  empty 
at  the  end  of  twenty-four  hours.  The  con- 
dition now  present  has  probably  existed  for 
many  vears.  There  is  no  history  of  trauma 
and  no  histor}-  of  acute  abdominal  crisis.  For 
this  reason,  it  would  seem  that  the  stoniach 
probably  passed  through  one  of  the  normal 
openings  in  the  diaphragm,  most  probabl)" 
the  esophageal  and  that  the  esophagus  was 


carried  up  into  the  chest  with  the  stomach. 
Hernia  of  the  stomach  and  other  abdom- 
inal viscera  through  the  diaphragm  was,  un- 
til recent  years,  considered  cjuite  rare.  How- 
ever, since  the  advent  of  .i"-ray  examination 
of  the  hollow  viscera,  the  number  of  cases 
reported  has  markedly  increased.  Particu- 
larh-  is  this  true  since  the  recent  war.  Neces- 
sarily there  were  many  wounds  of  the  dia- 
phragm, and  as  a  result  of  these  there  have 
been  many  cases  reported  of  hernia  through 
these  wounds,  and  some  of  these  cases  were 
not  recognized  until  the  patients  had  been 
through  several  hospitals.  The  cases  difficult 
of  diagnosis,  even  with  .r-ray  examination, 
are  those  in  which  the  opening  in  the  dia- 
phragm is  small  and  a  part  only  of  the  stom- 
ach or  intestine  is  involved.  Soresi  has  re- 
centh'  reported  such  cases. 
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Annual  Meeting  Eastern  Section 

The  Second  Annual  Meeting  of  the  Eastern 
Section  of  the  American  Roentgen  Ray  Society 
will  be  held  in  Atlantic  City  at  Haddon  Hall- 
Chalfonte,  on  Friday  evening  and  Saturday, 
Jan.  28,  29,  192 1.  Make  hotel  reservations 
early,  mentioning  American  Roentgen  Ray 
Society. 

Communications  regarding  the  program 
should  be  addressed  to  Dr.  David  R.  Bowen, 
82  West  LaCrosse  Ave.,  Lansdowne,  Pennsyl- 
vania. 

In  all  other  matters  concerning  this  meeting 
address  Dr.  Joseph  M.  Steiner,  103  Park  Ave., 
New  York  Citv. 


Annual  Meeting  Central  Section 

The  Second  Annual  Meeting  of  the  Central 
Section  of  The  American  Roentgen  Ray 
Society  will  be  held  on  February  21,  1921,  at 
St.  Louis,  Missouri.  Announcement  of  head- 
quarters will  be  made  later. 

Communications  regarding  the  program 
should  be  addressed  to  the  president,  Dr.  James 
G.  Van  Zwaluwenburg,  Ann  Arbor,  Michigan. 
The  chairman  of  the  local  committee,  Dr. 
Edwin  C.  Ernst,  412  Humbolt  Building, 
St.  Louis,  may  be  addressed  concerning  mat- 
ters of  arrangements. 

THE  CALDWELL  LECTURE 

The  American  Roentgen  Ray  Society 
has  sought  to  honor  some  of  its  former 
members,  martyrs  to  their  profession.  Two 
thus  far  honored  are  Leonard  and  Caldwell. 
At  the  last  annual  session,  a  Leonard  prize 
was  voted,  details  of  which  will  be  found 
elsewhere  in  this  number.  Eugene  W.  Cald- 
well's work  placed  him  in  the  foremost 
rank  of  American  medical  scientists,  and 
it  is  highly  fitting  that  each  year  the 
memory  of  our  beloved  co-worker  shall  be 
freshened  by  a  lecture  given  in  his  name.  It 
is  planned  to  have  an  hour  set  apart  on  each 
annual  program  for  a  formal  lecture  on 
some  topic  relating  to  roentgenology  or 
radiumtherapy,  the  speaker  to  be  chosen  by 
the  president  each  year.  For  the  first 
Caldwell  lecture  at  Minneapolis,  Minnesota, 
Thursday  afternoon,  September  16,  1920, 
we  had  the  honor  and  the  privilege  of  hear- 
ing Dr.  Walter  C.  Alvarez,  Assistant  Pro- 
fessor of  Research  Medicine,  George 
Williams  Hooper  Foundation  for  Medical 
Research,  LTniversity  of  California  Medical 
School,  San  Francisco,  California,  on  "Per- 
istalsis in  Health  and  Disease,"  whose  paper 
appears  in  this  number.        James  T.  Case. 
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COMMUNICATIONS 

PARIS  LETTER 

TOURING  the  course  of  the  war  a  large 
^^  number  of  French  and  American  radi- 
ologists had  occasion  to  meet  and  to  work 
together  in  the  various  medical  organizations 
at  the  front  and  in  the  interior.  Thus  were 
established  those  sympathetic  and  friendly 
personal  relations  which  make  it  more  desir- 
able than  ever  that  they  keep  in  touch  with 
each  other  and  that  they  reciprocate  in  their 
labors  and  their  researches.  Constantlv  in- 


radiologic  activities;  and  he  takes  this  occa- 
sion to  congratulate  his  colleagues,  particu- 
larly Drs.  Hickey  and  Imboden,  on  their 
initiative  in  creating  this  new  department. 
He  will  endeavor  to  present  in  these  ar- 
ticles all  that  is  new  and  interesting  in 
France  in  the  various  domains  of  radiology 
and  radium  therapy,  and  at  the  same  time  he 
will  seek  to  inform  those  in  the  United 
States  who  may  have  occasion  to  come  to 
France  as  to  the  hospital  services  and  the 
laboratories  which  they  will  find  it  most 
profitable  to  visit. 


i-ii..  I.  Due  DE  Broglie. 

formed  by  his  faithful  and  eminent  friends 
of  the  remarkable  development  of  radiology 
in  the  United  States,  and  endeavoring  to 
pass  on  to  those  about  him  all  that  he  thus 
learns,  the  author  of  these  lines  has  long 
hoped  that  his  colleagues  in  the  United  States 
might  come  to  take  an  equal  interest  in 
French  radiology. 

He  therefore  accepted  joyfully,  in  spite  of 
very  numerous  duties,  the  proposition  trans- 
mitted through  Dr.  Beclere,  Master  and 
Dean  of  French  radiology,  to  write  for  the 
readers  of  The  American  Jourxal  of 
Roentgenology  a  monthly  letter  from 
Paris  portraying  as  faithfully  as  possible  our 


Fig.  2.  Dr.  A.  Dauvillier  at  Work  in  the 
Laboratory. 

Modern  research  tends  to  show  that  all 
progress  which  may  be  made  in  the  applica- 
tion of  the  .r-rays  to  medical  diagnosis  and 
treatment  is  inseparable  from  physical  re- 
search, and  that  all  productive  work  thus  ne- 
cessitates the  active  and  continued  collabora- 
tion of  the  physicist,  the  constructor  and  the 
radiologist — that  is,  the  constant  union  of 
theory  and  practice. 

One  of  the  first  to  perceive  clearly  this 
necessitv  was  the  eminent  physicist  M.  Vil- 
lard,  of  the  Academy  of  Science,  to  whom 
we  owe  the  discovery  of  the  gamma  rays  of 
radium,  the  invention  of  the  osmo-regulator, 
and  the  appearance  in  1908  of  the  first  ap- 
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paratiis  for  the  measurement  of  the  .r-rays 
by  ionization.  We  owe  to  Dr.  Coohdge.  to- 
gether with  the  most  important  advance  in 
radiologic  technique  since  Roentgen's  discov- 
ery, certain  facihties  for  experimentation 
which  profit  medicine  and  physics  ecptaliy. 
and  which  give  a  new  impetus  to  the  col- 
laboration of  these  two  sciences. 

A  number  of  French  radiologists,  there- 
fore, have  thought  the  moment  well  chosen 
for  the  establishment  of  a  laboratorv  for  re- 


ance  of  the  laboratory,  and  assumes  the  sci- 
entific direction  of  it. 

Dr.  M.  A.  Dauvillier,  a  young  physician 
of  great  future,  already  known  by  his  inter- 
esting work  with  the  .r-rays,  is  attached  to 
the  laboratory.  Some  of  the  readers  of  this 
letter  will  perhaps  remember  having  seen 
him  during  the  war  in  the  .r-ray  department 
of  the  Descartes  hospital  at  Tours,  where  we 
first  realized  the  value  of  an  intimate  relation 
between  a  physical  laboratory  and  a  medico- 


FiG.  3.  View  of  Research  Room  in  the  Laboratory,  Showin'g  in  the  Background 
High-tension  Tr.-xnsformer  with  Kenotrons  and  Condensators  for  Continu- 
ous High-tension  Work.  A  quartz  tube  and  the  Abraham-Villard  voltmeter 
arc  visible  in  the  center,  whilst  the  vacuum  pump  shows  in  the  foreground. 


search  in  the  field  of  .r-rays,  and  to  facili- 
tate the  study  of  all  cpiestions  which  may  di- 
rectly or  indirectly  interest  either  physicians 
or  technicians. 

The  Due  de  Broglie,  well  known  for  his 
spectroscopic  studies  of  the  .t'-rays.  and  who 
has  at  present  for  his  personal  use  a  well- 
equipped  laboratory,  has  generously  ofifered, 
to  shelter  the  new  organization,  an  entire 
building  completely  furnished  and  eciuipped 
with  the  most  excellent  and  modern  appa- 
ratus. Except  for  the  very  modest  assist- 
ance of  the  writer,  the  Due  de  Broglie  over- 
sees entirely  the   functioning:  and  mainten- 


surgical  .r-ray  service.  For,  modest  as  it  was, 
that  laboratory  where  so  often  Colonel 
Shearer  lavished  upon  us  the  precious  coun- 
sel born  of  his  long  experience,  was  the 
scene  of  some  research  work  which  the 
Academy  of  Science  viewed  with  interest, 
and  the  continuation  of  which  it  encouraged 
with  an  important  prize. 

We  may  hope,  therefore,  that  under  the 
direction  of  the  Due  de  Broglie,  and  profit- 
ing by  his  large  experience,  the  laboratory 
will  not  delay  in  giving  proof  of  its  utility. 

To  describe  it  briefly,  it  is  housed  in  a 
building  having  a  basement  and  two  stories. 
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In  the  basement  are  a  preliminary  vacuum 
apparatus  (a  motor  and  a  pump  working  in 
oil),  and  a  converter  for  changing  no  V". 
D.C.  into  250  V.  single  phase  alternating 
current  of  600  periods  (60  cycle.^).  This 
group  has  a  capacity  of  5  K.\\  A.C.  The 
ground  floor  includes  an  office,  a  dark  room, 
and  two  laboratories.  The  smaller  labora- 
tory is  at  present  reserved  for  the  study  of 
Lilienfeld   apparatus.    The   larger   one  con- 


cludes a  Bragg  spectrometer  and  a  Broglie 
spectrograph.  These  permit  the  simultaneous 
analysis  of  rays  from  two  sources  enclosed 
in  lead  boxes  of  about  one  cubic  centimeter 
capacity,  and  having  a  wall  thickness  of  15 
mm.  Two  other  pieces  of  spectroscopic  ap- 
paratus, including  a  monochromateur,  and  a 
spectrograph  of  special  precision  for  the 
study  of  very  short  wave  lengths,  are  under 
construction. 


Fig.  4.  Another  Part  of  Research  Room,  showing  the  quartz  vacuum  pump  and 
Gaede  pump  on  the  right,  the  large  lead  box  (weighing  over  a  ton)  in  the 
center,  and  the  spectrometers  on  the  left. 


tains  (a)  a  coil  with  mercury  interrupter 
working  on  the  no  V".  D.C,  and  (b)  a  Gal- 
lot-Gaiffe  transformer  working  on  the  120 
V.  single  phase  alternating  current,  and 
which  can  supplv  the  incandescent  cathode 
type  tubes  with  a  maximum  of  170  K.V. 
controlled  by  an  auto-transformer.  Voltages 
are  measured  by  an  Abraham-Villard  elec- 
tro-static voltmeter.  This  laboratory  h?s  also 
facilities  for  pumping  vacuum  tu]:!es,  namely, 
a  special  quartz  condensation  pump,  with  a 
Gaede  rotarv  pump  for  preliminary  pump- 
ing, permitting  the  obtaining  of  very  high 
vacuums  with  considerable  speed ;  and  a 
Pilon  apparatus. 

The    spectroscopic    apparatus    in   use    in- 


The  experimental  tubes  used  are  almost 
exclusively  constructed  of  cjuartz. 

The  researches  undertaken  by  the  labora- 
tory are  not  confined  to  purely  theoretical 
phvsics.  An  important  place  is  reserved  for 
all  questions  of  interest  from  the  medical 
viewpoint,  and  particularly  for  radiotherapy, 
which  is  closely  connected  with  the  study  of 
ravs  of  very  short  wave  length. 

Finally,  the  laboratory,  endowed  with  a 
verv  complete  library,  may  be  regarded  (al- 
though not  public)  as  a  center  where  work- 
ers lacking  information  on  certain  points  of 
physics  of  radiology  may  bring  their  prob- 
lems, and  continue  their  researches. 

If  the  readers  of  this  first  letter  reproach 
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us  with  having  dealt  exclusively  with  phys- 
ics, we  hope  that  Dr.  Coolidge,  who  mani- 
fested his  interest  in  the  new  creation  when 
he  visited  it  last  August  while  it  was  under 
construction,  and  who  considered  it  to  be  the 
only  institution  of  its  kind  in  the  world,  will 
deign  to  say  a  few  words  in  our  defense.  He 
will  agree  with  us  perhaps  that  the  future  of 
radiology,  and  particularly  of  deep  radio- 
therapy— a  domain  as  vast  as  it  is  interesting 
— depends    entirely    upon    the    close    collab- 


oration of  the  physician  and  the  physicist. 
The  description  we  have  given  will  serve 
as  an  introduction  to  the  letters  which  will 
follow,  and  if  it  has  seemed  wearisome  to 
some  of  our  American  colleagues  because 
we  have  not  spoken  of  medical  radiology,  we 
hope  they  will  pardon  us,  and  we  promise 
them  that  we  will  not  stray  into  the  domain 
of  physics  again  for  a  long  time. 

Dr.  R.  Ledoux-Lebard. 
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The  Story  of  the  American  Red  Cross  in 
Italy.  By  Charles  M.  Bakewell.  Pages  225. 
Illust.  Price,  $2.00.  Macmillan  Co.,  1920. 

This  most  attractive  volume  is  a  faithful 
history  of  the  accomplishment  of  the  American 
Red  Cross  in  Italy  beginning  with  May,  191 5, 
the  date  of  Italy's  entrance  into  the  war,  and 
continuing  the  narrative  until  up  to  the  middle 
of  1919,  when  Red  Cross  war  activities  were 
practically  closed  in  Italy.  The  book  tells  not 


only  of  the  establishment  of  relief  centers, 
work-houses,  traveling  canteens,  "asili"  for 
children  and  large  hospitals,  but  also  of  the 
building  of  entire  cities  for  the  accommoda- 
tion of  refugees  from  the  Piave  and  from 
Venice.  It  is  highly  fitting  that  the  accom- 
plishments of  the  American  Red  Cross  should 
be  thus  chronicled.  We  hope  there  will  be  a 
wide  distribution  of  this  work. 

James  T.  Case. 


Subscribers  to  The  American  Journal  of  Roentgenology  visiting  l^ew  Tor\  City,  are  in- 
vited  to  ma\e  the  office  of  The  Journal  (69  East  59th  Street,  'Hew  Tor/^  their  headquarters.  Mail, 
packages  or  baggage  may  be  addressed  m  our  care.  Hotel  reservations  will  gladly  be  made  for  those 
advising  us  in  advance;  in  this  case,  \indly  notify  us  in  detail  as  to  requirements  and  prices.  List  of 
operations  in  T^ew  Tor\  hospitals  on  file  in  our  office  daily. 
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LovETT,  Robert  W.,  and  Wolbach,  S.  B. 
Roentgenographic  Appearance,  Diagnosis, 
and  Pathology  of  Some  Obscure  Cases  of 
Bone  Lesions.  (Surg.,  Gynec.  and  Ohst., 
Vol.  xxxi,  No.  2,  August,  1920.) 

For  the  past  five  years  the  writers  have  been 
concerned  in  a  conjoined  study  of  certain  ob- 
scure bone  lesions,  occurring  in  the  orthopedic 
service  of  the  Children's  Hospital.  In  cases 
where  the  diagnosis  of  a  bone  lesion  was  in 
doubt,  the  pathologist  has  been  present  when 
operations  were  to  be  performed,  and  has 
taken  his  own  specimen  when  the  bone  was 
opened,  so  that  if  possible  an  immediate  diag- 
nosis could  be  made  by  frozen  section,  and  the 
operative  wound  treated  accordingly.  When 
the  pathologist  could  not  make  a  diagnosis  in 
this  way,  the  specimen  was  taken  to  the  labora- 
tory, studied,  and  reported  on  later.  The  cases 
presented  are  those  in  which  there  was,  in  the 
minds  of  the  writers,  doubt  as  to  the  correct 
diagnosis  from  the  ;r-ray  and  other  data  avail- 
able before  operation.  Each  case  is  presented 
with  a  short  clinical  history,  an  ;r-ray  and  a 
pathological  report.  The  writers  are  indebted 
to  Percy  Brown,  radiologist  of  the  Children's 
Hospital,  for  co-operation  in  the  study,  and  to 
John  J.  Morton,  of  Boston,  also  a  hospital 
associate,  for  much  labor  in  the  collection  and 
arrangement  of  the  data.  Considering  the  be- 
havior of  bone  in  general,  as  studied  by  the 
x-vdi\,  it  seems  to  be  a  structure  of  very  lim- 
ited reaction  to  pathological  conditions.  Re- 
garded from  this  point  of  view,  there  seem  to 
be  only  three  reactions  possible  in  bone.  These 
are :  ( i )  atrophy  or  diminution  in  line  content ; 
(2)  destruction  of  bone  tissue,  local  or  gen- 
eral; (3)  a  formative  process,  characterized 
by  formation  of  new  bone,  or  a  condensation 
of  existing  bone  around  a  focus  of  disease. 
The  general  point  of  view  with  regard  to  these 
processes  has  been  that  tuberculosis  is  largely 
destructive  in  character ;  that  the  tuberculosis 
is  characterized  by  marked  atrophy  of  the  af- 
fected bone,  with  perhaps  atroph\-  of  contigu- 
ous bones  in  the  same  limb ;  and  that  it  occurs 
in  the  region  of  the  epiphysis.  Osteomyelitis 
has  been  generally  regarded  as  a  process  at 
first  destructive  in  character,  and  then  forma- 
tive, the  formative  process  generally  becoming 


dominant.  Syphilis  has  been  considered  as  the 
most  purely  formative  of  the  three  processes, 
with  some  element  of  destruction,  but  much 
more  formative  than  either  of  the  others  men- 
tioned. When  the  writers  attempted  to  study, 
from  the  point  of  view  of  pathological  find- 
ings, .ar-rays  taken  of  cases  prior  to  operation, 
it  became  evident  that  this  criterion  could  not 
be  depended  upon ;  that  tuberculosis,  which  has 
ordinarily  been  spoken  of  as  occurring  in  the 
articular  ends  of  bones,  might  occur  in  the 
shaft,  and  that  it  might  be  almost  a  purely 
formative  process,  or  that  the  formative  pro- 
cess might  exist  with  the  destructive  process, 
and  ultimately  become  dominant ;  and  that  a 
local  destructive  process,  indistinguishable 
from  the  so-called  Brodie's  abscess,  might  oc- 
cur in  a  pure  tuberculosis,  so  that  a  localized 
cavity  in  bone,  well  walled  off,  might  occur  in 
this  disease.  It  appeared  also  that  a  wedge- 
shaped  destruction  in  the  articular  end  of  the 
bone,  with  the  base  of  the  wedge  toward  the 
joint,  might  occur  both  in  tuberculosis  and 
osteomyelitis,  and  that  under  these  circum- 
stances the  two  were  practically  indistinguish- 
able. The  errors  in  diagnosis,  in  the  experience 
of  the  writers,  have  more  often  consisted  in 
mistaking  tuberculosis  for  other  things  than  in 
mistaking  other  things  for  tuberculosis.  A  cu- 
rious punched  out  lesion  of  the  skull  was 
identified  pathologically  in  two  cases  as  being 
definitely  tuberculosis.  The  other  confusion 
which  was  most  troublesome  arose  between 
osteomyelitis  and  spyhilis,  two  cases  involving 
the  lower  end  of  the  fibula  being  shown  which 
were  in  .r-ray  appearances  practically  identical. 
Again,  the  stage  of  repair  in  osteomyelitis  may 
be  seen  in  the  .r-ray  of  two  tibiae  to  be  very 
similar  in  spyhilis  and  osteomyelitis.  As  it  has 
appeared  to  the  writers,  the  problem  of  dififer- 
entiating  the  three  conditions  mentioned  by 
means  of  the  .r-ray,  is  not  encountered,  as  a 
rule,  in  the  routine  case  in  which  a  purely  de- 
structive lesion  is  most  often  tuberculosis.  The 
lesion  of  rapid  destruction,  with  marked  for- 
mative activity,  is  generally  osteomyelitis,  and 
the  purely  formative  process  is  most  likely  to 
be  syphilis.  The  serious  problem  of  dififeren- 
tial  diagnosis  occurs  most  often  in  cases  in 
which  focal  lesions  are  present,  in  which  the 
phenomena  of   formative  and  destructive  ac- 
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tivity  have  become  so  mixed  that  without  the 
pathological  examination,  in  many  of  them  the 
diagnosis  is  impossible.  The  advantage  of  such 
a  diagnosis  made  during  the  operation  is  evi- 
dent to  any  surgeon,  because  it  guides  him  in 
the  treatment  of  the  bone  cavity,  and  is  often 
the  direct  factor  in  deciding  whether  or  not  to 
close  such  a  cavity.  In  addition  to  the  three 
conditions  of  tuberculosis,  osteomyelitis,  and 
syphilis,  certain  other  bone  lesions  are  shown, 
which  have  a  bearing  on  the  question  of  diag- 
nosis. A  short  summar}-  of  the  case  histories 
will  be  presented,  the  salient  pathological  facts 
discussed,  and  conclusions  drawn  as  war- 
ranted. 

DISCUSSION 

riie  diagnosis  of  infectious  lesions  of  the 
bones  would  be  simple  if  each  infectious  agent 
always  produced  the  same  reaction.  The  p}0- 
genic  bacteria  alone  ma}-  be  counted  upon  to 
conform  to  t\  i)e  ;  at  first  destruction  of  tissue 
followed  b\  repair,  which  in  the  case  of  bone 
means  necrosis  with  more  or  less  local  disap- 
pearance of  lime  salts,  followed  by  new  bone 
formation  from  adjacent  healthy  bone  struc- 
tures. It  must  be  remembered  in  the  reaction 
of  bone  to  injury  that  new  formation  of  tissue 
is  always  followed  by  ossification  and  therefore 
that  gra^nulation  tissue  from  bone  or  perios- 
teum becomes  bone  tissue.  The  above  simple 
sequence  in  the  pyogenic  infections  accounts 
for  the  definite  criteria  applicable  in  osteomxe- 
litis.  It  is  conceivable  that  a  rapid  healing  of 
a  small  abscess  in  bone  might  result  in  very 
little  granulation  tissue  production  from  adja- 
cent tissue  with  very  little  production  of  new 
bone.  Syphilis  affects  the  bone  in  two  wa\s, 
both  effects  of  the  proliferative  reaction  of  the 
casual  agent,  and  results  either  in  the  destruc- 
tion of  bone,  or  the  new  formation  of  bone. 
Both  effects  may  occur  in  the  same  case.  De- 
struction of  bone  follows  the  formation  of  lo- 
cal, rapidly-formed  gummatous  lesions,  some- 
times of  endosteal  and  periosteal  origin,  some- 
times perivascular  and  extending  into  bone.  On 
the  other  hand,  the  degree  of  reaction  to  the 
spirocheta  may  be  slight  and  result  only  in 
proliferation  of  cells  of  the  periosteum  and 
endosteum,  the  newly-formed  tissue  develop- 
ing osteoblasts  and  eventually  new  deposit  of 
bone  is  the  result.  In  one  case,  therefore,  there 
is  choking  of  normal  bone  by  the  gummatous 
process   with  its   necrosis ;   in  the   other  case 


there  is  merely  stimulation  of  bone-forming 
tissue.  Tuberculosis  presents  more  possibil- 
ities. In  soft  tissues  it  is  known  that  the  tu- 
bercle bacillus  can  duplicate  the  reaction  of 
almost  an\-  t_\pe  of  pathogenic  bacterium.  Thus 
the  various  types  of  exudati\e  response  to  in- 
jur}- may  be  the  result  of  the  tubercle  bacillus 
alone ;  exudates  essentiall}-  fibrinous  or  essen- 
tiall}-  puriform  in  character  are  frequently 
found  upon  serous  membranes — meninges, 
peritoneum,  pleura,  and  pericardium.  In  bone 
we  usually  think  of  tuberculosis  as  a  prolifera- 
tive process  resulting  in  the  new  formation  of 
tissue  with  consequent  obstruction  of  the  bone, 
and  this  is  the  commonest  t}-pe  of  tuberculous 
bone  lesion  which  gives  rise  to  the  formation 
of  bone  cavities  without  a  peripheral  reaction 
or  condensation  of  bone. 

In  tuberculosis  of  bone,  as  in  soft  tissues, 
there  ma}-  occur :  ( i )  Exudate,  fibrinous  or 
puriform,  (2)  discrete  proliferative  lesions, 
the  tubercle  which  may  progress  slowly  or 
rapidl}-  with  much  or  little  caseation,  and  (3)  a 
diffuse  proliferative  reaction,  following  the  ex- 
udative— essentially  tuberculous  granulation 
tissue,  with  much  or  little  caseation.  In  the 
third  instance,  in  the  granulation  tissue,  there 
ma}-  be  new  bone  formation  just  as  in  the  re- 
pair of  pyogenic  processes,  at  a  time  when  de- 
struction or  resorption  of  bone  is  going  on. 

The  important  lesson  from  the  pathological 
studv  of  this  series  of  cases  is  the  reminder 
that  tuberculosis  in  bone  ma}-  simulate  any 
other  infectious  process  in  location  and  charac- 
ter of  the  lesion.  Diagnosis  from  .t'-ra}-  studies 
alone  is  therefore  occasionally  impossible  and 
recourse  must  be  had  to  other  clinical  evidence, 
and  when  possible  to  pathological  examination. 

Carman,  R.  D.,  Mayo  Clinic.  The  Roentgen 
Diagnosis  and  Localization  of  Peptic  Ulcer. 
(Calif.  State  J.  of  Med.,  November,  1920, 
A'ol.  xviii,  Xo.  II.) 

AIan\-  roentgenologists  refuse  to  make  a 
diagnosis  in  the  absence  of  direct  signs,  and 
claim  that  complexes  made  up  of  indirect  signs 
are  of  no  value.  This  view  is  far  too  radical, 
for  if  roentgen  ra}-  diagnoses  were  limited  to 
cases  in  which  direct  signs  only  are  noted, 
man\  lesions  of  the  alimentary  canal  would 
pass  undiscovered.  Often  more  remote  phe- 
nomena must  be  considered  in  the  diagnosis, 
such  as  alterations  of  motility,  tonus  and  peris- 
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talsis.  All  of  these  manifestations  are  affected 
by  spasm.  For  instance,  we  are  more  or  less 
dependent  on  changes  of  contour,  spastic  in 
nature  but  set  up  by  an  intrinsic  lesion,  such 
as  spasmodic  hour-glass  of  gastric  ulcer  or  the 
spastic  deformity  of  duodenal  ulcer.  We  must 
also  be  able  to  recognize  the  spastic  deformity 
produced  by  extrinsic  lesions  remote  from  the 
deformed  organ.  Such  deformity  may  simulate 
that  produced  either  directly  or  indirectly  by 
an  intrinsic  lesion.  Thus  two  types  of  spasm 
are  met  with ;  one  may  be  spoken  of  as  intrin- 
sic, the  other  as  extrinsic.  The  first  is  often  a 
help  in  diagnosis,  the  latter  often  a  hindrance. 
He  mentions  that  four  types  of  gastric  ul- 
cers may  be  distinguished  at  operation. 

1.  Small  mucous  erosions  and  minute,  slit- 
like ulcers. 

2.  Penetrating,  or  perforating  ulcers  with 
relatively  deep  craters. 

3.  Perforated  ulcers,  with  or  without  the 
production  of  accessory  pockets. 

4.  Carcinomatous  ulcers. 

The  first  type  of  ulcer,  the  small  mucous 
erosion,  offers  the  greatest  difficulty  to  roent- 
genologic detection.  It  is  either  a  superficial 
denudation,  or  a  mere  slit  in  the  mucosa  in- 
capable of  holding  enough  barium  to  make  a 
visible  projection  from  the  gastric  lumen. 

The  penetrating  or  perforating  ulcer  which 
has  burrowed  more  or  less  deeply  into  the  gas- 
tric wall,  but  does  not  penetrate  the  peritoneal 
coat  of  the  stomach,  produces  a  definite  crater 
jutting  from  the  lumen  of  the  stomach.  The 
degree  of  facility  with  which  this  crater  can 
be  seen  by  the  roentgen  ray  depends  more  on 
the  location  than  on  the  size  of  the  crater. 

The  perforated  ulcer  which  has  excavated 
through  the  peritoneal  coat  of  the  stomach 
may,  at  the  time  of  perforation,  become  cov- 
ered by  gastrohepatic  omentum,  or,  if  the  per- 
foration is  chronic,  it  may  be  protected  by 
adhesions.  In  either  case  the  roentgenologic 
signs  are  the  same  as  in  the  penetrating  or  per- 
forating ulcer  before  perforation  takes  place. 
The  only  condition  indicating  perforation, 
therefore,  is  the  depth  of  the  crater.  Perfora- 
tion of  an  ulcer  with  a  continuation  of  the  de- 
structive process  into  adjacent  tissue  results 
in  the  formation  of  an  accessory  pocket  out- 
side the  stomach. 

Carcinomatous  ulcers  are  not,  as  a  rule,  dis- 
tinguishable from  non-malignant  ulcers ;  their 


roentgenologic  signs  are  very  much  the  same 
as  those  of  penetrating  and  perforated  ulcer. 

The  roentgen  ray  signs  of  gastric  ulcer  may 
be  divided  into  three  groups. 

1.  Direct  signs  (pathognomonic). 

a.  The  niche. 

b.  The  accessory  pocket. 

2.  Indirect  signs  (but  diagnostic). 

a.  Organic  hour-glass  stomach. 

b.  Spastic  manifestations. 

1.  Spasmodic  hour-glass  stomach. 

2.  Gastrospasm. 

3.  Corroborative  signs  (not  diagnostic). 

a.  Retention  from  the  six-hour  meal, 

b.  Gastric  hypotonus. 

c.  Alterations  of  peristalsis. 

Ulcers  not  sufficiently  extensive  to  produce 
an  excavation  that  can  be  visualized  on  the 
screen  or  plate  are  rarely  found  at  operation; 
they  are  mere  mucous  erosions  or  small  crev- 
ices, and  their  diagnosis  can  be  made  only  on 
less  definite  signs  such  as  spasmodic  hour- 
glass stomach. 

Indirect  signs  (but  diagnostic). 

1.  Organic  hour-glass  stomach. 

2.  Spastic  manifestations. 

a.  Spasmodic  hour-glass  stomach. 

b.  Gastrospasm. 

It  has  been  his  experience  that  an  hour-glass 
that  resists  belladonna  to  the  physiologic  ef- 
fect means  a  lesion  either  of  the  stomach  or 
duodenum ;  and  regardless  of  whether  or  not 
the  hour-glass  is  present  at  operation,  the  sur- 
geon will  find  the  cause,  if  he  looks  for  it. 

Corrobation  signs  (not  diagnostic). 

1.  Retention  from  the  six-hour  meal. 

2.  Gastric  hypotonus. 

3.  Alterations  of  peristalsis. 

Six-hour  retention — A  distinct  residue  in 
the  stomach  from  the  six-hour  meal  is  seen  in 
55  per  cent  of  the  gastric  ulcer  cases.  In  this 
respect  gastric  ulcer  stands  a  close  second  to 
gastric  cancer.  The  manner  in  which  an  ulcer 
causes  retention  is  not  definitely  known  in 
many  cases.  While  it  is  easy  to  understand  how 
an  ulcer  located  at  the  pyloric  ring  may  cause 
obstruction,  it  is  hard  to  understand  why  one 
situated  remote  from  the  pylorus  should  do  so. 
But  practically  90  per  cent  of  all  gastric  ul- 
cers occur  in  the  vertical  portion  of  the  stom- 
ach above  the  incisura  angularis.  The  reten- 
tions which  they  produce  have  been  assigned 
respectively  to  pylorospasm  excited  by  the  ul- 
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cer,  to  impairment  of  peristalsis,  and  to  liypo- 
tonus.  A  retention  alone  is  not  sufficient  evi- 
dence for  the  diagnosis  of  ulcer,  since  various 
causes  may  operate  to  produce  a  six-hour 
residue. 

Gastric  hypotonus — An  evident  loss  of  tone 
shown  by  sagging  and  expansion  of  the  lower 
gastric  pole  is  a  frequent  accompaniment  of 
ulcer,  not  only  of  ulcers  causing,  obstruction 
but  also  of  those  situated  rather  remote  from 
the  pylorus.  Hypotonus  alone  possesses  little 
significance,  for  it  is  an  expected  finding  in 
the  numerous  patients  of  anteroptotic  build ; 
but  if  the  hypotonus  does  not  accord  with  the 
habitus  of  the  patient,  the  possibility  of  an  ul- 
cer should  be  considered. 

Abnormalities  of  peristalsis. — The  varia- 
tions of  peristalsis  met  with  in  gastric  ulcer 
include  weak  peristalsis,  hyperperistalsis,  es- 
pecially of  irregular  type,  absence  of  peristal- 
sis, especially  of  irregular  type,  absence  of 
peristalsis  from  the  ulcer-bearing  area,  and 
anti-peristalsis.  None  of  these  is  peculiar  to  ul- 
cer, but  all  of  them  are  more  or  less  sugges- 
tive of  a  gastric  lesion.  All  lesions  of  the  gas- 
tric wall  tend  to  interfere  with  peristaltic 
movement  in  the  area  involved.  If  an  ulcer  is 
located  at  a  point  where  peristalsis  commonly 
is  visible  a  noticeable  absence  appears  in  the 
ulcer  ar^a.  Anti-peristalsis  is  occasionally 
noted  with  gastric  ulcer,  and  while  it  is  not 
necessarily  indicative  of  ulcer,  it  generally  de- 
notes the  existence  of  organic  disease  either  in 
the  stomach  or  duodenum,  with  or  without 
obstruction. 

Carcinomatous  ulcer. — The  roentgenologic 
signs  of  ulcer  differ  so  much  from  those  of 
carcinoma  in  the  larger  number  of  cases  that 
differentiation  requires  no  effort.  A  callous 
ulcer  with  a  niche,  or  a  perforated  ulcer  with 
pocket  formation,  has  no  roentgenologic  re- 
semblance whatever  to  a  well-developed  car- 
cinoma. Usually  ulcers  project  from  the  gas- 
tric contour,  while  in  carcinoma  the  growth 
with  its  resultant  irregularity  extends  into  the 
gastric  lumen.  Between  the  typical  ulcer  and 
the  typical  carcmoma  there  is  a  small  per- 
centage of  cases  in  which  the  roentgenologic 
differentiation  is  impossible. 

DUODENAL    ULCER 

He  states  that  the  roentgenoligic  indications 


of  duodenal  ulcer  may  be  classified  as  follows: 

1.  Direct  signs. 

a.  Deformity  of  the  duodenal  bulb. 

b.  Duodenal  diverticulum. 

2.  Indirect  signs  (diagnostic). 

a.  Gastric  hyperperistalsis. 

b.  Gastric  retention  from  the  six-hour 
meal  (the  combination  of  hyperperis- 
talsis with  gastric  retention  and  a 
normal  gastric  outline  is  diagnostic  of 
duodenal  ulcer  with  obstruction.) 

He  enumerates  deformities  more  or  less 
characteristic  of  duodenal  ulcer  as  follows  : 

1.  General  distortion  with  the  entire  contour 
of  the  bulb  deformed.  This  distortion  is  largely 
due  to  spasm,  which  is  practically  always  per- 
sistent and  unvaiying. 

2.  The  niche  type  in  which  the  excavation 
of  the  ulcer  is  seen  projecting  from  the  bulb. 
This  type  is  rare. 

3.  The  incisura  type  of  deformity,  either 
single  or  bilateral.  The  incisura  occurs  in  the 
plane  of  the  ulcer,  and  may  be  the  sole  abnor- 
mality of  contour  observed.  Unusually  narrow 
but  of  variable  depth,  persistent  and  perman- 
ent as  to  situation. 

4.  The  diminutive  bulb.  This  is  represented 
by  a  small,  compact  mass  of  barium  in  the 
cap.  It  is  usually  produced  by  an  ulcer  sten- 
osing  the  duodenum,  so  that  only  the  proximal 
portion  of  the  bulb  is  filled. 

5.  The  accessory  pocket.  This  results  from 
a  perforated  ulcer  which  has  invaded  tissue 
outside  the  duodenum. 

6.  The  diverticulum.  A  diverticuKim  in  the 
first  part  of  the  duodenum  is  relatively  un- 
common. It  is  found  near  the  pylorus,  and  its 
relationship  with  duodenal  ulcer  and  scars 
seems  well  established. 

Cases  without  ulcer  are  seen  in  which  the 
bulb  fails  to  show  a  normal  contour  simply  be- 
cause of  incomplete  filling.  This  is  likely  to 
happen  in  cases  in  which  the  duodenum  is 
large,  but  the  deception  is  evidenced  by  the 
varying  aspect  of  the  deformity. 

In  an  overwhelming  preponderance  of  cases 
a  constant  deformity  means  duodenal  ulcer. 
Such  deformity  is  not  absolutely  diagnostic, 
since  distortion  of  the  duodenal  shadow  may 
result,  though  rarely,  from  an  adhesion-pro- 
ducing process  in  the  right  upper  abdominal 
quadrant,  or  possibly  from  reflex  spasm  set  up 
by  lesions  outside  the  duodenum. 
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Indirect  signs.  Hyperperistalsis.  Hyperperi- 
stalsis  consists  of  three  or  more  waves  running 
along  the  stomach  at  one  time.  It  is  seen  in  a 
large  proportion  of  cases  and  is  most  exag- 
gerated in  the  obstructive  cases,  but  it  occurs 
also  when  there  is  no  obstruction.  A  character- 
istic feature  is  the  regular  succession  and  sym- 
metrical correspondence  of  the  waves  on  both 
curvatures.  A  mere  exaggeration  of  wave 
depth  should  not  be  confounded  with  hyper- 
peristalsis, since  an  essential  feature  of  the 
latter  is  an  increase  in  the  number  of  waves, 
although  they  may  also  show  unusual  vigor, 
Hyperperistalsis  is  often  intermittent  in  char- 
acter, periods  of  activity  alternating  with 
periods  of  rest.  Of  course  the  phenomenon  of 
hyperperistalsis  is  not  limited  to  duodenal  ul- 
cer, for  it  may  accompany  disease  of  the  gall 
bladder  or  appendix  or  be  seen  normally  in 
the  hypertonic  stomach.  Obstructing  pyloric 
and  prepyloric  lesions  are  sometimes  attended 
by  hyperperistalsis,  but  in  such  cases  the  waves 
are  rarely  uniform  in  depth  and  sequence,  and 
they  are  chiefly  on  the  greater  curvature.  Oc- 
casionally, however,  this  variety  of  peristaltic 
exaggeration  accompanies  a  perforated  duo- 
denal ulcer. 

A  logical  result  of  hypertonus  and  hyper- 
istalsis  is  hypermotility,  provided  no  marked 
obstruction  has  been  produced  by  the  ulcer. 
Generally  speaking,  the  initial  clearance  in 
cases  of  duodenal  ulcer  may  vary  from  a  slight 
increase  to  a  profuse  flow  or  it  may  be  abnor- 
mally scant  with  obstruction,  and  the  moderate 
intermittent  outflow  of  normal  conditions  may 
be  absent.  Hypermotility  is  not  peculiar  to 
duodenal  ulcer,  for  it  is  a  common  effect  of 
gastric  cancer,  achylia,  and  the  diarrheas.  On 
the  other  hand,  about  25  per  cent  of  the  duo- 
denal ulcers  are  sufficiently  obstructive  to  pro- 
duce a  six-hour  retention  in  the  stomach.  If 
in  addition  to  the  gastric  retention  there  is  a 
typical  gastric  hyperperistalsis,  the  diagnosis 
of  a  duodenal  ulcer  by  x-vay  is  quite  as  certain 
as  a  diagnosis  on  any  other  evidence  that  can 
be  obtained. 

Clagett,  a.  V.  The  Treatment  of  Goiter  with 
Radium.  (Illinois  M.  J.,  xxxviii.  No.  4,  p. 
318.,  October,  1920.) 

In  the  author's  opinion,  the  toxic  and 
Graves'  disease  forms  plus  the  malignant  and 
•parenchymatous  types   are  the  only  varieties 


where  radium  would  be  beneficial,  though  ex- 
perimental work  may  show  it  applicable  to  a 
few  of  the  other  forms. 

He  has  treated  to  date  47  cases  of  exoph- 
thalmic goiter  with  radium,  the  patients'  ages 
ranging  from  16  to  74  years.  Of  these  cases 
six  had  already  been  operated  on  with  recur- 
rence of  symptoms  as  bad  or  worse  than  be- 
fore. Seventeen  cases  were  declined  as  oper- 
able risks.  Eight  cases  had  to  be  rayed  the 
second  time  as  the  dosage  was  inadequate  and 
while  the  patients  improved,  the  first  raying 
did  not  give  satisfactory  results.  Two  cases 
with  very  bad  broken  compensation  of  the 
heart  have  died  since  treatment  from  acute 
dilatation,  one  three  months  after  treatment, 
the  other  five  and  one-half  months,  though  in 
both  these  cases  the  pulse  had  showed  an  aver- 
age reduction  of  thirty  beats  and  the  nervous 
symptoms  were  remarkably  reduced.  In  one 
case  out  of  five  there  has  been  no  reduction  of 
the  goiter.  The  circumference  of  the  neck  has 
diminished  from  i^  of  an  inch  to  3^  inches 
in  the  others.  One  woman's  goiter  did  not  de- 
crease until  thirteen  months  had  elapsed  and 
then  suddenly  went  down  i^  inches  in  less 
than  two  months. 

The  exophthalmos  has  been  usually  the  last 
symptom  to  disappear  and  has  remained  in  five 
of  the  cases.  The  pulse  beat  has  been  reduced 
twenty  to  fifty  beats.  Nervous  symptoms  and 
tremors  have  disappeared  entirely  and  the  pa- 
tients gained  in  weight  and  general  well  being. 
There  has  been  symptomatic  cure  in  all  of  the 
cases  treated  with  the  exceptions  noted. 

The  author  believes  radium  should  be  given 
a  trial  in  exophthalmic  goiter.  Surgery  had 
not  been  necessary  in  a  single  one  of  the  forty- 
seven  cases,  some  of  them  extending  back 
nearly  three  years. 

Spencer,  Hunter  B.  Roentgen  Therapy. 
(Charlotte  M.  J.,  Vol.  Ixxxi,  No.  6,  p.  225, 
June,  1920.) 

The  results  to  be  obtained  in  roentgen  ther- 
apy are  in  large  measure  dependent  upon  a 
careful  application  of  the  following  principles : 

1.  Correct  diagnosis  and  knowledge  of  the 
existing  pathologic  process. 

2.  Proper  selection  of  cases  and  recognition 
by  the  roentgenologist  of  the  scope  and  limita- 
tions of  this  agent. 
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3.  Knowledge  and  experience  necessary  for 
the  proper  administration. 

4.  Co-operation  of  the  patient  and  the  fam- 
ily physician  referring  the  case. 

Indications  for  treatment  by  the  roentgen 
ray  are — well  advanced  anemia,  organic  heart 
disease,  diabetes  mellitus,  chronic  nephritis, 
lung  disease  and  goiter  with  heart  symptoms, 
all  patients  beyond  forty  in  whom  there  is  no 
contra-indication.  Young  women  in  whom  it 
would  be  necessary  to  do  a  hysterectomy  in 
order  to  remove  the  growth. 

Contra-Indications. — Where  there  are  small 
pedunculated  tumors,  in  young  women  healthy 
otherwise,  which  can  be  excised  without  de- 
stroying the  reproductive  powers  of  the  pa- 
tient. When  tumors  are  complicated  by  malig- 
nant degeneration  or  are  beginning  to  become 
necrotic.  When  associated  with  disease  of  the 
adnexa,  or  when  the  patient's  condition  is  such 
that  the  danger  of  an  operation  is  less  than 
that  of  a  delay  of  six  or  eight  weeks  which 
would  be  necessary  to  obtain  results. 

The  experience  of  the  writer  and  that  of 
other  roentgenologists  would  suggest  the  fol- 
lowing conclusions: 

Deep  roentgen  therapy  stops  the  hemorrhage 
caused  by  uterine  fibroids  which  is  followed  by 
a  gradual  disappearance  of  the  tumor. 

The  treatment  of  metropathic  hemorrhage  is 
practically  always  successful. 

Uterine  hemorrhage  occurring  at  or  near 
menopause,  when  not  due  to  malignancy,  will 
usually  disappear  quickly. 

Roentgen  therapy  is  a  most  valuable  aid  to 
the  gynecologist. 

RiNEHART,  D.  A.  Evidence  of  Gastrointestinal 
Disease  as  Revealed  by  Roentgenological 
Examination  of  the  Digestive  Tract.  (/. 
Arkansas  Med.  Soc,  Vol.  xvii.  No.  5,  p.  107, 
October,  1920.) 

Roentgenological  examination  as  a  means  of 
diagnosing  diseases  of  the  gastrointestinal  tract 
has  a  distinct  field  of  usefulness.  There  is  no 
other  procedure  that  permits  as  close  and  care- 
ful observation.  It  must  be  emphasized,  how- 
ever, that  only  those  conditions  which  produce 
permanent  change  in  the  stomach  or  intestine 
can  positively  be  detected  by  its  use.  Gastric 
and  duodenal  ulcer,  and  gastric  cancer  are  the 
affections  of  the  stomach  most  readily  diag- 
nosed by  roentgenological  examination.   The 


reliability  of  the  conclusions  depends  on  the 
carefulness  with  which  the  examination  is 
made. 

Frequently  the  evidence  will  be  sufficient 
for  the  roentgenologist  to  make  a  positive  ■ 
statement;  again,  the  findings  may  be  sugges- 
tive but  not  diagnostic.  In  the  latter  instance 
he  can  say  that  pathology  exists  at  such  a  place 
or  he  can  give  his  opinion  of  the  cause  of  the 
trouble  with  the  reasons  for  his  belief.  In  this 
instance  his  diagnosis  should  be  accepted  as 
merely  an  expression  of  his  opinion. 

Marty,  L.  A.  The  Modern  Treatment  of 
Malignancies.  (/.  Mo.  M.  Assn.,  Vol.  xvii, 
No.  7,  p.  271,  July,  1920.) 

In  the  year  1918  there  were  over  65,000 
deaths  in  the  United  States  from  cancer.  Put 
the  life  of  a  cancer  patient  at  three  years  and 
you  have  a  total  of  about  200,000  people  suffer- 
ing at  all  times  from  this  disgusting  and  pain- 
ful condition.  Are  we  doing  our  best  for 
these  cases,  or  are  we  in  a  hopeless  state  of 
mind,  feeling  that  there  is  no  cure?  The  best 
treatment  for  this  class  of  cases  consists  of 
thorough  raying  before  operation,  careful  sur- 
gery, followed  immediately  by  thorough  ray- 
ing, and  this  continued  over  several  months. 

Treatment  by  the  ray  is  always  in  order, 
even  in  the  completely  hopeless  cases,  as  much 
suffering  is  relieved,  toxemia  lessened,  and  the 
patient  made  more  bearable  to  those  about  him. 

Krupp,  D.  D.  The  X-Ray  As  an  Essential 
Guide  for  Producing  Artificial  Pneumo- 
thorax in  Advanced  Cases  of  Pulmonary 
Tuberculosis.  {N.  York  M.  J.,  October  30, 
1920,  p.  670.) 

In  advanced  cases  of  pulmonary  tuberculo- 
sis, the  almost  constant  harassing  cough  and 
frequent  hemorrhages  are  the  most  difficult 
symptoms  to  treat. 

With  the  production  of  an  artificial  pneumo- 
thorax, the  affected  lung  is  collapsed  and  the 
annoying  symptoms  are  more  or  less  perman- 
ently relieved,  certainly  to  a  more  marked  ex- 
tent than  by  the  use  of  narcotics,  and  without 
their  depressing  effects.  The  purpose  of  the 
pneumothorax  in  these  cases  is  not  to  produce 
a  cure,  primarily,  but  to  render  the  patient's 
fife  more  comfortable  and  possibly  increase 
his  chances  for  recovery. 
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In  certain  seemingly  hopeless  cases,  the 
treatment  has  caused  an  apparent  arrestment 
of  the  disease  in  three  selected  cases  cited  in 
this  article.  Two  of  the  advanced  cases  became 
ambulatory,  after  the  patients  had  been  bed- 
ridden for  almost  a  year.  They  have  shown  a 
great  amount  of  improvement. 

Before  a  pneumothorax  is  tried  the  jf-ray 
stands  out  as  the  essential  guide  to  the  clini- 
cian. The  fluoroscope  is  part  of  the  guide.  With 
the  bedside  unit,  the  hand  fluoroscope  is  used 
to  great  advantage.  The  ;ir-ray  plates  give  the 
pathological  findings  as  a  permanent  record, 
while  the  fluoroscope  gives  a  clue  as  to  the  mo- 
bility of  the  chest  and  the  excursion  of  the 
diaphragm  of  the  affected  side. 

The  following  points  were  studied  before 
pneumothorax  was  produced:  (i)  The  extent 
of  the  pathology,  especially  as  to  cavities.  (2) 
Will  the  opposite  lung  be  able  to  furnish  suf- 
ficient pulmonary  tissue  after  the  affected  lung 
has  been  collapsed  in  front  throwing  additional 
risk  to  the  patient?  (3)  Pleurisy  and  ad- 
hesions. 

Curtis,  Arthur  H.  Radium  Treatment  in 
Gynecology.  (  Wisconsin  M.  J.,  Vol.  xix.  No. 
4,  p.  172,  September,  1920.) 

The  author  has  used  radium  for  a  period  of 
five  years.  Each  year  there  has  been  a  relative 
decrease  in  the  percentage  of  major  opera- 
tions, with  a  corresponding  increase  in  the  pro- 
portion of  radium  cases. 

In  the  cases  of  uterine  carcinoma  very  few 
cures  have  been  obtained.  This  is  ascribed  to 
the  fact  that  until  very  recently  only  those  with 
bad  prognosis  have  been  reserved  for  exclu- 
sive radium  treatment,  and  then,  post-operative 
radium  therapy  has  not  been  pushed  to  the 
limit.  In  spite  of  these  unfavorable  statistics, 
experience  supplies  an  ever  increasing  evi- 
dence that  radium  is  the  best  palliative  remedy 
at  our  disposal  in  the  management  of  uterine 
cancer  and  may  entirely  supplant  radical  op- 
eration in  the  treatment  of  this  disease. 

Except  in  very  few  instances  of  62  fibroid 
cases  no  attempt  has  been  made  to  avoid  bring- 
ing on  the  menopause.  Treatment  has  consisted 
in  curettage,  with  intrauterine  application  of 
50  milligrams  for  a  period  of  20  to  24  hours. 

Radium  makes  possible  a  revival  of  treat- 
ment by  myomectomy,  favorable  cases  may 
have  the  larger  tumors  removed,  and  there- 


after go  through  pregnancy  with  the  assurance 
that  radium  will  obviate  the  need  of  a  second 
operation  if  other  fibroids  develop  subse- 
quently. 

In  81  cases  of  the  menopause  hemorrhage 
was  invariably  controlled.  The  technique  was 
essentially  that  used  for  uterine  fibroids. 

FiscHEL,  E.  The  Use  of  Radium  in  Carcinoma 
of  the  Face,  Jaws  and  Oral  Cavity.  (/.  Mo. 
M.  Assn.,  Vol.  xvii.  No.  7,  p.  267,  July, 
1920.) 

In  the  author's  experience,  radium  can  be 
relied  on  to  heal  carcinomatous  ulcers  of  the 
face.  It  is  the  most  efficient  method  of  treat- 
ment of  carcinoma  o  fthe  eyelids  and  has  re- 
placed operative  treatment  of  carcinoma  of  the 
lower  lip  in  a  percentage  of  cases.  Tributory 
glands  should  be  removed  by  open  operation. 

The  initial  dose  of  radium  should  be  the 
maximum  one  deemed  necessary  for  the  com- 
plete destruction  of  the  carcinoma. 

The  persistent  use  of  radiation  after  dem- 
onstrated failure  of  the  growth  to  respond  fa- 
vorably is  to  be  condemned. 

Radium  has  limited  use  in  carcinoma  of  the 
jaws  and  buccal  cavity. 

As  an  adjunct  to  surgery,  radium  is  of  great 
value,  as  its  small  bulk,  diffuse  and  powerful 
action  permit  it  to  be  implanted  in  small  cav- 
ities otherwise  inaccessible  to  any  method  of 
approach. 

ScHMiTZ,  Henry  (Chicago).  The  Indications 
for  Radium  Therapy  in  Surgical  Conditions 
of  the  Pelvic  Organs.  {Wisconsin  M.  J., 
Vol.  xix.  No.  4,  p.  157.,  September,  1920.) 

The  biological  reaction  of  cancer  cells  to 
radiation  offers  the  best  evidence  of  the  thera- 
peutic and  curative  efficacy  of  the  gamma  rays 
of  radium  and  the  hard  roentgen  rays.  The 
efficacy  of  the  treatment  must  be  based  on  the 
demonstrable  reduction  in  the  size  of  the  tu- 
mor and  not  on  the  local  changes  and  improve- 
ment in  the  subjective  condition  of  the  patient. 

Considering  that  surgery  can  remove  car- 
cinoma tissue  but  not  change  the  proliferative 
activity  of  the  cancer  cell  and  that  radium  and 
roentgen  rays  will  arrest  the  active  mitotic 
power  of  cancer  cells  but  cannot  remove  them, 
it  is  obvious  that  in  the  treatment  of  cancer 
disease  we  must  resort  to  the  combined  method 
of  surgery  and  ray  therapy  provided  the  case 
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in  question  is  a  clearly  operable  one.  In  border- 
line and  clearly  inoperable  primary  and  recur- 
rent carcinomata  we  must  confine  the  treat- 
ment solely  to  ray  therapy. 

The  author  reports  the  clinical  results  ob- 
served in  265  cases.  Subtracting  21  clearly 
operable  cases,  there  are  left  244  that  formerly 
would  have  been  considered  absolutely  hope- 
less. Thirty-two  of  the  244  cases  have  sur- 
vived a  period  of  two  or  more  years,  during 
■  which  time  they  enjoyed  perfect  health  and 
working  capacity.  Eleven  of  these  have  suc- 
cumbed and  21  are  alive. 

GiFFiN,  C.  E.  Artificial  Menopause  Induced  by 
the  X-Ray.  {Colorado  Med.,  Vol  17,  No.  4, 
p.  84,  April,  1920.) 

This  report  is  based  on  thirty  consecutive 
cases  selected  for  ;r-ray  treatment  between  the 
year  1914  and  1920.  Excessive  menstrual  flow 
constituted  the  chief  indication  for  treatment 
in  thirteen  cases  of  this  series.  Many  of  them 
were  cases  of  menorrhagia  of  the  early  meno- 
pause. Of  these  thirteen  complete  arrest  of 
hemorrhage  and  complete  suppression  of 
menses  were  attained  in  each  instance. 

In  five  cases  the  reduction  of  definite 
fibroids  was  the  chief  indication  for  treatment. 

Combined  indications  of  menorrhagia  and 
palpable, fibroids  were  frequently  encountered. 
There  were  six  such  cases  in  this  group,  mak- 
ing a  total  of  eleven  in  which  fibroids  were  a 
factor.  Of  these  eleven,  symptomatic  cure  was 
attained  in  each  instance  but  three. 

Recurrence  of  flow  following  primary  dis- 
charge from  treatment  occurred  in  four  in- 
stances. 

Twenty-one  of  the  thirty  manifested  before 
the  completion  of  treatment  more  or  less  symp- 
tomatology suggestive  of  the  menopause.  In 
two  of  these  cases  the  symptoms  warranted  the 
use  of  ovarian  extract. 


As  to  technique:  The  first  dose  is  adminis- 
tered in  halves  with  one  week  interval;  be- 
yond that  the  patient  is  given  the  full  dose  at 
one  sitting  and  that  is  repeated  every  three 
weeks  until  one  period  is  definitely  missed.  In 
the  fibroid  cases  treatment  is  continued  with  a 
four  weeks  interval  until  the  desired  result  is 
obtained.  Only  two  areas  are  exposed,  one 
anterior  just  above  the  pubes  and  the  other 
posterior  over  the  sacrum.  The  treatment  cone 
is  six  inches  in  diameter  and  is  provided  with 
a  three  and  one-half  mm.  aluminum  filter  with 
a  wooden  compression  surface  on  the  opposite 
end.  A  supplementary  filter  of  one  and  one- 
half  mm.  is  always  added  in  treatment  of  this 
class  of  cases.  The  exposure  time  is  sixteen 
minutes  in  the  anterior  and  sixteen  in  the  pos- 
terior position,  with  a  spark  gap  of  seven  and 
a  half  inches  with  five  ma.  going  through  the 
tube.  The  skin-focus  distance  is  always  nine 
inches. 

Age  is  the  essential  factor  in  determining  the 
number  of  exposures  required  for  menstrual 
suppression.  Anatomical  conformation  is  the 
other  factor.  When  these  are  known  it  is  sur- 
prising how  accurately  one  can  estimate  the 
probable  total  time  under  treatment.  Ages 
ranged  from  twenty-eight  to  fifty-four  in  this 
series.  The  fewest  number  of  treatments  given 
was  three,  in  one  of  the  cases  close  to  the  time 
for  the  natural  menopause.  The  greatest  num- 
ber was  thirteen,  in  one  of  the  younger  of  the 
series.  The  average  time  under  treatment  was 
twenty-one  weeks. 

In  conclusion  the  author  emphasizes  that 
careful  history,  examination  and  care  in  selec- 
tion can  define  a  large  group  of  pelvic  cases 
which  are  better  treated  by  the  .sr-ray  than  by 
any  other  means  available.  On  the  other  hand, 
without  the  greatest  of  care,  the  :r-ray  may 
easily  inflict  upon  the  patient  irreparable  dis- 
aster. 
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T\  R.  STEWART'S  first  experience  in 
-*-^  outlining  the  bronchial  tree  with  bis- 
muth mixture  was  purely  accidental.  In 
October,  191 5,  while  fluoroscoping  an  old 
man  with  an  esophageal  obstruction,  he  ol)- 
served  some  of  the  bismuth  paste  passing 
from  the  esophagus  directly  into  the  trachea 
through  a  fistulous  opening,  a  portion  of  the 
paste  passing  down  into  the  lower  bronchi.  A 
roentgenogram  was  immediately  taken.  The 
patient  had  three  or  four  coughing  spells, 
bringing  up  particles  of  bismuth  paste,  and 
the  following  day  he  seemed  none  the  worse 
for  his  experience.  The  examination  was 
repeated  about  a  week  later  with  no  ill 
effects. 

Upon  investigation  Dr.  Stewart  found 
that  a  number  of  similar  cases  had  been  re- 
ported. It  occurred  to  him  at  that  time  that 
with  proper  precautions  the  injection  of 
opaque  substances  into  the  lung  through  the 
bronchoscope   could   be    safely   undertaken. 

It  was  evident  that  advancement  along 
this  line  was  slowly  being  made,  for  in  191 7 


Dr.  Sidney  Yankauer  treated  a  case  of  bron- 
chiectasis by  direct  applications  of  iodine  so- 
lution to  the  diseased  area  through  the 
bronchoscope.  In  conjunction  with  Dr.  Willy 
Meyer  and  Doctor  Yankauer,  this  patient 
was  carefully  watched  roentgenographically. 
Complete  recovery  occurred. 

Between  191 5  and  1920  two  cases  of 
tracheo-esophageal  fistula  came  under  obser- 
vation in  which  the  main  bronchial  tree  on 
both  sides  was  outlined  by  bismuth  paste 
escaping  from  the  esophagus  through  a  fis- 
tula into  the  trachea.  Early  in  1920,  the  same 
phenomena  occurred  in  a  case  of  carcinoma 
of  the  esophagus  located  just  above  the  arch, 
complicated  by  laryngeal  paralysis ;  also,  in 
a  patient  suffering  from  carcinoma  involving 
the  laryngopharynx.  In  both  these  cases  the 
bismuth  paste  entered  the  trachea  beneath  the 
epiglottis,  which  was  imperfectly  closed. 
Repeated  roentgen  examination  of  these  two 
patients  did  not  cause  any  ill  effect. 

During  Dr.  Stewart's  army  experience  at 
Biltmore,  N.   C,  while  examining  patients 
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suffering  from  chronic  empyema,  he  fre- 
quently injected  bismuth  mixtures  into  an 
empyemic  cavity  which  had  direct  communi- 
cation through  a  pleuro-pulmonary  fistula 
with  a  branch  bronchus.  The  bismuth  mix- 
ture would  permeate  many  of  the  bronchial 
branches,  be  retained  long  enough  to  enable 
him  to  obtain  satisfactory  roentgenograms, 
and  then  would  be  expectorated.  Such  an  oc- 
currence, whether  accidental  or  intentional, 
did  not  seem  seriously  to  disturb  the  patient. 

The  experience  mentioned  above  strength- 
ened his  belief  that  if  accidental  entrance 
could  occur  without  danger,  injections  might 
be  done  deliberately  and,  when  combined 
with  roentgen  examination,  be  used  for 
diagnostic  purposes. 

Dr.  C.  Jackson,  of  Philadelphia,  during 
1918,  reported  a  case  before  the  American 
Laryngological  Association,  in  which  the 
main  bronchi  on  the  right  side  were  outlined 
roentgenographically,  after  insufflating  dry 
bismuth  through  the  bronchoscope. 

Drs.  J.  C.  Bullowa  and  C.  Gottlieb  of  New 
York,  in  1919,  reported  some  experimental 
studies  on  living  animals  in  which  the 
bronchi  had  been  injected  with  bismuth  and 
barium  mixtures,  roentgenographic  oliserva- 
tions  of  which  brought  out  details  of  the 
bronchial  tree  heretofore  never  thought  pos- 
sible. The\-  were  able  to  demonstrate  a 
"wave-like"  peristaltic  action  in  the  bronchi 
and  trachea. 

So  far  as  we  are  able  to  ascertain,  it  was 
not  until  early  in  1920  that  any  successful 
efforts  were  made  to  outline  roentgenograph- 
ically lung  cavities  after  the  injection  of 
opaque  substances  through  the  bronschscope. 
In  May,  1920,  Dr.  Lynah,  of  New  York, 
presented  a  short  preliminary  report  on  the 
subject  before  the  American  Laryngological 
Association;  he  reported  two  cases  of  lung 
abscess  which  had  been  successfully  mapped 
out  roentgenographically  after  the  injection, 
bronchoscopically,  of  aqueous  and  oily  mix- 
tures of  bismuth  subcarbonate  directly  into 
the  area  of  diseased  lung;  both  these  patients 
have  since  been  repeatedly  examined  by  the 
authors  and  are  included  in  the  five  cases  re- 
ported in  this  communication. 


Case  L  A  man  of  twenty-six  years  wha 
developed  a  lung  abscess  in  July,  1919,  after 
having  aspirated  sea-water  while  in  swim- 
ming. He  went  out  too  far,  became  ex- 
hausted and  went  under ;  was  hauled  out  and 
by  first  aid  measures  soon  revived. 

One  week  later  he  suffered  from  what  was 
supposed    to    be    bronchopneumonia ;    there 


Fig.  I.  Case  i.  Lung  Abscess  One  Month  after 
First  Injection.  A.  Abscess  cavity  faintly  outlined. 
B.  Remains  of  bismuth  which  infiltrated  the  lung 
structure  at  the  time  of  the  first  injection. 


was  a  great  deal  of    foul  expectoration  at 
that  time. 

Within  one  month  the  acute  symptoms  had 
subsided,  but  he  continued  to  expectorate 
large  quantities  of  pus.  He  was  sent  to  New 
Platz,  N.  Y.,  with  a  diagnosis  of  pulmonary 
tuberculosis  even  though  no  tubercle  bacilli 
were  found  in  the  sputum.  There  he  had 
several  hemorrhages ;  the  sputum  showed 
numerous  streptococci,  he  had  fever  and 
complained  of  having  a  "bubbling"  sensation 
in  his  right  chest.  There  were  several  night 
sweats.  Li  February,  1920,  the  patient  con- 
sulted Dr.  F.  W.  Corwin  of  Newark,  N.  J., 
who  referred  him  to  Dr.  Lynah  for  broncho- 
scopic  examination. 
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Roentgenographic  studies  made  by  Dr. 
Corwin  showed  a  definite  shadow  over  the 
right  lower  lobe  surrounded  by  a  "pus 
soaked"  area  of  infiltrated  lung  tissue.  The 
diaphragm  was  attached  and  pulled  upward. 
The  roentgenologist  in  his  report  stated  that 
there  was  a  fluid  level  and  gas  bubble  in  an 
abscess  cavity- ;  this  however  Dr.  Lvnah  was 


on  the  right  side  was  examined  and  found, 
on  coughing,  to  be  free  from  pus.  Pus  was 
noted  coming  out  of  the  right  middle  lobe 
branch,  which  was  directly  anterior,  but, 
after  this  branch  was  sucked  out,  and  the  pa- 
tient instructed  to  cough,  no  pus  was  in  evi- 
dence. The  lower  lobe  branches  were  filled 
with  pus;  this  was  removed  by  suction  and 


Fig.  2.  Case  i.  Lung  Aescess.  Immedi.\tely  .\fter 
Second  Injection.  A.  Ahscess  cavity  outlined  with 
bismuth  suspended  in  sweet  oil.  Small  cavities  and 
bronchial  branches  in  involved  area  also  outlined. 
B.  Remains  of  bismuth  infiltrated  into  lung  structure 
from    first   injection.    C.    Main   bronchia!   liranches. 

unable  to  make  out.  There  was  profuse  ex- 
pectoration of  foul  smelling  pus,  and  the  pa- 
tient stated  that  he  had  coughed  up  as  much 
as  would  fill  two  large  preserve  jars  every 
twenty-four  hours. 

He  was  bronchoscoped  after  further  stud}- 
of  the  roentgenograms.  The  bronchoscopist 
noted  a  profuse  discharge  of  pus  pouring  out 
of  the  mouth  of  the  bronchoscope.  It  was 
very  foul  smelling  and  Ijlood-tinged.  A  7  mm. 
bronchoscope  was  introduced  so  as  to  make  it 
possible  to  study  and  explore  the  lower  lobe 
branches.  After  thorough  evacuation  of  the 
pus-filled  bronchi,  the  superior  lol:e  branch 


Fig.  3.  Case  i.  Lung  Abscess  Five  AIonths  after 
Injection.  A.  Area  of  diseased  lung.  B.  Small 
amount  of  bismuth  still  remaining  in  lung  structure 
from  first  injection. 

each  branch  examined  in  turn  and  the  ])atient 
instructed  to  cough  ;  by  this  means  the  branch 
bronchus  from  which  the  pus  was  coming 
could  be  definitely  located.  The  small,  but 
constant  ejection  of  pus  with  each  cough, 
pointed  toward  the  right  anterior  branch; 
this  branch  was  sucked  out;  however,  pus 
appeared  in  the  mouth  of  the  bronchus  with 
each  cough  in  spite  of  suction.  The  long 
slanting  end  of  the  bronchoscope  was  then 
insinuated  into  this  branch.  It  was  now  noted 
that  there  were  many  granulations  present 
which  bled  freely.  About  one  ounce  of  bloody 
pus  was  aspirated  at  this  time  into  a  sterile 
bottle  and  examined  by  Dr.  George  S.  Dixon 
of  the  New  York  Eye  and  Ear  Infirmary, 
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who  reported  as  follows:  "The  pus  removed 
bronchoscopically  from  the  lung  abscess  of 
Mr.  F.  H.  shows  a  pure  culture  of  Free- 
lander  bacillus."  This  was  extremely  inter- 
esting, for  the  most  virulent  cases  which  we 
see  in  the  summer  caused  by  swimming  about 
New  York  harbor  are  usually  due  to  the 
Freelander  bacillus,  one  of  the  colon  group. 
This  man  had  a  lung  abscess  caused  by  the 
inspiration  of  sea- water  about  New  York- 
harbor. 


Fig.  4.  Case  .11.  Lung  Abscess  Before  Injection.  A. 
Abscess  cavity  showing  fluid  level  with  air  l)ubl)le 
above.  B.  Pus  soaked  in  filtered  area  of  lung  struc- 
ture surrounding  the  a1)scess. 

For  definite  lung  mapping  the  al^scess  cav- 
ity was  injected  the  following  week  with  a 
mixture  of  bismuth  subcarbonate  in  olive  oil 
(1-2).  The  right  anterior  liranch  was  in- 
jected around  a  corner  by  a  speciallv  made 
curved  spiral  cannule ;  8  c.c.  of  bismuth  mix- 
ture was  injected  slowly  so  as  not  to  infil- 
trate the  surrounding  lung  tissue,  and  within 
five  minutes  from  this  time  the  patient  wns 
flurorscoped  by  Dr.  Charles  Gottlieb,,  and 
some  very  interesting  observations  made.  By 
fluoroscopy  the  cavities  filled  with  the  opacpte 
mixture  cotild  be  distinctly  seen.  Roentgeno- 


grams were  also  taken  in  all  positions  and  a 
set  of  stereoscopic  plates  made.  Within  ten 
minutes  the  patient  was  again  fluoroscoped 
and  the  bismuth  mixture  was  seen  coming 
out  of  the  abscess  cavity  and  flowing  upward. 

He  had  not  coughed  up  to  this  time,  for  he 
was  breathing  as  cpiietly  as  possible.  He  did 
have  considerable  cough,  however,  immedi- 
ately after  the  removal  of  the  bronchoscope, 
but  the  fluoroscopic  studies  made  by  Drs. 
Gottlieb,  Corwin  and  Lynah  did  not  show 
anv  bismuth  in  the  bronchi ;  it  was  only  in  the 
abscess  cavities.  While  the  bismuth  was  com- 
ing out  of  the  abscess  cavities  into  the  bron- 
chial tree,  it  was  noted  that  it  did  not  flow 
downward  but  upward,  and  roentgenograms 
taken  at  the  time  showed  the  rniddle  and  su- 
perior lobe  Ijranches  well  outlined  by  the 
opaque  mixture  while  the  lower  lobe 
branches  remained  free.  Shortly  after  the  pa- 
tient complained  of  such  bubbling  that  he 
was  compelled  to  cough,  and  expectorated 
about  2  c.c.  of  the  bismuth  mixture. 

From  these  observations,  Drs.  Gottlieb 
and  Lynah  agree  that  probably  there  is  an- 
other mechanism  besides  cough  and  the  ac- 
tic:»n  of  cilia  which  causes  expulsion  of  se- 
cretions from  the  tracheo-bronchial  tree. 

Roentgenograms  taken  before  the  injec- 
tion did  not  show  a  definite  outline  of  the 
abscess. 

Another  injection  of  bismuth  was  made 
one  month  later,  at  which  time  the  roent- 
genographic studies  were  made  by  Dr.  Stew- 
art at  the  Lenox  Hill  Hospital,  who  reported 
as  follows: 

"Fluoroscopic  and  roentgenographic  ex- 
amination, to  ascertain  how  long  the  bismuth 
would  remain  in  the  abscess  cavities  and  also 
how  long  it  remained  in  the  lobular  structure 
into  which  it  had  infiltrated,  showed  that  the 
bismuth  mixture  started  to  make  its  exit 
from  the  bronchial  tree  within  a  short  time 
after  injection.  It  remained  much  longer  in 
the  abscess  cavities  and  lobular  structures, 
but  eventually  disappeared."  Li  abscess  cav- 
ities it  may  remain  from  two  weeks  to  two- 
months,  the  shadow  growing  less  opacjue  un- 
til  it   finally   disappears.    This   perhaps   ac- 
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counts  for  the  improvement  of  the  patient 
and  the  diminution  of  the  quantity  of  pus 
expectorated  and  the  disappearance  of  odor. 
The  injection  of  bismuth  mixtures,  while 
done  for  the  purpose  of  outhning  the  lung  in 
order  to  locate  definitely  the  abscess  cavities, 
seemed  to  have  a  beneficial  effect  on  the  pa- 
tient. There  was  no  odor  to  the  pus  expector- 
ated after  the  second  injection;  this  was  so 
pronouned  that  the  patient  noticed  it  him- 
self and  said  that  he  no  lonijer  had  a  foul 


out  toward  the  periphery,  which  from  the 
"pus  soaked"  spongy  lung  structure  sur- 
rounding it  appeared  much  larger  than  it 
really  was,  and  also  suggested  some  pleural 
involvement. 

The  patient  had  had  a  tonsillectonn-  per- 
formed one  week  before  admission  bv  an  ex- 
pert laryngologist.  At  the  time  of  admission 
she  was  expectorating  250  c.c.  of  pus  every 
twenty-four  hours,  and  her  general  condition 
was  poor. 


Fig.  5.  Case  ii.  Lung  Abscess  Directly  after  In- 
jection. A.  Abscess  cavity  outlined  with  bismuth 
suspended  in  sweet  oil.  B.  Bismuth  outlining  small 
cavities  surrounding  large  as  well  as  dilated 
bronchial  branches.  C.  Bismuth  infiltrated  into  lung 
strucUu-e.  D.  Main  lironchial  1>ranches. 

breath,    for    the   bad    smell    and    taste   had 
disappeared. 

This  case  is  still  under  observation. 

Case  II.  A  young  lady  of  twenty  years 
was  seen  in  consultation  with  Drs.  Willy 
Meyer  and  Richard  Jordan.  The  patient  was 
admitted  to  the  Lenox  Hill  Hospital  and 
bronchoscoped  shortly  thereafter.  Roent- 
genograms showed  what  appeared  to  be  a 
very  large  abscess  in  the  left  upper  lobe  well 


Fig.  6.  Case  11.  Lung  Aisscess  Two  Months  After 
Injection.  A.  Remains  of  abscess  cavity.  B.  Small 
amount  of  liismuth  still  remaining  in  contracted 
cavities.  C.  Remains  of  bismuth  which  infiltrated 
lung  structure. 


Bronchoscopv  with  a  7  mm.  tube  showed 
pus  pouring  out  of  the  bronchoscopic  tube ; 
all  the  pus  having  been  sucked  out,  the  left 
bronchus  was  entered.  There  was  an  edema- 
tous bronchial  stenosis  of  the  upper  lobe  ori- 
fice with  a  small  opening  from  which  free 
pus  was  expelled  with  each  cough ;  in  addi- 
tion, a  membranous  placjue  was  present 
which  also  obstructed  drainage  from  the 
upper  lobe.  The  long  slanting  end  of  the  7 
mm.    tube   was   gently   introduced   into  the 
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mouth  of  the  upper  lobe  orifice  separating 
the  edematous  stricture ;  the  memliranous 
plaque  was  removed  by  suction.  After  evacu- 
ating as  well  as  possible  the  upper  lobe 
branch,  the  lower  lobe  branches  were  exam- 
ined but  no  pus  was  found  in  same.  The 
upper  lobe  branch  was  again  entered  and  the 
patient  instructed  to  cough  ;  with  each  ex[)al- 
sive  cough  there  would  be  a  gush  of  pus  from 
this  branch.   The  bronchus  was  a])parentl}' 


Fig.  7.  Case  hi.  Bronchiect.\sis  Before  Injection. 
A.  Area  of  diseased  lung,  with  faint  evidence  of 
cavitation.  B.  Resected  ribs.  Thickened  pleura.  C. 
Thickened  pleura  right  diaphragm  "hooked  up" 
with  adhesions. 

draining  much  more  freelv  since  the  edema- 
tous stricture  had  been  opened.  With  a  10 
inch  vacuum  the  bronchus  was  once  more  as- 
pirated and  after  fifteen  minutes  the  bron- 
choscopic  tube  removed. 

The  following  week  the  patient  had  im- 
proved somewhat,  but  the  amount  of  pus  had 
not  greatly  decreased. 

Dr.  Lynah  again  bronchoscopicallv  aspir- 
ated the  upper  lobe  branch,  and  then  decided 
to  inject  the  bismuth  and  oil  mixture  in  order 
to  map  out  roentgenographically  the  abscess 
cavity.  With  the  curved  spiral  cannula,  8  c.c. 


of  bismuth  subcarbonate  in  olive  oil  was  in- 
jected too  forcibly,  so  that  some  of  it 
squirted  out  of  the  spiral  and  passed  down- 
ward into  the  lower  lobe  branches  (leakage 
out  of  the  spiral  will  not  occur  if  the  bismuth 
is  injected  slowly,  nor  will  it  infiltrate  the 
lobular  structures  of  the  lung).  The  upper 
lobe  branches  of  the  lung  abscess  were  also 
injected,  the  bismuth  sticking  to  the  wall  of 
the  cavity  and  thus  marking  it  out.  Several 
smaller  abscesses  were  now  noted,  whereas 
in  the  plate  before  injection  the  cavity  was 
interpreted  as  being  very  large.  The  bismuth 
mixture  did  not  infiltrate  the  lobular  struc- 
tures in  the  upper  lobe.  Stereoscopic  plates 
showed  the  abscess  cavities  well  anterior  and 
out  toward  the  periphery,  while  the  mass, 
which  had  leaked  down  into  the  lower  lobe 
branches,  was  well  posterior.  A  lateral  plate 
taken  at  this  time  showed  the  relations  of  the 
upper  anterior  lobe  abscess  cavity,  which  was 
clearly  defined,  to  the  posterior  dull  opaque 
fan-shaped  areas  due  to  gravitation  into  the 
dorsal  branch. 

The  bismuth  was  expelled  from  the  lung, 
as  in  the  other  patient,  within  twentv  min- 
utes after  the  injection.  As  some  of  the  bis- 
muth had  leaked  downward  into  the  lower 
lobe  branches,  it  was  impossible  to  state 
whether  or  not  the  bismuth  started  immedi- 
ately to  be  expelled  outward,  as  in  the  first 
patient,  or  whether  it  had  gravitated  into  the 
lower  lobe  branches  after  it  started  to  be 
expelled. 

The  patient  was  studied  from  time  to  time 
with  the  fluoroscopic  screen  and  further 
roentgenograms  taken.  At  the  end  of  one 
week  there  was  still  bismuth  present,  both  in 
the  abscess  cavity  and  in  the  lower  lobe  of 
the  lung  wdiere  no  abscess  existed ;  this 
looked  somewhat  like  an  abscess  cavity,  but 
was  seen  roentgenographically  as  an  irregu- 
lar area  of  opaque  dullness,  and  did  not  have 
the  metallic  luster  of  the  bismuth  in  the  ab- 
scess ;  this  is  one  of  the  distinguishing  points 
between  infiltration  of  bismuth  into  the  lobu- 
lar structure  of  the  lung  and  bismuth  in  an 
abscess  cavity. 

The  patient  improved  after  the  injection, 
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Fig.  8.  Case  hi.  Bronchiecta.sis  Immediately  after      Fk;.  9.  Case  hi.  Bronchiectasis  Six  Weeks  After 


Injection.  A.  Cavities  mapped  out  with  bismuth 
suspended  in  sweet  oil.  B.  Resected  ril)s.  Thickened 
pleura.  C.  Thickened  pleura.  Right  diaphragm 
"hooked  up"  with  adhesions. 


Injection.  A.  Involved  area  of  lung  free  from 
bismuth.  B.  Resected  rilis.  Thickened  pleura.  C. 
Thickened  pleura,  diaphragm  caught  in  mass  of 
adhesions. 


in  a  manner  similar  to  Case  I.  The  pus  de- 
creased from  her  lung,  and  the  amount  of 
measured  sputum  in  twenty-four  hours  de- 
creased from  250  c.c.  to  30  c.c.  The  odor  was 
decidedly  less  and  the  patient's  general  health 
improved. 

Bismuth  was  still  present  in  the  lung  when 
fluoroscoped  ten  days  after  injection,  al- 
though both  shadows  were  diminishing  in 
density  and  the  lung  abscess  was  apparently 
clearing  up. 

The  patient  suffered  no  discomforts  fol- 
lowing two  injections  of  bismuth  into  her 
lung.  She  ate  and  slept  well  and  had  but  little 
cough.  She  was  bronchoscoped  twice  after 
the  injection  and  we  were  not  able  to  recover 
any  of  the  bismuth  by  suction,  e\'en  though 
it  was  still  present  in  the  lung.  At  a  later 
bronchoscopic  examination  there  was  very 
little  pus  recovered  by  suction  and  no  pus 
was  expelled  from  the  bronchus  when  the  pa- 
tient was  instructed  to  cough. 

The  patient  is  still  under  observation. 

Case  III.  A  female,  S.  M.,  age  twenty-five 
years.  On  March  26,  191 8,  she  had  her  ton- 
sils and  adenoids  removed.  Ten  days  follow- 
ing the  operation  the  patient  began  coughing 


Fig.  10.  Case  iv.  Bronchiectasis.  Before  Injection. 
A.  Area  of  cavitation.  B.  Fixed  diaphragm  with 
thickened  pleura  and  bands  of  adhesions. 

up  small  cjuantities  of  foul-smelhng  sputum, 
thick  and  yellowish  in  character;  the  amount 
gradually  increased  and  occasionally  the 
sputum  was  streaked  with  blood.  There  was 
pain  and  soreness  in  the  lower  part  of  the 
chest. 

She  was  operated  in  May,  191 9.  Rib  re- 
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section  was  performed  and  the  cavity  Dakin- 
ized;  no  abscess  was  found.  The  following 
September  the  incision  was  reopened  and  the 
tube  placed  in  the  cavity ;  there  was  no  drain- 
age ;  very  little  improvement  occurred.  In 
November,  191 9,  a  new  incision  was  made 
lower  down  with  resection  of  a  rib;  a  tube 
was  left  in  the  cavity,  but  no  drainage  oc- 
curred. In  January,  1920,  the  incision  was 
reopened  and  extended  backward.  An  abscess 


pleuritic  thickening  involving  the  upper  and 
middle  lobes  on  the  right  side;  the  right 
diaphragm  was  partially  fixed  with  adhe- 
sions. In  the  lower  portion  of  the  upper  right 
and  the  upper  portion  of  the  middle  right 
lobes  there  was  increased  density  with  here 
and  there  evidence  of  cavitation. 

The  patient  was  bronchoscoped  on  May 
25,  1920.  Abundant  purulent  secretion  was 
discharging  from  the  upper  lobe;  8  c.c.  of  a 


Fig.  II.  Case  iv.  Bronchiectasis.  Immediateey  Af- 
ter Injection.  A.  Area  of  cavitation  outlined  with 
bismuth  suspended  in  sweet  oil.  B.  Thickened 
pleura  with  adhesions.  Right  diaphragm  "hooked 
up"  and  fixed. 

was  opened  and  a  tube  left  in  for  drainage, 
which  amounted  to  four  ounces  on  the  first 
day  and  two  ounces  on  the  second  day.  The 
discharge  gradually  decreased,  the  tube  was 
removed  and  the  wound  healed. 

About  six  weeks  later  she  began  coughing 
and  raising  foul-smelling  sputum  again  and 
gradually  became  worse  until  she  was  ad- 
mitted to  the  Lenox  Hill  Hospital  on  May 
17,  1920. 

On  May  22,  1920,  a  preliminary  fluoro- 
scopic combined  with  stereo-roentgeno- 
graphic    examination    showed    evidence    of 


Fig.  12.  Case  iv.  Bronchiectasis.  Four  Months 
After  Injection.  A.  Area  oi  cavitation.  Small 
amount  of  bismuth  still  present.  B.  Some  clearing 
of  lung  at  right  base.  Thickened  pleura  with  adhe- 
sions. Right  diaphragm  "hooked  up"  and  fixed. 

mixture  of  bismuth  subcarbonate  in  sterile 
olive  oil  (1-2)  was  injected  in  the  upper 
lobe  bronchus ;  this  was  followed  by  a  fluoro- 
scopic as  well  as  a  stereo-roentgenographic 
examination  which  showed  that  some  of  the 
bismuth  mixture  had  reached  the  diseased 
area,  but  not  sufficient  to  map  out  the  cav- 
ities satisfactorily. 

A  roentgen  re-examination  on  June  9th 
showed  much  the  same  condition  as  reported 
on  May  22d.  Most  of  the  bismuth  had 
disappeared. 

On  July  8th  the  patient  was  again  broncho- 
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scoped,  the  main  upper  lobe  being  injected 
as  previously.  The  stereo-roentgenograms, 
taken  almost  immediately  after  the  injection, 
showed  with  excellent  detail  the  numerous 
cavities  in  the  lower  portion  of  the  upper  and 
the  upper  portion  of  the  middle  right  lobes. 

The  patient  is  still  under  observation  and 
shows  continued  improvement. 

Case  IV.  A.  L.,  a  young  girl  twenty  vears 


Fig.  13.  Case  v.  Lung  Ar.scESS.  One  Month  Before 
Injection.  A.  Lung  abscess  showing  fluid  level  with 
air  bubble  above  cavity  surrounded  by  pus-soaked 
infiltrated  area  of  lung  structure. 

old,  was  admitted  to  the  Lenox  Hill  Hos- 
pital in  June,  1920,  with  the  following 
history: 

Tonsils  had  been  removed  two  years  pre- 
viously. Following  the  operation  she  was 
taken  home  in  an  open  car,  with  consider- 
able exposure.  Pneumonia  developed ;  the 
cough  continued,  and  two  weeks  later  she 
began  expectorating  large  quantities  of  foul 
smelling  pus.  This  condition  persisted  up  to 
the  time  of  her  admission  to  the  hospital. 

A  preliminary  fluoroscopic  combined  with 
stereo-roentgenographic  examination,  on 
June    19,    1920,    showed    marked    pleuritic 


thickening  over  the  middle  and  lower  right 
lobe ;  the  right  diaphragm  was  "hooked  up" 
with  adhesions  and  there  was  considerable 
increased  density  in  the  middle  and  lower 
right  with  evidence  of  cavitation,  especiallv 
in  the  lower  lobe. 

June  20,  1920,  bronchoscopic  examination 
showed  pus  coming  from  the  middle  and 
lower  right  lobes ;  none  from  the  upper.  A 
mixture  of  8  c.c.  of  bismuth  subcarbonate  in 
sterilized  olive  oil  was  injected  into  the 
bronchi  of  the  middle  and  lower  right. 

Roentgen  examination,  made  as  soon  as 
possible  after  the  injection,  showed  the 
iM'onchi  within  the  diseased  area  well  out- 
lined, with  numerous  cavities  clearly  demon- 
strated. 

When  the  patient  entered  the  hospital  she 
expectorated  300  to  500  c.c.  per  day.  Since 
the  injection  gradual  improvement  has  oc- 
curred with  marked  diminution  in  the 
(|uantity  of  expectoration. 

The  patient  is  still  under  observation. 

Case  V.  E.  E.,  male,  age  twenty-four 
years,  entered  the  Lenox  Hill  Hospital  on 
June  18,  1920,  with  following  history: 

Had  tonsils  removed  June  5,  1920;  six 
days  later  developed  a  cough  which  became 
productive  on  about  the  ninth  day.  On  ad- 
mittance his  chief  complaint  was  cough  with 
expectoration,  and  pain  in  the  joints. 

June  23,  1920,  a  preliminary  roentgen  ex- 
amination was  made  which  revealed  a  dense 
triangular  area  in  the  lower  portion  of  the 
upper  right  lobe ;  in  the  center  of  this  pus- 
soaked,  spongy  area  of  infiltrated  lung  tissue, 
a  fluid  level  with  an  air  bubble  above  could 
be  made  out,  indicating  a  large  abscess. 

On  June  29th  he  was  bronchoscoped,  a 
9  mm.  tube  being  used.  Pus  was  seen  coming 
from  the  right  upper  lobe  bronchus  only. 
About  10  c.c.  of  bismuth  subcarbonate  in 
sterilized  olive  oil  (1-2)  was  injected  into 
the  right  upper  bronchus;  this  was  followed 
by  roentgen  examination  which  showed  the 
lower  bronchus  outlined  by  the  injection, 
very  little  if  any  having  passed  into  the  dis- 
eased area. 


58 


Roentgenographic  Studies  of  Bronchiectasis  and  Lung  Abscess 


He  was  again  bronchoscoped  on  July  8th. 
Pus  was  still  obtained  from  the  right  upper 
bronchus  which  was  again  injected  with  l)is- 
nnith  suspension.  Fluoroscopy  and  stereo- 
roentgenograms  showed  bismuth  outlining 
the  numerous  cavities;  some  of  the  mixture 
had  infiltrated  into  the  lobular  structures 
well  out  toward  the  periphery  of  the  upper 
portion  of  the  dense  area. 

The  quantity  of  sputa  gradualh-  dimin- 


2.  The  injection  of  an  opaque  substance 
into  the  lung  of  the  living  patient  will  open 
an  enormous  field  of  usefulness  in  the  study 
of  cough,  the  expulsion  of  substances  from 
the  lung,  and  lung  drainage.  It  will  also  aid 
in  localizing  bronchial  strictures  in  the  same 
manner  as  in  the  esophagus.  Furthermore, 
it  will  be  of  the  greatest  aid  to  the  thoracic 
surgeon  by  mapping  out  the  abscess  cavity  in 
the  respective  lobe  of  the  lung. 


Fig.  14.  Case  v.  Lung  AnscEss.  Directly  After  Ix- 
jECTiox.  A.  Lung  abscess  mapped  out  with  bismuth 
subcarbonate  suspended  in  sweet  oil.  B.  Bismuth 
infiltrated  into  limti  structure. 

ished  until  July  19th,  when  it  had  practically 
disappeared  and  the  arthritic  symptoms  had 
greatly  improved. 

A  stereo-roentgenographic  re-examination 
on  July  26th  showed  gradual  disappearance 
of  the  bismuth  except  where  it  had  pene- 
trated the  lobular  structures. 

The  patient  is  still  under  observation. 

SUMMARY 

I.  Bismuth  mixtures  can  be  injected  into 
the  bronchi  and  lungs  of  a  living  patient 
without  danger. 


Fig.  15.  Case  v.  Lung  Abscess.  Three  Weeks  After 
IxjECTiox.  A.  Remains  of  cavitj'.  B.  Bismuth  infil- 
trated into  lung  structure.  C.  Dilated  right  bronchus. 


3.  A  definite  lung  abscess  cavity  is  seldom 
seen  bronchoscopically.  Pus  is  usually  seen 
coming  from  a  branch  bronchus,  although 
the  abscess  may  be  well  around  the  corner, 
and  not  in  that  portion  of  the  lung  from 
which  the  pus  is  oozing.  An  injection  of  bis- 
muth mixture  or  some  other  opaque  mixture 
will  "clear  up"  this  error. 

4.  Bismuth,  when  it  enters  the  abscess 
cavity,  is  recognized  by  its  metallic  luster, 
whereas  when  it  is  in  the  lobular  lung  struc- 
ture, it  is  discerned  as  a  dull  opaque  area. 
Pus  diffuses  and  soaks  the  lobular  structure 
in  a  manner  similar  to  bismuth :  this  often 
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makes  the  involved  area  appear  many  times 
larger  than  it  really  is. 

5.  The  bismuth  mixture  injected  in  these 
patients  was  8  c.c.  of  bismuth  subcarbonate 
in  pure  olive  oil  (1-2).  The  mixture  is 
rendered  sterile  by  boiling  before  injection. 

6.  The  injection  should  be  made  slowly 
and  not  with  a  "squirt,"  or  else  the  roent- 
genographic observations  may  be  spoiled  by 
bismuth  soaking  the  lung  structure  surround- 
ing the  diseased  area. 

7.  It  seems  from  these  preliminarv  studies 
that  cough  and  action  of  cilia  are  not  the 
only  means  of  expelling  secretions. 

8.  While  bismuth  mixtures  were  origin- 
ally injected  for  the  purpose  of  lung  mapping 
in  cases  of  lung  abscess  cavities,  they  seem 
to  have  been  of  therapeutic  benefit  to  the  five 
patients  upon  whom  they  were  tried.  So  far 
the  procedure  has  done  no  harm. 

9.  While  the  fluoroscopic  examination  is 
important,  stereo-roentgenographic  examina- 
tion is  the  best  means  of  localizing  the 
cavitations. 

10.  Experience  has  shown  that  the  roent- 
gen examination  should  be  made  almost  im- 
mediately after  the  removal  of  the  broncho- 
scope, otherwise  the  patient,  in  a  fit  of 
coughing,  will  remove  much  of  the  bismuth 
from  the  involved  lung. 

DISCUSSION 

Dr.  David  R.  Bowen.  In  the  slide  that  was 
shown  of  Dr.  Jackson's  case  the  remarkable 
thing  was  that  this  plate  was  made  on  the 
fluoroscope  with  double  screen.  We  hurried  the 
patient  to  the  stereoscope,  and  there  was  noth- 
ing there,  although  it  could  not  have  been  more 
than  fifteen  minutes. 

Dr.  W.  F.  Manges.  I  should  like  to  ask  Dr. 
Stewart  why  he  uses  so  much  bismuth,  why 
the  mixture  is  so  concentrated.  This  is  a  rather 
big  field  for  study,  and  I  wonder  if  it  would 
not  be  well  to  advise  a  bit  of  caution.  It  seems 
to  me  that  one  should  first  be  sure  that  he  has 
the  proper  facilities  for  taking  care  of  emer- 
gencies. Unless  one  has  the  association  of  a 
competent  bronchoscopist,  the  procedure  had 
better  not  be  started.  I  think  those  of  us  who 


are  in  laboratories  where  there  are  efficient 
bronchoscopists,  where  there  is  every  means 
for  taking  care  of  emergencies,  ought  to  do 
everything  we  can  to  continue  and  work  with 
Dr.  Stewart  alone  these  lines,  and  see  if  the 
end  results  are  going  to  be  right. 

It  seems  to  me  that  since  a  foreign  body  in 
the  lung  tissue  must  be  removed  sooner  or 
later,  for  eventually  the  foreign  body  in  the 
lung  is  apt  to  set  up  a  suppurating  process,  I 
do  not  see  why  bismuth  should  not  act  as  a 
foreign  body  in  the  lung  tissue  that  has  not 
been  previously  walled  off  by  fibrous  tissue — 
why  it  should  not  become  a  foreign  body  be- 
cause of  its  metallic  properties. 

Dr.  W.  C.  Hill.  I  should  like  to  ask  Dr. 
Stewart  whether,  in  any  of  these  cases  where 
the  bismuth  was  retained  a  month,  there  were 
any  symptoms  of  bismuth  poison,  not  nitrate 
poisoning,  but  bismuth  poisoning.  I  know  of 
two  deaths  from  bismuth  poisoning  and  I  saw 
another  case,  a  child,  who  was  closely  follow- 
ing the  course  of  the  others  when  I  saw  it,  and 
advised  evacuation  of  the  bismuth. 

Dr.  G.  E.  Pfahler.  I  would  like  U)  compli- 
ment Dr.  Stewart  on  his  brilliant  work,  as  well 
as  the  daring  which  led  him  to  undertake  it, 
but  I  would  like  to  ask  whether  there  is  any 
benefit  to  the  patient,  or  whether  the  benefits 
are  purely  diagnostic — whether  the  method  has 
a  therapeutic  value  to  the  patient  other  than 
simply  to  outline  the  abscess  cavity  for  the 
benefit  of  the  surgeon.  We  must,  after  all,  con- 
sider how  much  good  this  is  going  to  do  the 
patient. 

Dr.  p.  M.  Hickey.  I,  too,  would  like  to 
compliment  Dr.  Stewart  on  this  pioneer  work, 
and  would  like  to  take  up  the  cudgel  in  its  be- 
half. It  is  quite  possible  for  a  foreign  body  to 
remain  in  the  lung  without  setting  up  irrita- 
tion. I  have  two  plates  in  the  exhibit  room — 
one  a  child  who  had  a  peanut  in  the  lung  for 
five  weeks,  and  the  other  for  two  weeks.  When 
I  introduced  the  bronchoscope,  there  was  no 
appearance  of  secretion.  The  bronchus  was 
perfectly  clear. 

During  this  discussion,  I  have  been  thinking 
over  some  work  I  knew  about  some  years  ago, 
when  a  friend  of  mine  injected  the  trachea  and 
bronchi    daily   with    a    laryngeal    syringe    for 
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chronic  cough.  The  solution  he  used  was  ohve 
oil  and  guaiacol.  He  used  it  in  considerable 
quantities,  and  it  seemed  to  be  a  soothing 
application. 

If  the  bronchoscopy  is  done  by  a  competent 
man,  the  injection  of  a  small  amount  of  sterile 
solution  in  the  bronchus,  I  believe,  can  have  no 
deleterious  effects.  It  is  certainly  a  very  bril- 
liant thing  to  be  able  to  map  out  the  bronchi 
in  the  way  it  has  been  done.  It  would,  of 
course,  be  easier  to  collapse  the  lung  and  get 
rid  of  the  abscess  in  that  way,  but  this  new 
method  is  important  in  that  one  is  able  to 
demonstrate  in  these  cases  the  exact  extent  of 
the  pathology  present.  It  seems  to  me  that, 
from  a  theoretical  standpoint,  there  can  be  no 
danger  to  the  patient,  inasmuch  as  you  use  only 
a  local  anesthetic. 


Dr.  F.  F.  Borzell.  It  seems  to  me  that  there 
is  considerable  weight  to  Dr.  Manges'  state- 
ments. It  might  be  true  that  when  the  bismuth 
is  first  injected,  it  is  sterile ;  and  I  do  not  doubt 
that  many  of  our  foreign  bodies  which  are  in- 
haled are  sterile  at  the  time  of  inhalation ;  but 
with  the  bronchioles  being  constantly  sub- 
jected to  infection  from  without  no  foreign 
body  would  remain  in  the  bronchiole  for  any 
length  of  time  without  becoming  infected, 
resulting  in  the  varied  pathology  one  sees  with 
any  other  infected  foreign  body  in  the 
bronchial  system. 

Dr.  James  T.  Case.  Are  there  any  further 
discussions?  If  not,  I  should  like  to  speak  of 
'my  own  experience  in  this  matter.  I  have 
known  of  two  deaths  following  the  actual  in- 
spiration of  barium-mixed  food  into  the 
larynx,  in  one  case  the  mixture  being  only  bar- 
ium and  water.  This  was  a  case  of  carcinoma 
of  the  esophagus.  One  case  I  have  especially 
in  mind  was  one  in  which  Dr.  L.  L.  McArthur 
injected  a  bronchial  cyst  which  had  a  pharyn- 
geal opening.  In  the  injection,  a  fairly  large 
quantity  of  the  bismuth  mixture  was  used,  the 
injection  being  done  about  five  o'clock  in  the 
afternoon.  During  the  night,  the  patient  had  a 
sudden  fit  of  coughing.  The  next  morning,  she 
was  brought  to  the  A--ray  room  to  see  what  had 
happened.  The  entire  bronchial  tree  was  dis- 
tinctly filled  with  bismuth.  Following  this,  the 
patient  had  a  most  violent  case  of  multiple 


abscess  of  the  lung,  and  it  was  a  miracle  that 
she  lived  through  it ;  but  she  finally  made  a 
complete  recovery. 

Dr.  W.  H.  Stewart.  I  expected,  of  course, 
a  certain  amount  of  criticism,  and  am  very  glad 
to  have  had  the  discussion  entered  into  as  it 
was.  I  always  have  a  great  regard  for  the 
opinion  of  Dr.  Manges,  as  I  believe  he  is  one 
of  the  most  conservative  men  in  this  particular 
line,  and  I  have  to  voice  his  ideas,  that  it  must 
not  be  taken  up  promiscuously,  that  the  work 
must  be  done  by  an  expert  bronchoscopist,  but 
it  can  be  done  absolutely  without  danger.  It  is 
really  remarkable,  gentlemen,  that  every  one 
of  the  five  cases  reported  this  evening,  wrote 
Dr.  Lynali  and  asked  for  a  re-examination, 
because  they  had  received  so  much  benefit 
from  the  bismuth  injection.  There  is  no  ques- 
tion of  the  therapeutic  value  of  this  procedure 
to  the  patient.  In  one  case  the  amount  of  ex- 
pectoration was  reduced  from  500  c.c.  in 
twenty-four  hours  to  30  c.c.  in  twenty-four 
hours.  Whether  or  not  a  cure  will  be  eft'ected, 
we  are  unable  to  say  at  the  present  time,  nor 
are  we  able  to  say  whether  the  bismuth  which 
infiltrated  the  lung  structures  will  cause  any 
further  trouble.  It  has  not  up  to  the  present ; 
it  is  gradually  disappearing  and  does  not  seem 
to  act  as  a  foreign  body.  I  believe  it  will  gradu- 
ally disappear  without  any  inconvenience.  We 
have  observed  these  cases  for  only  six  months ; 
all  are  under  close  observation,  however,  and 
will  be  watched  carefully. 

In  regard  to  the  opaque  solution — Dr.  Lynah 
tried  thorium  and  other  mixtures  of  like  char- 
acter. He  found  that  bismuth  subcarbonate  and 
sweet-oil  was  the  one  non-irritating  mixtvire ; 
it  does  not  seem  to  trouble  the  patient  in  the 
least. 

Dr.  Hill  asked  regarding  bismuth  poisoning. 
I  can  emphatically  state  that  never,  in  any  way, 
has  there  been  any  evidence  whatsoever  of 
bismuth  poisoning.  As  stated  before,  the  pa- 
tients were  all  benefited  to  such  an  extent  that 
each  and  every  one  wrote  a  letter  asking  to 
come  back  to  the  Hospital  for  another 
injection. 

With  regard  to  the  benefit  to  the  patient,  as 
asked  by  Dr.  P fabler,  there  seemed  first  to  be 
the  diagnostic  element,  and  second,  the  thera- 
peutic effect,  Dr,  Lynah  questions  in  his  own 
mind  whether  the  benefit  is  due  to  the  bismuth 
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in  the  lung  or  whether  to  the  fact  that  the 
bronchoscopy  opened  up  the  bronchi  and  al- 
lowed a  free  drainage  of  the  lung.  At  the  pres- 
ent time  I  believe  both  elements  enter  into  it. 
Dr.  Borzell,  I  think  I  have  answered  in  re- 
gard to  the  retention. 

With  regard  to  Dr.  Case's  experience,  it  is 
impossible  for  me  to  say  why  this  case  should 


have  such  untoward  effects.  It  may  be  that  the 
injection  was  not  made  with  the  same  precau- 
tions which  Dr.  Lynah  uses  in  making  his  in- 
jections. 

I  am  very  sorry  that  Dr.  L}nah  is  not  here. 
He  is  a  brilliant  speaker,  and  would  be  better 
able  to  defend  his  position  than  I,  who  only 
take  up  the  ji'-ray  side  of  the  question. 


THE  BUCKY   DIAPHRAGM   PRINCIPLE   APPLIED   TO 
RADIOGRAPHY  OF  THE   SPINE' 

By  H.  E.  potter,  M.D. 


CHICAGO,  ILLIXOIS 


mcnt  of  time  in  grid  movement  has  pre- 
vented the  extremely  rapid  exposures  desired 
in  working  with  the  moving  viscera.  We 
mav  sav  that  since  Februarv  of  this  vear  all 


1\/f  Y  object  in  presenting  this  short  paper 
■^  -*■  on  radiography  of  the  spine  is  not  for 
the  sake  of  reviewing  the  well-known  path- 
ologic conditions  in  w^hich  .r-rays  have 
proven  of  diagnostic  value,  or  of  calling  at- 
tention to  their  differential  features,  but  to 
set  before  you  for  your  criticism  a  series  of 
technical  results  made  by  a  method  with 
which  you  are  familiar  in  theory  but  which, 
as  far  as  I  am  able  to  learn,  has  not  been  used 
in  a  practical  routine  manner  outside  of  our 
laboratory. 

Those  who  are  not  familiar  with  the  work 
wc  have  been  trying  to  do  in  adapting  the 
Bucky  diaphragm  principle  to  practical  ra- 
diography may  be  referred  to  the  article  pub- 
lished in  the  June  number  of  our  Jourxal. 
This  takes  up  the  construction  of  a  parallel 
grid  which  moves  between  patient  and  plate 
during  an  exposure  and  serves  to  absorb  a 
large  number  of  the  obnoxious  scattered 
rays,  while  its  simple  movement  serves  to 
neutralize  its  own  shadow.  Attention  was 
called  to  the  larger  number  of  scattered  rays 
present  in  penetrating  the  deeper  portions  of 
the  body,  such  as  the  abdominal  or  pelvic  re- 
gion. For  this  reason,  in  combination  with 
one  other,  we  have  chosen  to  exemplify  first 
the  results  obtainable  in  radiography  of  the 
spine.  The  other  reason  is  that  with  crude 
apparatus  of  our  own  construction  the  ele- 

*Read  at  the  Twenty-first  Annual  Meeting  of  The  American  Roentgen    Ray   Society,   Minneapolis,   Minn.,   Sept.    U-IT,    1920. 


Fig. 


I.  Fractured  Lamixa  of  First  Lumbar. 
PRESSiox  OF  Second. 


Com- 
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our  spine  cases  have  been  handled  by  this 
method,  and  in  the  last  months  all  of  the  kid- 
ney and  gall-bladder  cases. 

The  net  results  of  the  method  are  to  give 
us  plates  which  show  a  heightened  contrast 
between  bony  and  other  structures,  and  a 
greater  clearness  in  the  more  delicate  struc- 
tures of  the  spine  complex  in  as  large  a  sec- 
tion of  the  spine  as  is  desired.  It  necessarily 


plates.  We  believe  that  shortly  the  Bucky 
diaphragm  method  will  form  a  basis  for  ob- 
taining results  on  the  spine  which  are  en- 
tirely comparable  to  those  obtained  on  the 
extremities,  and  at  this  time  we  wish  to 
record  systematically  a  number  of  respects 
in  which  the  method  has  materially  helped 
us  in  our  diagnostic  efforts: 

I.  In  the  recognition  of  tuberculosis  and 


Fig.  2.  A  Few  Fractured  Spines  Showing  Large  Scope  of  Exploration  without  Sacrifice 

OF  Radiographic  Quality. 


follows  that  the  gross  lesions  can  be  studied 
more  comprehensively  and  the  minor  or  be- 
ginning lesions  brought  to  light  with  greater 
certainty.  In  the  latter  years  we  have  all  be- 
come used  to  seeing  the  most  critical  radio- 
graphs of  the  extremity  bones,  and  we  shall 
all  admit,  when  we  stop  to  think,  that  in 
the  most  important  spine  cases  the  diagno- 
sis is  often  made  possible  by  the  last  lo  or 
20  per  cent  in  the  technical  excellence  of  the 


metastatic  carcinoma.  Early  tuberculosis 
and  beginning  metastasis  are  deservedly  sub- 
jects which  give  the  roentgenologist  great 
concern  on  account  of  their  clinical  signifi- 
cance and  general  difficulty  of  recognition. 
The  large  comprehensive  plates  have  more 
than  once  yielded  unexpected  information  a 
few  inches  higher  or  lower  than  was  clini- 
cally suspected.  Slight  or  suspicious  changes 
in  any  anterior  portion  of  the  vertebral  body 
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have  been  followed  up  by  plates  projected 
oblicjuely  or  laterally  so  as  to  bring  the  sus- 
picious point  into  profile,  with  the  result  that 
the  suspicion  was  turned  into  a  diagnosis. 

2.  This  ability  to  obtain  critical  plates  in 
oblique  or  lateral  positions  has  many  times 
resulted  in  the  graphic  measurement  of 
slight  impactions  to  the  bodies  of  vertebrae 


brae.  Vertebrae  lying  above  the  diaphrag- 
matic line  have  a  peculiar  anatomic  relation- 
ship, in  that  on  either  side  the  air-filled  lungs 
easily  transmit  rays  which  flood  into  the 
central  plate  area  before  the  denser  spinal 
structures  have  been  fully  recorded.  It  was 
one  of  our  surprises  to  see  how  the  plates 
with    the    Bucky    apparatus    prevented    this 


A 


B 


C 


Fig.  3.  Deep  Osseous  Radiography  for  Disease. 
A.  Tuberculosis  with  Bony  Reaction.  B.  Typhoid  Spine,  after  eight  months.  C.  Metastatic  carcinoma  of 

prostatic  origin.  Hypertrophic  Arthritis. 


where  such  could  scarcely  be  known  to  exist 
by  any  simple  or  stereoscopic  series  made 
from  in  front.  The  general  value  of  lateral 
spines  has  been  brought  out  in  this  Society 
by  Hickey  and  others.  The  Bucky  dia- 
phragm method  offers  us  the  easiest  means 
of  obtaining  results  in  this  most  difficult 
technique. 

3.  This  filtering  method  makes  possible 
much  more  critical  study  of  antero-posterior 
plates  of  the  middle  and  lower  dorsal  verte- 


source  of  fog  and  gave  us  the  same  clean 
results  obtainable  elsewhere. 

4.  In  the  study  of  the  pelvic  structures 
the  method  has  been  gratifying  on  account 
of  our  ability  to  obtain  a  comprehensive 
plate  of  the  whole  pelvis  without  losing  the 
details  about  either  the  hip-joints  or  the 
sacro-iliac  region.  Fractures  of  one  portion 
of  the  pelvic  ring  are  so  often  associated 
with  a  second  fracture  elsewhere  in  the  pel- 
vis that  comprehensive  plates  should  be  re- 
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lied  upon  for  the  whole  of  the  truth,  particu- 
larly if  radiographic  detail  can  thus  be 
preserved. 

5.  In  cases  of  old  minor  injuries  to  the 
lumbar  spine,  associated  with  traumatic  or 
other  arthritis,  or  with  callus  formation. 
when  structures  of  the  pedicle  and  not  the 
bodies  have  been  fractured,  etc.,  nothing 
short  of  the  most  excellent  plates  by  this  or 
any  other  method  can  lead  one  to  a  justifi- 
able diagnosis,  fulh-  protected  and  set  aside 


a  large  focus  tube  is  used  the  hard  lines  lose 
somewhat  of  their  sharpness.  This  disad- 
vantage can  be  corrected  somewhat  by  the 
use  of  fine  focus  Coolidge  tubes,  increasing 
the  tube  distance  and  using  a  grid  of  greater 
fineness  and  less  depth. 

DISCUSSION 

Dr.  B.  C.  Darling.  The  opportunity  to 
make  the  large-sized  plate  seems  to  me  is  a 
distinct  advantage.  There  has  always  been  a 


A 


B 


C 


Fjg.  4.  A  Few  Lateral,  Semi-Lateral  or  Near-Lateral  Spines. 
A.  Lateral  from  Figure  3-A.  B.  Normal  lateral  for  scope.   C.   True   lateral   in   compression   fracture. 


from  the  anatomic  architectural  peculiarities 
common  in  the  lower  spine. 

These  in  brief  are  the  advantages  which 
we  believe  have  been  observable  in  our 
routine  work.  There  is  one  disadvantage 
which  can  be  seen  in  an  inspection  of  any 
series  of  our  plates.  The  osseous  structures 
are  slightly  enlarged  because  of  the  increased 
distance  between  patient  and  plate,  and  when 


limitation,  for  in  order  to  get  satisfactory 
plates,  we  had  to  use  a  small  cone.  By  this 
method,  we  will  be  able  to  use  more  11  x  14 
and  14  X  17  plates,  and  we  will  get  much  finer 
detail  by  this  method.  The  hardest  thing  to  get 
is  thus  made  easier,  and  in  this  way  our  diag- 
nostic ability  will  be  improved. 

I  had  the  pleasure  of  seeing  this  apparatus  in 
Dr.  Potter's  office  the  other  day,  and  he  cer- 
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tainly  has  something  worth  while.  He  has 
something  that,  if  mechanically  perfected,  will 
be  of  great  value. 

Dr.  p.  M.  Hickey.  Last  summer  I  had  the 
pleasure  of  visiting  Dr.  Potter's  office,  and 
seeing  a  demonstration  of  how  this  diaphragm 
works,  and  the  plates  which  he  has  I  have 
never  seen  equaled,  either  in  number  or  quality. 
It  is  a  wonderful  thing  that  roentgenography 
of  these  parts  of  the  body,  which  heretofore 
has  been  so  difficult,  can  be  brought  out  with 
such  a  wealth  of  detail. 

Dr.   Isaac  Gerber.    I  would  like  to  know 


whether  Dr.  Potter  has  found  that  the  use  of 
this  diaphragm  was  interfered  with  at  all  in 
double  screen  and  film  work,  or  whether  all 
of  his  exposures  are  made  on  straight  plates 
or  films. 


Dr.  H.  E.  Potter  (Closing).  The  first  expo- 
sures were  made  with  plates  entirely,  and  this 
seemed  pretty  hard  on  the  thirty  milliampere 
Coolidge  tubes,  so  all  the  rest  of  the  exposures 
have  been  made  with  double  screen  film,  which 
is  very  much  easier  on  the  tube  and  simpler  in 
technique.  The  double  screen  greatly  aids 
instead  of  interferes  with  the  method. 


PNEUMOPERITONEUM  AS  AN  AID  IN  THE   DIFFERENTIAL 

DIAGNOSIS  OF  DISEASES  OF  THE  LEFT  HALF 

OF   THE   ABDOMEN  ^= 

By  a.  F.  TYLER,  B.  Sc,  M.D.,  F.  A.  C.  P. 

OMAHA,     NEBRASKA 


O  INCE  this  paper  is  part  of  a  symposium 
^  on  the  use  of  gas  in  the  peritoneal  cav- 
ity for  diagnostic  purposes,  I  am  definitely 
limited  in  my  discussion  to  the  use  of  this 
method  as  an  aid  in  the  diagnosis  of  diseases 
of  the  left  half  of  the  abdomen. 

Because  of  the  fact  that  many  cases  com- 
plaining of  vague  symptoms  on  the  left  half 
of  the  abdomen  present  themselves  for  ex- 
amination, it  occurred  to  me  when  I  began 
using  this  method  of  diagnosis  that  such 
aid  might  be  of  considerable  use  in  clearing 
up  this  type  of  obscure  cases,  so  that  it  has 
been  my  custom  when  I  am  unable  definitely 
to  locate  pathology  in  the  left  half  of  the 
abdomen  by  the  usual  physical  examination 
and  the  opaque  meal  examination  of  the 
gastro-intestinal  tract,  to  employ  pneumo- 
peritoneum as  a  further  method  of  investi- 
gation. We  have  been  happily  rewarded  in 
many  of  these  obscure  cases,  a  few  of  wdiich 
will  be  mentioned  in  the  body  of  the  present 
paper. 

*Read  at  the  Twenty-first  Annual  Meeting  of  The  American  Roentgen    Ray   Society,   Minneapolis,    Minn.,   Sept.    14-17,    1920. 


In  reviewing  my  experience  with  pneumo- 
peritoneum it  has  occurred  to  me  that  the 
greatest  percentage  of  cases  in  which  it  has 
been  definitely  helpful  have  been  those  with 
some  form  of  left-sided  patholog}^  In  order 
that  we  may  lay  proper  foundation  for  path- 
ological discussion,  let  us  review  for  a  mo- 
ment the  anatomy  of  the  left  half  of  the  ab- 
domen in  relationship  to  findings  demon- 
strable by  penumoperitoneum.  When  the  ab- 
domen is  filled  with  gas,  it  is  possible  to  see 
clearly  the  outline  of  the  diaphragm 
stretched  across  from  the  center  to  the  left 
ribs  and  above  this,  of  course,  the  lung  in 
the  chest  cavity.  Below  it  can  easily  be  dem- 
onstrated that  the  spleen,  and  in  many  cases 
even  the  pedicle  of  the  spleen,  can  be  readily 
seen.  Near  the  central  portion  of  the  left 
half  of  the  abdomen  can  be  seen  the  left  kid- 
ney in  toto.  In  some  cases  the  left  lobe  of  the 
liver  can  be  visualized  together  with  the  tail 
of  the  pancreas.  In  other  cases  one  will  see  a 
band  extending  across  from  the  left  parietal 
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wall  of  the  abdomen  over  toward  the  center, 
which  is  only  the  mesenteric  attachment  of 
the  splenic  flexure  of  the  colon.  One  must  be 
careful  that  this  is  not  interpreted  as  patho- 
logical. Having  these  essential  anatomical 
points  in  mind,  it  is  then  not  difficult  to  de- 
termine what  is  pathological. 

Patients  frequently  present  themselves  for 
examination  complaining  chiefly  of  colic  in 
the   left   side    which   on   investigation   may 


nephrosis,  new  growth,  supernumerary  kid- 
ney, ureteral  plug  or  kink.  In  the  spleen,  we 
must  differentiate  between  the  different  leu- 
kemias,  enlargement  from  malaria,  syphilis, 
hemolytic  icterus  or  Banti's  disease  and  peri- 
splenic adhesions.  In  the  pancreas  we  must 
differentiate  between  cyst  and  pancreatitis. 
The  left  lobe  of  the  liver  must  be  differen- 
tiated from  the  pancreas,  the  spleen  and  the 
kidnev.  We  mav  further  find  adhesions  of 


Fig.  I.  Case  No.  13965. — L.\rge  Retroperitoneal 
Tumor  with  Kidney  Showing  Above  and  Dis- 
tinct FROM  THE  Mass.  Proven  at  operation  to  be 
sarcoma. 

prove  to  be  renal  or  ureteral  in  type  or  per- 
haps colonic  in  origin.  They  will  complain  of 
an  indefinite  dragging  or  pulling  sensation 
which  is  worse  in  the  erect  position  and  is 
relieved  by  lying  on  the  back  or  on  the  left 
side.  We  are  compelled  in  these  cases  then,  to 
differentiate  between  diseases  of  the  kidney, 
of  the  left  colon,  of  the  spleen,  of  the  pan- 
creas, of  the  left  lobe  of  the  liver  and  retro- 
peritoneal new  growth.  In  the  colon  we  must 
differentiate  between  spastic  or  ulcerative 
colitis,  adhesions,  diverticula  and  new 
growths.  In  the  kidney,  we  must  differentiate 
between  stone,  pyelitis,  tuberculosis,  hydro- 


FiG.  2.  Case  No.  13965. — An  Oblique  View  of  the 
Same  Patient  as  Shown  in  Figure  i,  Showing 
THE  Kidney  Separate  from  the  Mass. 


the  various  organs  one  to  the  other  or  to  the 
parietal  peritoneum.  We  may,  in  some  cases, 
find  a  retroperitoneal  new  growth,  such  as  a 
large  retroperitoneal  sarcoma  recently  dem- 
onstrated. 

In  speaking  of  the  differential  diagnosis 
in  these  various  conditions,  it  is  my  thought 
that  this  differential  diagnosis  cannot  be 
complete  in  any  case  without  thorough  phy- 
sical examination,  including  the  x-ray  exam- 
ination and  the  different  laboratory  tests,  to- 
gether with  catheterization  of  the  ureter  and 
other  methods  usually  employed  for  elimin- 
ating or  confirming  diagnosis;  so  that  in  my 
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presentation  of  this  subject,  I  take  it  for 
granted  that  all  of  these  different  methods 
are  being  employed  along  with  pneumoperi- 
toneum, as  Case  and  others  have  shown  that 
diverticula  of  the  left  half  of  the  colon  are 
not  infrequent  and  when  carefully  searched 
for  are  c[uite  readily  demonstrated  by  the 
usual  opac[ue  meal  and  similar  methods  of 
examining  the  gastro-intestinal  tract.  As  a 
rule  the  spastic  or  ulcerative  colon  can  be 


into  the  peritoneal  cavity,  as  well  as  new 
growths  involving  the  kidney,  or  retroperi- 
toneal space.  Different  types  of  enlarged 
spleen  can  be  demonstrated  by  pneumoperi- 
toneum, but  must  be  differentiated  by  the 
complete  blood  count  and  different  labora- 
tory methods.  Cysts  of  the  pancreas  can  be 
positively  proved  by  pneumoperitoneum  bet- 
ter than  by  any  other  method.  Adhesions  to 
the  various  organs  can  be  actually  visualized 


Fig.  3.  Case  No.  13285. — A  Dense  Band  of  Adhe- 
sions Stretched  across  from  the  Colon  to  the 
Left  Side  of  the  Parietal  Peritoneum.  On  inspi- 
ration, the  spleen  presses  down  against  the  hand,  as 
shown  in  the  cut.  On  expiration  the  spleen  moves 
away  from  it. 

demonstrated  roentgenologically  in  the  same 
manner.  New  growths  in  the  left  half  of  the 
colon  are  readily  demonstrated  by  the  opac{ue 
method.  Stone  in  the  left  kidney  is  demon- 
strated without  the  use  of  pneumoperito- 
neum ;  but  in  some  cases  there  is  a  Cjuestion 
as  to  whether  the  shadow  is  really  a  kidney 
stone  or  a  calcareous  mesenteric  gland,  and 
pneumoperitoneum  will  help  us  to  dift'eren- 
tiate,  especially  when  catheterization  of  the 
ureter  is  impossible.  Hydronephrosis  can 
readily  be  demonstrated  by  injection  of  gas 


Fig.  4.  Case  No.  12880. — Large  Cystic  Ovary, 
Accompanied  by  Multiple  Fibroid  Tumors  of  the 
L^terus.  Proven  ,\t  Operation. 

by  the  injection  of  gas  into  the  peritoneal 
cavity,  clearing  up  many  obscure  cases. 

CASES 

Case  13844-.  INIrs  J.  M.  B.,  age  thirty- 
three  years. 

History. — When  the  patient  was  twelve 
years  old  she  had  an  attack  of  bilious  fever 
with  jaundice.  For  seven  years  she  has  had 
pain  in  the  left  upper  quadrant  of  the  abdo- 
men, which  radiates  to  the  back  and  varies  in 
intensity.  She  has  abdominal  distension  with 
gaseous  eructations,  nausea,  but  no  vomiting 
and  no  jaundice. 
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Physical  Exaiiiinafion. — There  was  a  pal- 
pable tender  mass  in  the  left  upper  quadrant 
of  the  abdomen  and  slight  tenderness  in  the 
right  upper  quadrant. 

Roentgen  Examination. — This  revealed  a 
large  soft  tissue  shadow  in  the  left  upper 
quadrant  which  has  the  contour  of  a  kidney. 
Pneumoperitoneum  proves  that  the  shadow 
is  the  left  kidney,  the  spleen  being  normal  in 
size.  There  are  perisplenic  adhesions  from 
the  spleen  to  the  diaphragm.  The  stomach  is 
normal  in  shape,  size  and  position,  empty 
in  six  hours.  The  duodenum  is  normal.  The 
appendix  has  been  previously  removed.  The 
cecum  and  colon  are  normal  in  contour,  low, 
but  freely  movable. 

Diagnosis. — Enlarged  left  kidney;  peri- 
splenic adhesions. 

Case  13440:  J\Iiss  A.  D.,  age  thirty-four 
years. 

History. — For  five  years  patient  has  been 
having  attacks  of  abdominal  distress,  which 
usually  last  several  weeks,  characterized  by 
a  feeling  of  fullness  or  pressure  in  the  epi- 
gastrium and  in  the  left  side  of  the  abdomen, 
extending  into  the  back. 

Physical  Examination  revealed  a  definite 
tenderness  in  the  lower  right  quadrant  of  the 
abdomen.  Examination  otherwise  negative. 

Roentgen  Examination. — The  stomach  is 
normal  in  shape,  size  and  position ;  empty  in 
six  hours.  The  duodenum  shows  spasm.  The 
appendix  has  been  previously  removed.  The 
cecum  and  colon  are  normal  in  contour  and 
freely  movable. 

Pneumoperitoneum  shows  adhesions  ex- 
tending from  the  left  parietal  peritoneum 
across  to  the  greater  curv-ature  of  the  stom- 
ach. 

Diagnosis. — Perigastric  adhesions  involv- 
ing the  greater  curvature. 

Case  12846:  Miss  J.  G.,  age  twenty-four 
years. 

History. — Patient  complains  of  splashing 
in  the  stomach  accompanied  by  pain  and 
vomiting.  She  was  examined  by  me  in 
March,  1918,  at  which  time  a  diagnosis  of 
chronic  appendicitis  was  made.  This  was  fol- 


lowed immediately  by  an  appendectomy.  In 
July,  1 91 8,  a  gastro-enterostomy  was  done. 
She  has  not  been  well  since. 

Physical  Examination. — Patient  was  of 
the  enteroptotic  type.  There  was  dullness  in 
both  apices  of  the  lungs  with  rales  in  the  left 
apex  and  left  axilla. 

Roentgen  Examination  shows  the  opaque 
meal  passing  through  the  gastro-enterostomy 
opening.  The  chest  shows  increase  in  both 
hila.  Peri-bronchial  infiltration  well  up  in 
both  apices.  JMultiple  areas  of  consolidation 
in  the  left  upper  lobe. 

Pneumoperitoneum  shows  a  few  adhe- 
sions to  the  abdominal  wall  at  the  scar.  The 
shadows  of  both  kidneys  are  visible.  Folds  of 
soft  spleen,  the  uterus,  tubes  and  ovaries  are 
demonstrated. 

Diagnosis. — Pulmonary  tuberculosis.  Ab- 
dominal adhesions. 

Case  12355:  j\Irs.  G.  H.,  age  forty-five 
years. 

History. — Patient  has  been  constipated 
for  many  years.  For  the  past  ten  years  she 
has  had  a  tender  point  a  little  to  the  right 
and  below  the  umbilicus.  She  now  has  con- 
stant pain  which  radiates  to  the  right  thigh 
and  to  the  back,  but  it  is  never  very  severe. 

Physical  Examination. — Negative  except 
for  general  abdominal  tenderness  with  the 
maximum  point  one  inch  to  the  right  of  the 
umbilicus. 

Roentgen  E.vamination.' — The  stomach  is 
normal  in  shape,  size  and  position ;  eight 
ounce  residue  at  five  hours.  The  duodenum  is 
normal.  The  cecum  is  not  freely  movable. 
The  colon  is  normal  and  freely  movable.  The 
appendix  is  not  visualized. 

Pneumoperitoneum  shows  adhesions  ex- 
tending from  the  left  side  of  the  colon  near 
the  splenic  flexure  over  to  the  parietal  peri- 
toneum near  the  costal  arch. 

Case  13346'.  Mrs.  F.  H.,  age  twenty-nine 
years. 

History. — One  year  ago  the  patient  had 
her  appendix  removed.  Two  years  prior  to 
her  operation  she  had  indigestion  and  pain 


Left  Half  of  Abdomen  Diagnosed  by  Pneumoperitoneum 


69 


in  the  epigastrium  with  occasional  vomiting. 
Since  the  operation,  she  has  had  a  dull  gnaw- 
ing pain  in  the  right  upper  quadrant.  This 
pain  is  relieved  by  lying  down.  There  is  a 
feeling  of  fullness  after  meals. 

Physical  Examinaiion  shows  marked  ten- 
derness in  the  right  u|)per  quadrant  of  the 
abdomen. 

Roentgen    Examination. — Filling    defect 


creased  until  the  time  of  the  examination.  At 
the  time  of  the  examination  the  enlargement 
extended  up  under  the  right  ribs. 

Physical  Findings  revealed  a  large  uterus 
which  nearly  filled  the  entire  abdomen.  The 
mass  was  smooth  except  for  several  nodules 
on  the  upper  anterior  aspect. 

Pneinnoperitoneuin  shows  a  fibroid  tumor 
of  the  uterus  plus  pregnancy.   One  month 


Fig.  5.  Case  No.  12846. — Spleen  Showing  Typical 
Folds  Frequently  Noticed  at  Postmortem  Ex- 
amination IN  A  Soft  Flabby  Spleen. 


on  the  lesser  curve  near  the  pylorus,  prob- 
ably spasm,  no  tender  point ;  empty  in  five 
hours.  The  duodenum  is  normal. 

Pneumoperitoneum  shows  a  band  of  ad- 
hesions to  the  colon  near  the  splenic  flexure, 
against  which  the  spleen  is  pressed  on  deep 
inspiration.  A  band  of  adhesions  from  the 
scar  in  the  right  iliac  fossa  to  the  head  of  the 
cecum  is  also  demonstrated. 

Case  12973:  Mrs.  T.  E.  A.,  age  forty-one 
years. 

History. — Three  months  previous  to  ex- 
amination the  patient  noticed  that  the  abdo- 
men was  growing  larger.  This  gradually  in- 


FiG.  6.  Case  No.  133440. — Arrows  Point  to  Bands 
OF  Adhesions  Extending  across  from  the  Greater 
Curvature  of  the  Stomach  to  the  Left  Parietal 
Peritoneum. 

later:  Fetus  is  not  visualized,  but  fluid  in  the 
uterus  is  demonstrated. 

Case:  Miss  M.  E.  Age  nineteen  years. 

History. — About  two  years  ago  patient 
began  to  have  pain  and  swelling  in  feet  and 
arms  which  was  worse  at  night.  She  had  a 
cough  and  pain  in  the  chest,  and  night  sweats 
once  in  a  while.  She  was  so  weak  at  times 
that  she  could  not  walk  upstairs. 

Roentgen  Examination. — Peribronchial 
infiltration  well  out  in  both  lungs.  Both  sides 
of  the  diaphragm  move  freely. 

Pneumoperitoneum  shows  the  liver,  both 
kidneys,  tubes,  uterus  and  left  ovary  normal 
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in  size  and  position.   No  abdominal  adhe- 
sions. Cyst  of  the  right  ovary. 
Diagnosis. — Cystic  right  ovary. 

Case:  Mr.  J.  C,  age  forty-nine  years. 

History. — About  one  year  ago  patient  felt 
pain  in  left  side  and  afterwards,  due  to  curi- 
osity, v^ould  feel  his  side  and  had  pain  on 
pressure.  Later  he  felt  a  mass  in  the  left  side, 
which  has  continued  to  enlarge  until  its  con- 
tour can  be  seen  on  inspection. 

Physical  Examination. — A  large  mass  in 
the  left  upper  quadrant  of  the  abdomen 
which  is  painful  to  pressure  and  movable. 
Large  tumor  in  the  left  side  of  the  abdomen, 
clinically  hydronephrosis.  Large  smooth 
mass  extending  beyond  the  median  line  to  the 
right  and  continuous  with  the  kidney 
shadow. 

Pneumoperitoneum. — Movement  of  fluid 
in  the  sac  visualized.  Stone  in  left  ureter  just 
back  of  the  l)ladder.  Probably  hydro- 
nephrosis. 

Diagnosis. — Ureteral  calculus. 

Operati-c'e  Findings. — Large  retroperi- 
toneal sac  containing  urine,  attached  to  the 
lower  pole  of  the  left  kidney  which  lay  to 
the  right  of  the  median  line.  L^reter  not  con- 
nected to  sac. 

Case:  Mr.  J.  H.,  age  twenty- four  years. 

History. — Patient  first  noticed  swelling  of 
the  abdomen  accompanied  by  pain  in  the 
small  of  the  back  and  around  the  umbilicus, 
especially  at  night  when  lying  on  his  side. 
During  the  past  week  he  has  had  a  slight 
cough  and  two  profuse  night  sweats. 

Physical  Examination. — Dullness  of  both 
apices  posteriorly  from  the  scapula  down. 
Abdominal  distention  and  umbilical  hernia 
present. 

Roentgen  Examination. — A  small  amount 
of  fluid  in  the  left  pleural  cavity  posteriorly. 

Pneumoperitoneum  showed  adhesive  peri- 
tonitis with  ascites,  probably  tuberculous. 
Only  a  small  amount  of  gas  could  be  injected 
as  the  needle  entered  a  pocket.  The  patient 
complained  of  pain  when  very  little  gas  had 
been  injected. 

Diagnosis. — Tubercular  peritonitis. 


Case:  Mr.  P.  S.,  age  sixty-eight  years. 

History. — The  patient  had  the  prostate 
gland  removed  in  191 8  and  says  stones  were 
imbedded  in  it.  He  recovered  from  this  op- 
eration and  was  in  good  condition  for  some 
time.  Six  months  later  he  began  having  pain- 
ful urination  and  passed  large  amounts  of 
gravel  and  had  colic  pains  in  the  urethra.  He 
passed  nearly  one  hundred  stones  through 
the  urethra  and  had  some  removed  from  a 
pocket  in  the  urethra  apparently  from  a 
dilatation  behind  a  stricture.  He  has  lately 
noticed  severe  pain  from  a  few  minutes  to  a 
half  hour  after  urination. 

Pneiimoperitoneiini. — Patient  could  not 
pass  catheter  because  of  swollen  urethra. 
One  large  bladder  stone  visualized  and  sev- 
eral smaller  ones. 

Diagnosis. — Recurrent  stones  in  the  blad- 
der. Proved  at  operation. 

Case:  Mrs.  C.  E.  R.,  age  thirty-seven 
years. 

History. — Three  years  previous  the  pa- 
tient had  a  lump  removed  from  the  right 
breast  and  one  year  later  a  second  operation 
was  performed.  She  has  been  having  attacks 
of  pain  in  the  right  side  for  several  years 
which  she  thought  were  pleurisy.  The  past 
two  weeks  she  has  been  getting  short  of 
breath  but  has  very  little  pain. 

Physical  Examination. — Left  pleura 
markedly  thickened.  Friction  rub  on  the 
right  side  at  the  junction  of  the  sternum. 
Breath  sounds  diminished  over  the  entire 
left  chest. 

Roentgen  Examination. — Fibrosis  with 
calcified  glands  extending  well  out  in  the 
right  lung.  Free  excursion  of  the  diaphragm, 
on  the  right  side.  The  left  lung  is  radiopaque 
below  the  level  of  the  third  rib  anteriorly. 
Several  round  shadows  one  half  inch  in 
diameter  are  seen  in  both  upper  lobes. 

Pneumoperitoneum. — Effusion  of  the  left 
chest.  Fluid  in  the  peritoneal  cavity  which  is 
easily  demonstrated.  No  adhesions,  no  car- 
cinoma masses  demonstrable. 

Diagnosis. — Peritoneal  tuberculosis. 


THE  USE  OF  CO,   IN  PNEUMOPERITONEUM* 


By  WALTER  C.  ALVAREZ,  M.D. 

From  the  George  Williams  Hooper  Foundation  for  Medical  Research,  University  of  California 

Medical  School 

SAN   FRANCISCO,   CALIFORNIA 


A  YEAR  ago,  when  I  began  experimenting 
■*•  *-  with  pneumoperitoneum,  it  seemed  to 
me  that  it  would  never  come  into  general  use 
unless  some  way  were  found  of  relieving  the 
patient's  discomfort  immediately  after  the 
exposures  were  made.  I  felt  that  the  tech- 
nique would  have  to  be  modified  in  some 
way  so  that  we  could  do  the  work  in  the 
office  and  not  in  the  hospital.  Some  studies 
on  the  absorption  of  gas  from  the  intestinal 
cavity  had  made  me  acquainted  with  the  fact 
that  CO2  is  absorbed  much  more  rapidly  than 
oxygen.  In  July,  191 9,  Dr.  Taylor  and  I  in- 
jected the  preitoneal  cavities  of  a  number  of 
rabbits  with  COo  and  found  that  it  was  ab- 
sorbed in  a  few  minutes.  After  convincing 
ourselves  that  this  gas  was  as  harmless  as 
oxygen  we  started  using  it  on  patients  in  the 
office.  We  found  that  whereas  oxygen  often 
remains  in  the  abdomen  in  sufficient  amounts 
to  cause  distress  for  four  days  after  injec- 
tion, the  CO2  in  no  instance  remained  over 
half  an  hour.  Ordinarily  the  patient  was  re- 
lieved of  tension  in  twenty-five  minutes. 

Dr.  Stewart  has  stated  in  a  recent  article 
that  he  has  tried  to  make  the  procedure  suit- 
able for  office  practice  by  withdrawing  the 
gas  through  a  trocar  after  the  plates  are 
taken.  My  experience  with  these  patients 
makes  me  very  doubtful  whether  manv  of 
them  would  be  willing  to  submit  to  a  second 
puncture  while  they  are  in  pain.  Moreover, 
I  would  rather  not  make  another  wound,  al- 
though my  experience  with  patients  who 
have  been  operated  upon  after  inflation  is  in 
accordance  with  that  of  others  who  have 
found  no  sign  of  damage.  In  only  one  case 
did  I  see  a  light  strand  of  omentum  adhering 
to  the  scar.  Another  objection  to  deflation  is 
that  it  is  hard  to  get  all  the  gas  out,  and  un- 

*Read  at  the  Twenty-first  Annual  Meeting  of  The  American  Roentgen    Ray   Society,   Minneapolis,   Minn.,    Sept.    14-17,    1920. 
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less  this  is  done  completely  the  patient  is 
going  to  remain  uneasy. 

TECHNIQUE 

The  introduction  of  the  gas  is  simplicity 
itself.  I  use  as  a  measuring  bag  the  rubber 
cuff  that  comes  with  a  sphygmomanometer. 
This  holds  about  a  liter.  It  is  connected  with 
the  CO2  tank  and  with  the  needle.  The  air  in 
the  tubing  should  be  washed  out  with  CO2 
because  the  nitrogen  in  it  will  remain  in  the 
abdomen  for  10  days  or  more.  No  attempt 
need  be  made  to  sterilize  the  gas.  The  needle 
is  sterilized  and  then  thrust  through  a  small 
spot  which  has  been  painted  with  iodine.  I 
think  there  is  no  need  for  using  novocain  un- 
less a  very  large  trocar  is  employed.  I  use  a 
needle  with  a  caliber  slightly  larger  than  that 
of  a  lumbar  puncture  needle.  I  always  clear 
it  first  by  injecting  a  few  drops  of  sterile  salt 
solution.  The  injection  is  made  generally  at 
a  point  in  the  middle  of  the  left  rectus  near 
the  navel.  I  find  it  hard  to  get  the  patients  to 
take  enough  of  the  gas.  It  is  easy  with  old 
women  who  have  lost  weight  and  who  have 
flaccid  abdominal  walls,  but  it  is  very  hard 
with  muscular  men.  I  make  it  a  routine  to 
give  a  quarter  of  a  grain  of  morphin  a  half 
hour  before  the  injection.  This  unfortu- 
nately often  produces  nausea  and  vomiting 
later,  but  it  seems  the  lesser  of  two  evils 
because  one  never  can  tell  which  patients  are 
going  to  complain  bitterly.  Even  with  the 
morphin,  some  do  complain  of  pain,  particu- 
larly in  the  right  shoulder.  Others  do  not 
complain  of  much  pain  but  break  out  into  a 
cold  sweat  and  seem  to  be  greatly  distressed 
mentally.  Others  again  have  paid  very  little 
attention  to  the  procedure,  and  one  man  got 
off  the  table  and  went  out  to  lunch  with  me. 
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I  think  the  best  evidence  that  the  operation 
is  not  a  terrible  one  is  the  fact  that  two  of 
my  patients,  who  did  not  take  quite  enough 
gas  the  first  time,  A'okmteered  to  have  the 
work  repeated. 

The  only  disadvantage  that  I  can  see  to 
the  CO2  technique  is  that  one  must  work  rap- 
idly if  a  number  of  plates  are  to  be  secured. 
We  almost  always  take  first  a  14  x  17  plate 
with  the  patient  lying  prone.  This  is  devel- 
oped immediately  so  that  any  special  points 
of  interest  can  be  focused  on  in  other  plates. 
It  is  very  helpful  when  the  patient  has  not 
much  gas  in  his  abdomen  to  rotate  him 
slightly  so  that  the  right  side  is  a  little  higher 
for  the  gall-bladder  plates  and  the  left  side 
a  little  higher  for  the  spleen  plates.  In  this 
way  one  makes  the  most  of  the  gas  that  is 
there. 

I  made  a  few  attempts  to  use  mixtures  of 
oxygen  and  CO2,  hoping  that  I  might  slow 
down  the  deflation  somewhat,  but  I  promptly 
gave  this  up  because  all  the  disadvantages  of 
oxygen  were  retained  without  sufficient  com- 
pensatory advantages  from  the  COo. 

Just  a  word  as  to  the  usefulness  of  the 
method.  If  it  were  not  for  the  distress  to 
the  patient  one  would  like  to  have  a  set  of 
these  beautiful  and  instructive  plates  on 
every  individual  who  comes  with  intra-ab- 
dominal troubles.  Unfortunately,  however, 
the  procedure  is  so  alarming  and  distressing 
to  many  patients  that  I  do  not  believe  it  can 
ever  be  used  as  a  routine.  I  have  found  it  of 
most  help  in  the  diagnosis  of  gall-bladder 
disease,  especially  in  the  early  stages.  I  be- 
lieve that  daily  we  are  slipping  up  on  the 
diagnosis  of  early  cholecystitis.  We  should 
be  helping  these  people  before  they  develop 
more  definite  symptoms,  before  they  get 
stones  and  before  they  suffer  irreparable 
damage. to  the  liver  and  pancreas.  One  of  the 
remarkable  things  about  this  technique  is 
that  it  opens  up  a  clear  space  between  the 
liver  and  the  kidney.  Normally,  the  bowel 
should  drop  down  out  of  this  space;  and  in 
a  number  of  cases  in  which  it  did  not  do 
that,  operation  showed  the  expected  adhe- 
sions and  the  expected  gall-bladder  disease. 


In  this  way  I  have  been  able  to  help  a 
number  of  women  who  otherwise  would 
have  gone  on  suffering,  because  I  would  not 
have  had  the  courage  to  advise  operation  in 
the  absence  of  most  of  the  classical  signs  of 
cholecystitis.  Although  some  of  the  thick- 
ened gall-bladders  without  stones  show  up 
very  clearly  on  these  plates,  it  is  most  dis- 
appointing that  others  do  not.  I  have  here 
to-day  a  plate  which  fails  to  show  any  gall- 
bladder shadow  although  it  does  show  a 
stone  which  gave  symptoms  for  twenty-five 
years.  To  be  sure,  operation  showed  that  the 
wall  of  the  gall-bladder  in  this  case  was  still 
thin.  Moreover,  in  spite  of  repeated  attacks 
of  inflammation  there  were  no  adhesions  to 
the  colon.  In  other  cases  it  was  hard  to  be 
sure  of  the  disease  in  the  gall-bladder,  even 
at  operation.  The  wall  was  not  definitely 
thickened,  the  bile  was  sterile,  there  were 
only  a  few  adhesions  to  the  duodenum  and  a 
large  gland  on  the  cystic  duct.  Nevertheless 
the  pathologist  reported  small  abscesses,  full 
of  bacteria,  and  the  patient  got  well  after 
the  cholecystectomy.  I  think  these  observa- 
tions must  keep  us  humble,  and  must  make 
us  admit  that  the  roentgen  ray  diagnosis  of 
early  cholecystitis  will  often  be  impossible 
and  always  difficult  and  uncertain. 

In  spite  of  these  disappointments  I  still 
feel  that  the  gas  technicjue  is  going  to  be 
very  useful.  When  the  history  and  other 
findings  point  strongly  to  .cholecystitis,  and 
when  a  series  of  plates,  taken  in  the  usual 
way,  leave  the  question  undecided,  I  practi- 
cally always  resort  now  to  this  technique  and 
often  get  a  definite  answer.  For  a  while, 
after  discovering  the  value  of  CO2,  I  kept 
using  O2  for  special  cases ;  but  the  differences 
in  the  distress  of  the  two  groups  of  patients 
was  so  pronounced  that  I  finally  gave  up  the 
use  of  oxygen  entirely.  I  think  that  others 
who  compare  the  after  effects  of  the  two 
gases  will  come  to  the  same  conclusion,  and 
that  the  use  of  CO2  will  win  out,  unless  some 
one  can  find  another  gas  which  is  absorbed  in 
perhaps  forty  minutes.  Even  then,  CO2 
might  remain  the  gas  of  choice  because  it  is 
cheap  and  a  common  article  of  commerce. 


TRAUMATIC   PNEUMOCRANIUM 

By  ALFRED  S.  DOYLE,  ^LD. 

Assistant  Roentgenologist,  Universit}-  Hospital.  Roentgenologist  to  St.  Agnes  Hospital  and 
St.  Edmond's  Home  for  Crippled  Children 

PHILADELPHIA,    PENNSYLVANIA 


^  I  ''HE  subject  of  traumatic  pneumo- 
-■■  cranium  is  interesting  inasmuch  as 
only  a  few  cases  of  this  condition  appear  to 
have  found  their  way  into  medical  literature 
within  the  past  decade.  In  The  American 
Journal  of  Roentgenology  of  December, 
1913,  Dr.  W.  H.  Stewart  of  New  York 
published  what  appears  to  be  the  first  rec- 


cases  reported  by  Dr.  E.  H.  Skinner.  Dr. 
W.  H.  Luckett,  and  one,  not  reported,  by 
\\'alter  Dodd. 

In  January,  1919,  Dr.  Hollis  E.  Potter  of 
Chicago  published  a  case  in  The  American 
Journal  of  Roentgenology  and  up  to  the 
present  time  that  seems  to  be  the  only  one 
on  record  in  which  the  patient  appears  to 


Fig.  I.  Lateral  View  of  the  Left  Side  of  Head, 
showing  air  in  cranial  cavity  displacing  anterior 
portion  of  left  hemisphere.  The  lines  of  the  de- 
pressed fracture  in  the  left  frontal  and  temporal 
region  are  also  shown  extending  down  to  the  base. 
Note  that  the  fracture  does  not  show  well  through 
the  air  cavity,  because  of  the  over  exposure  in 
this  area. 


ognized  case  of  abnormal  intercranial  air 
following  fracture  of  the  skull.  It  is  interest- 
ing to  note  that  while  in  the  case  reported 
by  Dr.  Stewart  the  air  was  on  the  right  side 
and  in  the  case  which  I  am  now  reporting 
the  air  was  on  the  left  side,  the  condition 
was  not  suspected  clinically  in  either  case.  In 
August,  1 91 8,  Dr.  George  W.  Holmes  of 
Boston  published  his  case  of  air  in  the  cra- 
nial cavity,  and  referred  in  his  article  to  the 


Fig.  2.  Lateral  View  of  Right  Side.  There  is  no 
difference  in  size  of  the  cavit}',  as  it  extends  to  the 
midline  of  the  skull. 

have  made  a  recovery  either  with  or  without 
surgical  intervention.  It  is  possible,  however, 
that  many  cases  of  this  condition  presenting 
no  clinical  svmptoms  which  would  cause  the 
patient  to  have  an  .r-ray  examination  have 
passed  unrecognized  and  made  a  complete 
recovery.  The  indication  for  operation 
would  seem  to  depend  entirely  upon  the 
symptoms,  as  is  shown  by  the  recovery  of 
the  case  reported  by  Dr.  Potter,  in  which 
the  patient  made  a  complete  recovery  with- 
out surgical  interference,  but  at  no  time  pre- 
sented serious  symptoms,  and  showed  ab- 
sorption taking  place  in  subseciuent  exam- 
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inations.  In  our  case  the  patient  presented 
symptoms  which  progressively  grew  worse 
until  serious  damage  had  been  done  to  the 
frontal  lobe  of  the  brain  and  surgical  inter- 
vention was  evidently  too  late  to  save  the 
patient.  I  have  been  unable  to  find  any  cases 
other  than  those  referred  to  above  with  the 
exception  of  one  reported  by  Dr.  R.  J.  May 
of  Cleveland  and  in  The  American  Jour- 
nal OF  Roentgenology  of  April,  1919,  in 
which  case  the  plates  were  made  several 
hours  after  death.  The  condition  is  some- 
what unique  in  so  far  as  it  is  not  recognized 
or  suspected  until  after  the  roentgen  exam- 
ination is  made. 

On  June  7,  191 9,  the  patient  was  struck 
by  an  automobile,  at  which  time  he  received 
lacerations  of  the  scalp  in  the  supra-orbital 
region.  He  became  unconscious  and  re- 
mained so  for  several  days,  and  then  re- 
gained consciousness,  but  complained  of  con- 
stant and  severe  headache  in  the  left  frontal 
region.  He  also  complained  of  blindness  in 
the  left  eye.  The  left  eyeball  was  slightly 
sunken  in  the  orbit.  No  operation  was  per- 
formed at  the  time  beyond  sewing  up  the 
wound., About  the  middle  of  August  he  be- 
came very  irrita1)le,  but  did  not  attempt  vio- 
lence either  to  himself  or  others.  He  also 
began  to  suffer  from  attacks  of  vertigo,  and 
would  faint  three  or  four  times  a  day. 

About  the  latter  part  of  August  his  mental 
condition  became  worse,  and  he  developed 
auditory  aphasia.  When  addressed  he  would 
frequently  give  a  totally  irrelevant  reply. 
This  condition  became  worse.  His  memory 
did  not  seem  to  be  affected,  for  he  had  no 
difficulty  in  naming  his  nine  children,  stating 
their  ages,  dates  of  birth  and  death,  and  he 
seemed  to  be  quite  familiar  with  his  circum- 
stances and  surroundings,  and  talked  intel- 
ligently on  topics  of  every-day  interest.  For 
some  weeks  previous  to  his  admission  to  the 
wards  of  the  University  Hospital  he  would 
wet  and  soil  his  clothing,  and  claimed  that 
he  had  no  knowledge  of  having  done  so.  He 
had  evidently  lost  control  over  his  bladder 
and  rectal  reflexes.  His  appetite  was  not  af- 
fected and  he  slept  well. 


The  patient  was  referred  for  roentgen 
examination  September  2,  1919,  and  during 
the  absence  of  Dr.  Pancoast  was  examined 
by  me.  Stereoscopic  plates  were  made  of 
both  sides  of  the  head,  also  one  postero- 
anterior  of  the  frontal  region,  and  one 
antero-posterior  of  the  occipital  region.  The 
examination  was  made  presumably  to 
demonstrate  a  depressed  fracture,  which 
was  found  in  the  left  frontal  and  temporal 
region.  We  were  much  surprised  to  find  in 
addition  a  large  air  cavity.  The  plates  of  the 
left  side  (Fig.  i)  showed  the  fracture  in- 
volving the  lower  anterior  section.  The  air 
cavity  was  oval  in  shape  with  irregular 
edges  and  measured  3^  by  2^  inches  on 
the  left  side  plate  and  about  2^  inches  in 
width  on  the  plate  made  of  the  frontal 
region.  (Fig.  3.) 

Difficulty  was  encountered  in  obtaining 
the  consent  of  relatives  for  the  necessary 
operation ;  valuable  time  was  lost,  the  patient 
gradually  grew  weaker,  and  the  symptoms 
became  more  pronounced.  Consent  was 
finally  obtained  and  operation  performed 
September  24th.  The  skull  was  trephined  in 
the  left  fronto-temporal  region.  The  dura 
seemed  tense  and  under  pressure  and  upon 
opening  it  air  rushed  out  with  a  hissing 
sound.  It  was  found  that  the  frontal  lobe  in 
this  region  was  compressed  by  the  confined 
air  and  the  brain  tissue  was  soft  and  lacked 
its  normal  resiliency.  There  was  practically 
no  bleeding  and  no  evidence  of  previous 
hemorrhage.  The  dura  was  freed  as  far  as 
possible  from  the  skull  to  permit  it  to  col- 
lapse and  prevent  the  reforming  of  the  air 
cavity.  The  condition  of  the  patient  rapidly 
grew  worse  and  he  died  the  next  day. 

The  autopsy  revealed  two  openings 
through  the  dura  and  a  depressed  fracture 
above  the  outer  half  of  the  orbit  extending 
over  to  the  temporal  region  in  one  direction 
and  towards  the  cribriform  plate  of  the 
ethmoid  in  the  other.  The  brain  tissue  in  the 
aft'ected  area  was  soft  and  did  not  expand 
after  the  air  pressure  had  been  released  at 
operation.  Brain  tissue  was  adherent  over 
the  frontal  sinus  but  no  opening  directly  into 
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the  frontal  sinus  was  found.  The  dura  was  This  probably  acted  as  a  valve  in  admitting 

adherent  to  the  skull  in  many  places,  and  the  and  confining  the  air. 

air  was  under  the  dura.  The  fracture  ex-  The  unusual  features  of  this  case  were: 

tended  into  the  ethmoid  sinuses,  into  which  (i)    The  length  of  time  the  patient  lived 


Fig.      3.      POSTERO-ANTERIUK      ViEVV,      PlATE     ANTERIOR,  FiG.     4.      AnTERO-POSTERIOR     ViEW,     PlATE     POSTERIOR, 

showing  the  lateral  dimensions  o£  the  air  cavity.  showing  limitation  to  left  hemisphere. 


with    gradually    increasing    air    cavity    into 


a  probe  was  passed,  aiid  found  a  free  pass 

age  into  the  nasal  cavity  on  the  left  side,  which  air  constantly  gained  admission  from 

Considerable  thick  mucous  was  found  in  the  the  ethmoid  cells  and  could  not  escape.   (2) 

passage   through    which    the    probe   passed.  The  condition  was  not  suspected. 


A  RETINOMETER* 

By  a.  HOWARD  PIRIE,  M.D. 

M0NTRE.\L,    CANADA 


'  I  ""  HE  instrument  which  I  present  to  you 
-■■  was  made  in  order  to  allow  me  to  test 
the  sensitiveness  of  my  own  retina  to  the 
fluorescent  screen.  I  use  it  for  this  purpose 
from  time  to  time,  but  its  chief  field  of  use- 
fulness is  in  its  power  to  take  up  the  atten- 
tion of  visiting  physicians  and  surgeons  who 
come  to  the  fluoroscope  with  retinae  ren- 
dered most  insensitive  by  the  light  in  which 
they  are  accustomed  to  work.  These  visitors 
to  the  fluoroscope  are  invariably  willing  to 
go  on  using  the   retinometer  till   they   are 


readv  to  see  the  fluorescent  screen  to  advan- 
tage. The  more  visitors  who  come  at  one 
time  the  better,  as  then  there  is  competition 
between  them  as  to  who  will  first  develop 
sufficient  sensitiveness  of  his  retina  to  be  the 
first  to  use  the  instrument. 

The  retinometer  consists  of  three  lumin- 
ous discs,  the  largest  is  a  triangle,  the  me- 
dium sized  one  is  oval  and  the  smallest  one 
is  a  circle  with  a  diameter  of  about  i  mm. 
These  three  discs  are  kept  in  the  dark  by  a 
covering   flap   which   is  kept   in  apposition 
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with  the  discs  by  means  of  a  spring.  A  string 
a  yard  long  is  attached  to  the  flap.  By  puUing 
this  string  the  discs  are  exposed.  The  free 
end  of  the  string  has  a  luminous  tassel  for 
the  convenience  of  finding  it  in  the  dark.  To 
use  the  instrument  the  observer  picks  up  the 
tassel  and  pulls  on  the  string;  holding  the 
tassel  in  his  hand,  keeping  the  string  taut  he 


Fig.   I.  Retinometer  Closed. 

places  the  tassel  against 
his  temple,  his  eyes  are 
then  at  a  distance  of 
one  yard  from  the  in- 
strument and  the  lumi- 
nous discs  are  exposed 
to  his  view.  He  is  now 
in  a  position  to  gauge 
the  sensitiveness  of  his 
retinae.  Most  observers 
are  able  to  see  the  lumi- 
nous tassel  at  once.  One 

who  has  come  into  the  dark  room  from  out 
of  doors  will  be  unable  to  see  the  large  lumi- 
nous triangle.  But  by  going  close  up  to  it  he 
will  see  it  and  he  can  then  recede  from  it 
gradually,  keeping  it  in  view  as  his  retina 
grows  more  sensitive.  When  he  can  just  see 
the  large  triangle  alone  at  the  distance  of  the 
length  of  the  string  (one  yard)  he  will  be  un- 
able to  see  the  next  brightest  spot — the  oval, 
but  by  now  going  close  up  to  it  he  will  be  able 
to  see  the  oval  and  by  the  time  he  can  see  the 
oval  at  the  distance  of  the  length  of  the 
string,  he  is  ready  to  begin  to  use  the  fluor- 
escent screen.  Until  he  can  see  the  triangle 
and  the  oval  in  the  dark  his  eyes  are  not  in  a 
fit  state  to  look  at  the  screen.  It  is  folly  to 
point  out  tuberculosis  to  a  visiting  physician 
when  his  eyes  are  not  sensitive  enough  to  see 
these  two  discs  in  the  dark.  Visitors  to  the 
dark  room  seldom  stay  long  enough  to  be 


able  to  see  the  third  luminous  disc,  bvit  the 
radiologist  should  be  able  to  see  it  plainly 
himself. 

When  finished  with  the  instrument  the  ob- 
server lets  go  of  the  string  and  it  automat- 
ically closes,  thus  protecting  the  luminous 
discs  from  the  action  of  light.  The  discs 
shine  more  brightly  in  the  dark  after  being 


Fig.  2.  Retinometer  Open. 

exposed  to  bright  light  and  for  this  reason 
they  are  always  kept  in  the  dark  and  only 
exposed  to  view  by  the  action  of  pulling  the 
string.  They  remain  of  constant  luminous 
power  if  they  are  not  exposed  to  the  light. 
The  three  discs  chosen  for  this  instrument 


Fig.  3.  Retinometer  in  Oper.vtion. 

are  the  standard  discs  of  a  company  manu- 
facturing them.  I  |)icked  them  out  of  a  large 
selection  of  standard  luminous  discs,  and 
have  been  using  them  for  more  than  six 
months  during  which  I  have  noticed  no 
change  in  the  power  of  their  luminosity. 

I  have  to  acknowledge  the  help  of  the 
^'ictor  Electric  Corporation  in  getting  the 
instrument  up  in  its  present  shape,  which 
difl^ers  considerablv  from  mv  first  model. 


INTRACRANIAL   CALCIFICATION* 


By  JOHN  T.  MURPHY,  M.D. 


TOLEDO,  OHIO 


'  I  ''HIS  paper  is  the  result  of  an  interest 
-■•      in  the  subject  aroused  by  the  follow- 
ing case : 

CASE  REPORT 

Mrs.  M.  J.  L.  Referred  by  Dr.  Pamment. 

Occupation:  Bookkeeper.  Age  forty- 
seven.  Married. 

Previous  History. — Negative  except  for 
diphtheria  in  childhood.  Perineal  repair  in 
191 2.  Menstruation  began  at  eighteen  years. 
Stopped  at  the  age  of  forty-two.  Always 
regular  and  no  pain.  Patient  married  at 
twenty-four  years  and  had  her  first  child  at 
twenty-seven  years,  which  died  fourteen 
months  later  of  infantile  paralysis. 

Convulsions  began  some  time  after  an 
operation  for  repair  of  a  perineal  tear,  in 
191 2.  At  first  they  occurred  about  twice  a 
year,  then  four  times  a  year  and  during  No- 
vember, 1 91 9,  she  had  four.  With  two  ex- 
ceptions they  always  came  on  during  sleep. 
Her  husband  states  that  he  would  be  awak- 
ened in  the  early  morning  by  her  moaning 
and  would  find  her  shivering,  teeth  set  and 
some  frothing  at  the  mouth.  She  would  be 
unconscious  of  the  attack  until  the  next 
morning,  when  she  would  find  that  she  had 
passed  her  urine  in  the  bed,  and  had  a  sore 
tongue  and  a  severe  headache.  She  would 
feel  so  tired  and  muscle  sore  that  she  would 
not  go  to  work  that  day.  She  has  had  more 
or  less  headache,  but  noticed  that  the  head- 
ache was  very  severe  and  continuous  the 
whole  month  of  November,  191 9.  Has  had 
no  nausea  or  vomiting.  Has  worn  glasses  for 
some  time  but  has  not  noticed  that  her  eye- 
sight was  getting  worse  previous  to  this  last 
attack. 

Present  Complaint. 

1.  Paralysis  of  right  arm  and  leg. 

2.  Inability  to  speak. 

3.  Drooling  from  right  side  of  the  mouth. 
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4.  Convulsions. 

5.  Headache. 

History  of  Present  Complaint. — On  Nov. 
29,  1 91 9,  patient  got  up  at  the  usual 
time,  dressed  herself  and  went  to  the  kitchen 
to  prepare  breakfast,  but  was  not  conscious 
of  it.  Her  husband  saw  that  she  was  not 
well  and  insisted  that  she  go  back  to  bed. 
He  tried  to  have  her  drink  some  coffee  but 
she  couldn't  hold  the  cup.  He  put  her  to  bed 
where  she  slept  almost  continuously  for 
twenty-four  hours. 

Physical  Examination. — Nov.  30,  1919. 
Patient  is  a  robust  woman,  lying  in  bed, 
conscious  but  unable  to  talk.  Head  and 
Neck:  Right  side  of  face  is  smoothed  out. 
Tongue  protrudes  to  the  right.  Mouth  is 
drawn  to  left.  Drools  out  of  right  side  of 
mouth.  Right  eyelid  closes  partly  only.  Pa- 
tient tries  to  talk  but  cannot.  Chest:  Lungs 
— negative.  Heart :  Borders  normal,  rate,  70, 
rhythm  good.  No  murmurs.  Abdomen :  Neg- 
ative. Right  Arm:  Can  move  it  part  way  to 
head.  Left  Arm:  Normal.  Rig^ht  Legf:  Can 
move  it  slighth 
Pressure:  Systolic,  i 
Wassermann:  Negative.  Spinal  Fluid:  Neg- 
ative. Urine:  Negative. 

Since  this  time  there  has  been  a  gradual 
return  of  normal  functions.  No  convulsions 
since  onset.  As  soon  as  the  patient  was  able 
to  be  about  she  was  brought  in  for  examina- 
tion with  the  .r-rays.  A  stereoscopic  set  of 
plates  showed  the  following: 

A  series  of  fine  calcified  lines,  each  form- 
ing part  of  a  circle,  was  seen  to  lie  above  and 
behind  the  sella  and  about  midway  between 
the  left  side  of  the  skull  and  the  median  line, 
the  whole  making  a  barrel  shaped  shadow 
with  the  long  diameter  transverse,  size  about 
1/  inch  in  width  by  about  ^  inches  long. 
There  is  also  a  distinct  increase  in  the  mark- 
ing's of  the  frontal  bones  on  that  side. 


Right  Leg: 
:  Normal.  Blood 
30;  Diastolic,  85.  Blood 


Left  Leg 
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On  reviewing  the  literature  an  exhaustive 
study  of  the  subject  was  found  in  the  Johns 
Hopkins  Hospital  Bulletin  for  October, 
1916,  in  which  the  entire  subject  of  the  use 
of  the  ,^'-ray  in  brain  tumor  cases  was  taken 
up.  The  previously  reported  cases  are  re- 
viewed. They  are  seven  in  number,  all  from 
the  foreign  literature.  To  these  are  added  six 
of  their  own,  found  in  a  series  of  100  cases 
clinically  demonstrated  brain  tumors. 


calcification  extended  from  the  base  upward 
into  the  brain  substance,  one  case  of  aneur- 
ysm of  the  internal  carotid  artery,  and  two 
cases  of  calcification  above  and  very  close  to 
the  sella. 

In  The  American  Journal  of  Roent- 
genology, 1 91 6,  III,  is  a  report  of  a  case  by 
A.  W.  George,  as  follows:  A  man  twenty- 
three  years  old.  Stereoscopic  plates  of  the 
head  made  in  the  lateral  position  show  an 


Fig.  I.  Showing  Calcareous  Mass  in  Left  Side  of  Skull. 


In  the  cases  reported  in  the  foreign  lit- 
erature Fittig  observed  three  calcified  areas 
in  the  walls  of  a  cyst  in  an  occipital  lobe; 
Grunmach  a  calcified  tumor  in  the  pineal 
gland;  Algygi  a  basal  tumor  with  areas  of 
calcification;  Klineberger  a  tumor  of  the  oc- 
cipito-parietal  region ;  Steida  a  calcified 
cysticercus,  and  Strater  a  calcified  brain  ab- 
scess only  recognized  after  operation  ;  Licht- 
heim  a  calcified  gumma  also  not  recognized 
until  after  operation.  Schiiller  in  his  book 
reports  five  cases  all  of  which  are  calcified 
areas  in  the  brain  substance  itself.  Huerig 
and  Dandy's  cases  are  as  follows:  One  case 
of  calcification  of  the  brain  substance,  one 
case  of  calcification  in  the  sella,  one  case  of 


area  of  about  3  cm.  in  diameter,  posterior  to 
the  sella,  with  apparently  calcified  walls.  The 
patient  had  been  injured  in  the  head  while 
playing  football  and  was  unconscious.  Epi- 
leptic attacks  began  about  eighteen  months 
ago.  Operation  showed  a  small  tumor  situ- 
ated just  below  the  pia  mater  and  adherent 
to  the  mid  frontal  lobe,  diagnosed  as  an  en- 
capsulated glioma. 

In  an  endeavor  to  find  out  the  general 
experience  of  roentgenologists,  I  wrote  to 
twenty-five  of  the  members  of  the  Society, 
asking  them  to  give  me  their  experience  with 
the  demonstration  of  calcified  areas  within 
the  skull.  Many  of  the  letters  spoke  of  the 
calcification  of  the  pineal  gland,  which  was 
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considered  as  a  normal  finding.  Except  in 
four  instances  the  replies  were  negative  for 
other  findings.  Dr.  Charles  F.  Bowen  re- 
ported one  positive  case  in  approximately 
200  cases  examined.  The  history  is  as 
follows : 

There  was  a  calcareous  deposit  about 
I  inch  long  and  ^2  inch  wide  which  was 
found  to  be  lying  just  above  the  external 
auditory  canal  about  i  inch  from  the  inner 
table.  It  was  lying  in  the  brain  tissue.  This 
was  removed  at  operation  and  his  epilepsy 
cured.  The  man  had  had  a  fractured  skull 
about  fifteen  years  before.  Dr.  Bowen  was 
of  the  opinion  that  a  small  piece  of  bone 
was  driven  into  the  brain  tissue  acting  as  a 
nucleus  for  the  deposit  of  lime.  The  speci- 
men however  failed  to  show  any  nucleus  of 
this  kind.  This  was  the  only  case  in  the  ex- 
perience of  these  men  in  which  they  were 
able  to  show  calcification  in  the  brain  Itself. 
One  man  had  had  considerable  experience 
with  calcified  areas  in  the  falx  cerebri,  the 
"psammoma"  of  the  textbooks.  Two  other 
men  called  attention  to  the  finding  of  calci- 
fied plac[ues  in  the  meninges.  Other  than  this 
the  findings  had  all  been  negative. 

The  actual  diagnosis  of  the  case  I  have 
reported  is  in  no  way  clear  to  me.  Whether 
it  is  a  cyst  of  the  brain  or  an  aneurysm  of 
the  anterior  cerebral  artery  I  am  not  sure.  It 
is  however  clear  from  the  clinical  view-point 
that  its  presence  has  at  times  caused  changes 
in  the  internal  capsule;  the  absence  of  gen- 
eral signs  of  pressure  is  noticeable,  and  al- 
though the  eyegrounds  were  not  examined 
at  the  time  of  the  paralysis,  later  examina- 
tion shows  them  to  be  clear. 

Roentgenograms  made  recently  of  the 
case  seem  to  show  that  the  tumor  is  less 
clearly  defined ;  this  however  may  be  due 
only  to  difference  of  technique.  The  fact  that 
the  patient  has  been  on  small  doses  of 
the  iodides  continuously  since,  may  have  had 
some  effect.  She  now  is  apparently  in  good 
health,  with  no  headaches  and  only  a  small 
facial  paralysis  remaining. 
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DISCUSSION 

Dr.  W.  F.  Manges.  I  know  but  little  about 
the  subject  of  the  author's  paper.  I  have  seen 
quite  a  number  of  calcified  masses  in  the  skull. 
I  have  not  come  to  the  point  where  I  want  to 
take  the  time  to  study  the  literature  on  the 
subject,  and  unfortunately  the  cases  are  so 
seldom  operated,  that  we  really  don't  get  to  the 
final  diagnosis  in  the  matter. 

I  have  recently  had  a  case  in  which  there 
was  a  calcareous  mass  that  was  fully  an  inch 
and  a  half  in  length  and  practically  an  inch  in 
its  greatest  width,  irregular  in  outline,  and 
ver\'  much  more  densely  calcareous  than  is 
shown  in  Dr.  Murphy's  case.  This  particular 
patient  had  no  symptoms  whatever,  except 
headache.  He  was  a  clothing  salesman,  who 
had  been  working  up  to  within  two  or  three 
days  of  the  time  when  I  first  examined  him,  but 
he  did  have  at  that  time  very  violent  head- 
ache. He  stayed  around  the  Hospital  for  a 
while,  and  became  dissatisfied  about  something 
and  went  elsewhere.  Finally  someone  started 
giving  him  iodides — his  Wassermann  had  been 
negative  both  by  blood  and  spinal  fluid — but 
with  iodides  his  headache  disappeared,  and  he 
was  apparently  very  much  improved.  I  haven't 
had  a  recent  radiograph  of  him,  so  I  can  not 
say  whether  or  not  there  has  been  any  change 
ill  the  tumor. 

In  another  instance,  an  adult,  man,  age 
forty-five  to  forty-eight  years,  had  been  per- 
fectly healthy  all  his  life,  w'ithout  any  history 
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of  injur}-  until  just  shortly  before  ni}-  exam- 
ination— I  have,  I  believe,  shown  this  case  be- 
fore this  Society  or  some  section  of  it  previ- 
ously— and  the  radiographs  of  the  head  showed 
a  dense  "stone,"  I  called  it,  in  his  brain,  within 
about  a  half  inch  of  the  cortex  on  one  side.  He 
came  to  me  for  examination  because  he  had  re- 
cently developed  epileptic  convulsions,  never 
having  had  any  during  early  life,  and  no  fam- 
ily history  of  anything  of  the  sort.  What  the 
origin  of  that  densit}'  was,  I  haven't  the  faint- 
est idea,  but  I  think  the  injury  he  received 
shortly  before  he  came  to  me  was  severe 
enough,  and  the  weight  of  this  thing  sufficient, 
that  the  trauma  that  otherwise  would  not  have 
been  disastrous  at  all,  set  up  an  irritation  which 
v^as  the  cause  of  his  epilepsy.  He  refused 
operation. 

Then  again  I  have  had  a  number  of  cases  in 
which  these  calcareous  nodules  were  multiple 
and  scattered  throughout  the  brain,  near  the 
cortex,  and  deep  in  the  brain,  and  in  only  one 
instance  did  I  have  any  idea  as  to  what  the 
cause  might  be,  and  that  was  the  case  of  a  child 
who  gave  a  very  definite  history  of  tuberculous 
meningitis,  and  I  thought  perhaps  there  had 
been  foci  of  infection  in  the  brain  at  one  time 
which  had  healed  by  calcareous  deposit. 

Dr.  W.  a.  Evans.  We  have  been  able  to 
classify  intracranial  calcifications  under  three 
general  heads.  The  first  is  the  calcification 
which  occurs  in  cyst  walls.  These  cysts  have 
been  observed  both  in  infancv  and  adult  life. 


Infants  showing  calcified  C}st  formation  usu- 
ally present  evidence  of  impaired  mental  de- 
velopment or  a  spastic  paraplegia.  The  calcifi- 
cations occurring  in  adult  skulls  are  usually 
associated  with  cysts  which  are  secondary  to  a 
fracture  of  the  skull  or  subdural  hemorrhages. 
Plates  of  the  head  in  a  case  recently  referred 
for  skull  examination,  with  a  history  of 
epilepsy,  revealed  a  calcification  which  oc- 
curred in  the  brain  substance,  the  distribution 
of  lime  suggesting  deep  brain  cyst. 

Under  the  second  heading  are  the  deposits 
of  so-called  "brain  sand."  Of  special  interest 
at  this  time  is  the  deposit  of  lime  in  the  pineal 
body,  it  being  claimed  by  some  observers  that 
the  calcification  of  the  pineal  is  evidence  of  its 
degeneration,  with  resulting  loss  of  function; 
accordingly  cases  presenting  abnormal  sexual 
development  should  present  atypical  calcifica- 
tions of  the  pineal  gland.  In  our  experience, 
there  has  been  no  constant  connection  between 
early  deposits  of  lime  in  the  pineal  gland  and 
precocious  sexual  development  of  thirteen,  in 
which  we  were  unable  to  show  any  brain  sand 
in  the  vicinit}'  of  the  pineal. 

The  deposits  of  brain  sand  in  the  falx  cere- 
bri, the  so-called  psammoma,  should  not  be 
considered  as  the  same  type  as  a  pineal  calci- 
fication. Some  pathologists  classify  them  as  a 
true  bone  tumor  or  osteoma. 

Under  the  third  heading,  and  this  is  probably 
the  least  important,  is  the  calcium  deposit  in 
the  walls  of  the  blood  vessels,  especially  the 
circle  of  Willis. 


NEW   ROENTGENOGRAPHIC  TECHNIQUE    FOR   THE 
STUDY  OF   THE   THYROID* 

By  GEORGE  E.  PFAHLER,  M.D. 

PHILADELPHIA,  PENNSYLVANIA 


"IV /T  Y  experience  in  the  study  of  the  thy- 
^^■*'  roid  roentgenographically,  heretofore, 
has  been  generally  unsatisfactory.  I  have 
seen  no  description  of  technic|ue  that  really 
demonstrates  the  outline  of  the  thyroid  ex- 
cept in  very  large  thyroids  or  in  the  large 


Fin.  I.  P.24454-D.  Mr.  J.  S.  Carcinoma  of  the 
Thyroid.  Note  the  size  of  the  thyroid,  but  particu- 
larly the  irregular  compression  of  the  esophagus. 

substernal  thyroids.  These  have  been  studied 
in  the  postero-anterior  position,  especially 
by  Drs.  Crotti  and  Bowen  in  their  excellent 
paper  presented  before  this  Society  in  1913.^ 
Since  so  large  a  number  of  the  hyperthy- 
roid  cases  are  sent  for  roentgenotherapy,  be- 
cause of  the  excellent  therapeutic  results 
obtained  in  the  treatment  of  toxic  goiters, 

1  Crotti,  Andre.  The  roentgen  ray  in  intrathoracic 
goiter  and  thymus  hyperplasia.  /.  Am.  M.  Assn., 
Jan.  II,  IQ13,  p.  117. 

*Read  at  the  Twenty-first  Annual  Meeting  of  The  American 


we  have  an  excellent  opportunity  for  a  care- 
ful study  of  this  group  of  patients.  There- 
fore, in  February  of  this  year  I  determined 
to  investigate  these  cases  as  thoroughly  as 
possible  roentgenographically,  and  have 
finally  developed  a  technicpe  that  is  almost 
universally  satisfactory,  because  one  can,  by 
this  method,  demonstrate  not  only  the  ab- 
normal thyroid  and  the  enlarged  thyroid, 
l)ut  the  normal  thyroid.  I  know  of  no  other 
techniciue  which  will  demonstrate  the  size 
and  outline  of  the  normal  thyroid. 

It  is  well  known  that  the  reduction  in  the 
thyroid  bv  roentgenotherapy  is  one  of  the 
latest  results  obtained  in  the  treatment  of 
the  exophthalmic  goiters,  or  Grave's  disease. 
I  have  many  patients  that  have  been  cured, 
but  unfortunately  I  do  not  have  their  ori- 
ginal roentgenograms ;  that  is.  the  roentgen- 
ograms made  of  their  particular  cases  at  the 
beginning  of  treatment.  I  am  c^uite  sure,, 
however,  that  as  this  study  is  further  de- 
veloped and  continued,  we  can  record  cpite 
accurately  the  progressive  reduction  in  the 
size  of  the  goiter.  Measurement  of  the  cir- 
cumference of  the  neck  in  determining  the 
reduction  of  the  goiter  is  very  crude,  for  one 
may  actually  have  a  reduction  in  the  size  of 
the  tumor,  and  yet  an  increase  in  the  size  of 
the  neck,  because  it  is  quite  well  known  that 
as  exophthalmic  goiter  cases  improve, 
they  begin  to  take  on  weight.  In  fact,  in- 
crease in  weight  is  one  of  the  earliest  signs 
of  improvement.  As  they  increase  in  weight, 
naturally  the  circumference  of  the  neck  in- 
creases due  to  the  deposit  of  fat.  and  there- 
fore the  goiter  may  be  reduced  while  the 
circumference  of  the  neck  shows  very  little 
reduction  or  even  shows  an  increase.  It  can- 
not, therefore,  be  depended  upon  as  a 
method  of  recording  the  progressive  reduc- 
tion of  a  goiter. 

Roentgen    Ray   Society,   Minneapolis,   Minn.,    Sept.   14-17,   1920, 
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In  a  number  of  cases  patients  are  sent 
with  symptoms  of  hyperthyroidism  and  one 
can  feel  Httle  or  no  enlargement  of  the  thy- 
roid, but  since  I  have  been  using  this  method 
of  recording,  I  have  not  found  one  in  which 
there  was  not  an  actual  enlargement  of  the 
thyroid.  I  cannot  say,  however,  that  one  does 
not  have  hyperthyroidism  without  an  in- 
crease in  the  size  of  the  thyroid.  Occasionally 
a  patient  complains  of  difficulty  in  swallow- 
ing due  to  pressure  in  the  region  of  the 
thyroid  and  yet,  by  palpation,  the  enlarge- 


and   difficulty    in    swallowing   or   breathing 
without  being  palpable. 

This  method  may  be  of  value  in  differen- 
tiating malignant  goiter  from  the  benign 
goiter — probably  only  in  occasional  in- 
stances, however.  In  one  case  there  was  con- 
siderable irregularity  in  the  outline  of 
pressure  upon  the  esophagus. 

TECHNIQUE 

The  examination  is  made  with  the  patient 
in  the  standing  posture.   The  position  best 


Fig.  2.  P.29437-D.  Moderate-Sized  Goiter  Showing 
Marked  Compression  of  the  Esophagus. 

ment  is  so  slight  (or  entirely  absent),  that 
it  is  difficult  to  understand  how  a  patient 
can  have  such  symptoms  without  palpable 
enlargement.  By  this  method,  how^ever,  com- 
pression of  the  trachea  or  pressure  of  the 
esophagus  can  be  shown  and  these  s}'mptoms 
explained.  It  is  well  known  that  even  the 
very  large  goiters  may  cause  no  pressure  ef- 
fects on  either  the  trachea  or  the  esophagus. 
On  the  other  hand,  a  very  small  goiter  or 
small  adenoma  may  press  posteriorlv  and 
cause  a  very  distinct  symptom  of  pressure 


Fig.  3.  P.28929-D.  Note  the  Compression  of  the 
Esoph.agus  by  a  very  small  Goiter  in  a  Case  in 
which  the  Goiter  was  not  Palpable.  Note  the  en- 
larged lymphatic  gland  under  the  angle  of  the  jaw. 

showing  the  outline  of  the  tumor  is  obtained 
fluoroscopically.  The  patient's  sternum  and 
the  anterior  portion  of  the  neck  is  pressed 
strongly  against  the  fluorescent  screen.  The 
chin  is  turned  toward  the  side  on  which  the 
enlargement  is  most  marked  and  tilted  up- 
ward as  far  as  possible.  This  draws  the  thy- 
roid up  into  position  where  it  can  be  shown 
in  the  plate.  One's  aim  must  be  to  get  a  good 
lateral  view  of  the  neck,  but  both  shoulders 
should  be  as  nearly  as  possible  in  contact 
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with  the  plate.  I  think  it  is  entirely  possible 
that  this  same  technique  can  be  carried  out 
with  the  patient  lying  down  upon  the  table ; 
but  in  my  own  laboratory  I  have  found  the 
above  position  more  practical.  The  tube  plate 
distance  is  25  inches.  The  tube  is  centered 
midway  between  the  lower  border  of  the  jaw 
and  the  upper  border  of  the  clavicle  and  cen- 
tered directly  over  the  thyroid.  I  use  8  by  10 
duplitized  films  and  double  intensifying 
screens.  The  exposure  will  vary  from  three- 
fourths  to  one  and  a  quarter  seconds,  de- 


DISCUSSION 

Dr.  L.  Jaches.  I  would  like  to  ask  Dr.  Pfah- 
ler  to  describe  the  position  again.  I  did  not 
quite  get  it. 

Dr.  p.  M.  Hickey.  I  was  about  to  ask  the 
same  question.  I  did  not  quite  get  the  angle.  I 
thought  perhaps  he  would  again  demonstrate 
the  exact  technique. 

Dr.  B.  C.  Darling.  I  would  like  to  ask  Dr. 
Pfahler  if  there  is  any  possibility  of  confusing 
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Fig.  4.  P.2S176-D.  Normal  Thyroid.  Note  the 
Smooth  Outline  of  the  Esophagus,  and  the  size 
of  the  Thyroid. 

pending  upon  the  thickness  of  the  patient's 
neck,  with  35  milliamperes,  and  a  5  inch 
spark-gap. 

With  the  above  technique  it  is  possible 
and  advisable  to  examine  every  goiter  patient 
that  comes  to  the  office,  making  a  definite 
record  at  the  beginning  of  treatment,  and 
making  further  records  during  the  treatment 
or  at  the  end  of  treatment.  Further  use  of 
this  method  of  examination  and  detailed 
study  will  probably  demonstrate  more  clearly 
its  usefulness. 


Fig.  5.  P.2S069-D.  Showing  Normal  Thyroid  in  a 
Patient  that  had  p.een  Cured  of  Exophthalmic 
Goiter. 

the  sternocleidomastoid  muscle  in  that  position 
with  the  shadow  of  the  thyroid. 

Dr.  G.  E.  Pfahler  (closing).  Answering 
Dr.  Darling's  question,  if  you  study  those 
plates  carefully,  you  can  see  the  sternocleido- 
mastoid and  why  it  would  not  be  confused 
with  the  shadow  of  the  thyroid.  It  was  shown 
in  a  number  of  the  normal  cases.  If  vou  recog- 
nize the  normal,  it  is  easy  to  recognize  the  ab- 
normal by  comparison.  I  merely  present  this 
as  a  method  and  not  as  a  final  study.  (Position 
again  demonstrated  by  Dr.  Pfahler,  with  Dr. 
Bowman  as  subject.) 


THE  AMERICAN  JOURNAL  OF  ROENTGENOLOGY 

Published  by  Paul  B.  Hoeber,  New  York  City 


Issued  Monthly.  Subscription,  $6.00  per  year.  Advertising  rates  submitted  on  application. 
Editorial  office,  480  Park  Av.,  New  York.  Office  of  publication,  6j-6g  East  59th  St.,  New  York. 


Official  Organ  of 

THE  AMERICAN  ROENTGEN  RAY  SOCIETY 

President 

Arthur  C.  Christie,  M.D., 

1621  Connecticut  Ave.,  Washington,  D.  C. 

First  Vice-President 

A.  H.  PiRiE,  M.D. 

Ro3'al  Victoria  Hospital,  Montreal,  Canada 

Second  Vice-President 

C.  A.  Waters,  M.D.,  iioo  N.  Charles  St.,  Baltimore 

Secretary 

H.  E.  Potter,  M.D.,  122  S.  Michigan  Ave-,  Chicago 

Treasurer 

W.   A.    Evans,    M.D.,   32   Adams   Ave.   W.,    Detroit 

Executive  Committee 

Henry  K.  Pancoast,  M.D.,  Philadelphia,  Pa. 

Alexander  B.  Moore,  M.D.,  Rochester,  Minn. 

W.  B.  Bowman,  M.D.,  Los  Angeles,  Cal. 

Publication  Committee 

Isaac  Gerber,  M.D., 
Leopold  Jaches,  M-D., 
P.  M.  HicKEY,  M.D., 

Librarian  and  Historian 

H.   W.  Dachtler,  224  Michigan   St.,  Toledo,  Ohio. 

Editor 

H.  M.  Imboden,  M.D.        4S0  Park  Ave.,  New  York 

Associate  Editor 

Percy  Brown,  M-D.,  Boston,  Mass. 

Annual  AIeetixg  Central  Section 

The  Second  Annual  Meeting  of  the  Central 
Section  of  The  American  Roentgen  Ray 
Society  will  be  held  on  February  21,  1921,  at 
St,  Louis,  Missouri. 

Communications  regarding  the  program 
should  be  addressed  to  the  president,  Dr.  James 
G.  \^an  Zwaluwenburg,  Ann  Arbor,  IMichigan. 
The  chairman  of  the  local  committee.  Dr. 
Edwin  C.  Ernst,  412  Humbolt  Building, 
St.  Louis,  may  be  addressed  concerning  mat- 
ters of  arrangements. 


Providence,  R.  I. 

New  York  City 

Detroit,  Mich. 


Anxl'al  Meeting  Western  Section 

The  officers  of  the  Western  Section  of  The 
American  Roentgen  Ray  Society  are  mak- 
ing plans  for  their  second  annual  meeting. 
They  have  selected  Portland,  Oregon,  as  the 
place  of  meeting,  and  the  time  has  been  set  for 
May  27th  and  28th.  This  time  will  permit  of  a 
continuous  trip  for  the  western  men  who  de- 
sire also  to  attend  the  A.  ]\I.  A.  meeting  in 
Boston. 

The  Pacific  Coast  Roentgen  Ray  Society 
will  meet  at  the  same  time  and  place,  the  two 
oi"ganizations  being  the  guests  of  the  Portland 
Roentgen  Club,  a  very  active  organization  of 
specialists. 

The  Secretar}-  of  the  Western  Section  would 
welcome  a  visitor  or  two  from  the  East  with 
papers  or  demonstrations,  and  can  assure  them 
of  a  very  enjoyable  meeting.  Address  Dr.  A\^ar- 
ner  Watkins,  Box  1328,  Phoenix,  Arizona. 

LAWRENCE  HERSCHEL  HARRIS 

Lawrence  Herschel  Harris  died  at  his 
home   in    Sydney   on   September    13,    1920, 


Lawrence  Herschell  Harris 
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after  a  distressing  illness  of  fifteen  weeks  due 
to  an  encephalitis  following  influenza.  He 
was  the  last  of  Australia's  pioneer  roentgen- 
ologists, having  taken  up  this  specialty  in  the 
late  nineties.  He  was  appointed  roentgenolo- 
gist to  Sydney  Hospital  in  1900,  and  at  the 
time  of  his  death  he  was  consultant  to  this 
hospital  and  also  director  of  departments  of 
Roentgenology  at  the  Royal  Prince  Alfred 
and  Royal  Alexandra  Hospital  for  Children 
in  Sydney.  He  was  made  an  Honorary  Mem- 
ber of  the  American  Roentgen  Ray  So- 
ciety in  1916  and  was  President  of  the  Sec- 
tion of  Roentgenology  at  the  Australasian 
Medical  Congress  in  191 3.  He  was  visiting 
England  in  August,  1914,  and  volunteering 
immediately  left  London  on  August  i6th 
with  the  Australian  Voluntary  Hospital  for 
France.  Later  he  was  transferred  to  No.  3 
A.  G.  H.  at  Lemnos,  and  after  the  evacua- 
tion of  Gallipoli  he  was  invalided  to  England 
on  account  of  his  dermatitis  growing  worse. 

For  many  years  he  had  suffered  patiently 
with  his  hands.  This  did  not  affect  his  un- 
commonly genial  and  courteous  manner 
which  endeared  him  to  the  profession  and 
patients  alike. 

He  was  the  first  man  in  Australia  to  do 
gastro-intestinal  work,  and  as  in  everything 
else  the  standard  he  set  was  of  the  highest. 
He  was  always  found  to  be  most  willing  to 
give  others  the  benefit  of  his  experience. 
All  roentgenologists  in  Australia  owe  a  very 
great  deal  to  one  whose  charming  personality 
and  high  professional  attainment  will  live 
long  with  all.  while  to  the  large  circle  of 
those  more  privileged  to  have  known  him  as 
a  friend,  the  memory  of  that  kind,  generous 
and  true  white  man  will  be  theirs  always. 
L.  J.  Clexdinnen. 

TWENTY '  FIFTH  ANNIVERSARY  OF  THE 
DISCOVERY  OF  THE  XRAY 

The  New  York  Roentgen  Society  cele- 
brated the  twenty-fifth  anniversary  of  the 
discovery  of  the  ,r-ray  on  December  11.  1920. 

The  celebration  was  held  at  the  New  York 
Athletic  Club,  New  York  City,  and  took  the 
form  of  a  dinner  with  members  of  the  Phila- 


delphia and  New  England  Roentgen  So- 
cieties as  guests.  Fifty-two  members  and 
guests  were  present,  with  Dr.  H.  M. 
Lnboden,  President  of  the  New  York  So- 
ciety, acting  as  Toastmaster. 

Following  the  dinner  Dr.  Percy  Brown  of 
Boston  proposed  a  silent  toast  to  those 
former  members  of  the  Societies  who  had 
lost  their  lives  as  martyrs  to  the  advance  of 
roentgenological  science. 

Prof.  J.  S.  Shearer,  speaking  on  "A'-Ray 
and  Research,"  drew  attention  to  the  large 
part  that  branch  has  played  in  the  discovery 
of  electrical  science  and  especially  of  that 
branch  with  which  roentgenologists  are  con- 
cerned. 

Dr.  F.  H.  Baetjer  in  discussing  ".Y-Ray 
Diagnosis,  Its  History  and  Present  Status," 
recounted  delightful  reminiscences  of  the 
early  days  of  the  work  at  Johns  Hopkins 
University  in  the  late  90's  and  early  part  of 
the  present  century. 

Dr.  C.  W.  Holmes  followed  with  some  re- 
marks on  the  present  status  of  A'-ray  thera- 
peutics, and  the  evening  was  closed  by  Dr. 
W.  D.  Witherbee,  who  presented  a  "Prelim- 
inary Report  on  the  Effect  of  Y-Ray  upon 
Tonsillar  Tissue." 

Charles  Eastmond. 

REPORT  OF  COMMITTEE  ON  TEACHING 

In  recommending  a  course  in  roentgen- 
ology for  undergraduate  medical  students 
your  committee  finds  that  it  is  not  an  easy 
task  to  determine  just  what  is  the  proper 
amount  of  instruction  to  meet  the  actual 
needs  of  the  medical  or  surgical  practitioner 
without  loading  him  with  a  mass  of  inter- 
esting but  technical  information  that  he 
cannot  use. 

In  determining  an  ideal  course,  the  ques- 
tion that  first  arises  is  whether  it  is  advis- 
able to  crowd  into  a  curriculum  already  more 
than  full,  another  separate  course,  when  it 
is  so  intimately  bound  up  in  nearlv  everv 
other  subject  of  the  curriculum  that  hardlv 
can  any  branch  be  properly  taught  without 
dealing  with  its  roentgenologic  aspects.  Does 
a  student  then  acquire  in  the  other  courses 
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a  sufficient  knowledge  of  the  subject  to  be 
able  to  read  and  intelligently  digest  the  roent- 
genologic reports  and  illustrations  in  an  ar- 
ticle or  lecture  that  has  a  roentgenologic  as- 
pect? Your  committee  finds  that  there  are 
two  extremes  with  perhaps  as  cogent  reasons 
for  one  view  as  for  the  other.  One  of  these 
holds  that  roentgenology  is  a  specialty  for 
those  trained  therein  and  that  the  medical  or 
surgical  specialist  be  given  only  the  results 
of  his  investigations.  This  same  argument 
would  apply  with  ecjual  force  to  the  patholo- 
gist and  clinical  diagnostician.  Who  would 
have  the  temerity  to  advocate  leaving  these 
two  subjects  to  the  mercy  of  the  teachers  of 
other  branches  ? 

The  other  extreme  tends  to  attempt  to 
make  roentgenologists  of  all  medical  gradu- 
ates and  thus  bury  completely  the  subject  as 
a  true  speciality.  There  seems  to  be  a  middle 
ground  that  can  safely  be  adopted,  one  that 
will  acquaint  the  student  with  the  scope  and 
usefulness  of  the  agent,  enable  him  to  know 
when  to  call  in  the  services  of  the  roentgen- 
ologist, how  to  prepare  patients  for  the  ex- 
ination,  to  understand  the  reports  that  are 
submitted^  and  to  know  how  and  whv  the 
conclusions  have  been  reached — all  this  with- 
out any  practical  knowledge  of  handling  the 
apparatus  or  any  of  the  technique  employed. 

Your  committee  therefore  submits  the  fol- 
lowing as  a  fair  minimum  of  instruction  to 
accomplish  the  ends  that  appear  to  be 
desired: 

(a)  That  the  subject  be  taught  preferably 
in  the  junior  and  senior  years. 

(b)  That  a  minimum  of  forty-two  hours 
be  given  each  student. 

(c)  That  the  junior  course  consist  of  at 
least  three  lectures  and  demonstrations  as  a 
general  introduction,  and  at  least  twenty-nine 
lectures  and  demonstrations  dealing  with  the 
diagnostic  field  and  therapeutic  applications 
as  well  as  the  dangers  and  methods  of  pre- 
venting injuries. 

(d)  That  the  senior  course  be  a  minimum 
of  eight  hours  per  student  consisting  of 
demonstrations  of  clinical  cases  to  the 
sections. 


It  is  especially  desirable  that  the  senior 
students  follow  their  cases  to  the  roentgen 
ray  laboratory,  see  the  examinations  made 
and  the  findings  interpreted  and  reported. 

The  committee  further  recommends  that 
the  use  of  roentgenologic  methods  be  em- 
ployed to  the  fullest  extent  practicable  in  the 
teaching  of  anatomy,  physiology  and  the 
other  fundamental  subjects,  and  that  there 
should  be  the  closest  possible  cooperation  be- 
tween these  departments  and  the  roentgen- 
ologist. 

A.  L.  Gray,  Chairman. 

F.   S.  BlSSELL 
P.  M.  HiCKEY 

J.  S.  Shearer 
W.  F.  Manges 
Couunittce  on  Teaching. 

REPORT  OF  SECOND  ANNUAL  MEETING 
EASTERN  SECTION 

The  second  annual  midwinter  meeting  of 
the  Eastern  Section  of  The  American 
Roentgen  Ray  Society  was  held  in  Atlan- 
tic City  January  28th  and  29th,  in  the  new 
Chalfonte-Haddon  Hall  auditorium,  with 
the  president,  Dr.  David  R.  Bowen,  of 
Philadelphia,  presiding. 

In  point  of  attendance  this  was  the  largest 
midwinter  meeting  ever  held,  and  from  the 
enthusiasm  expressed  by  those  in  attend- 
ance, must  be  rated  as  one  of  the  most 
successful. 

The  Friday  evening  session  was  devoted 
to  diversified  subjects  on  .r-ray  diagnosis. 
The  Saturday  morning  session  was  devoted 
entirely  to  subjects  involving  .ar-ray  physics. 
The  Saturday  afternoon  session  was  given 
over  to  a  symposium  on  jir-ray  therapy  and  a 
symposium  on  lung  diseases.  The  Saturday 
evening  session,  as  is  customary,  was  de- 
voted to  the  lantern  slide  exhibit.  This  ex- 
hibit has  come  to  be  recognized  as  the  place 
where  most  roentgenologists  bring  their  dif- 
ficult and  unusual  cases. 

The  discussion  at  the  morning  and  after- 
noon sessions  on  Saturday  developed  the 
feeling  that  there  was  need  for  coordinated 
physical    and   pathological    research    in   the 
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therapy  field.  Special  emphasis  was  laid 
upon  the  necessity  for  pathological  research, 
the  feeling  existing  that  physical  research 
was  advancing  beyond  the  pathological.  By 
resolution  the  President  was  authorized  to 
appoint  a  committee  to  make  recommenda- 
tions to  the  parent  society  at  its  annual  meet- 
ing as  to  how  this  coordinated  research 
could  best  be  done. 

The  commercial  exhibit  was  an  innova- 
tion at  midwinter  meetings.  There  was  a 
large  number  of  exhibitors  and  a  great  deal 
of  interest  centered  in  the  new  apparatus 
exhibited. 


At  the  election  of  officers,  held  on  Satur- 
dav  evening,  Dr.  J.  M.  Steiner  of  New  York 
was  elected  president  for  the  ensuing  year 
and  Dr.  C.  A.  Waters  of  Baltimore,  was 
elected  secretary.        J.  M.  Steiner,  Sec. 

A  CORRECTION 

In  the  January  number  of  the  present 
volume,  page  24,  there  is  an  article  entitled, 
"Dislocation  of  the  Carpal  Scaphoid."  The 
word  "scaphoid"  is  used  throughout  the  ar- 
ticle and  in  the  legend.  "Scaphoid"  is  an 
error,  as  the  condition  is  evidently  a  dislo- 
cation of  the  semilunar  bone. 


BOOK  REVIEWS 


A.  Dauvillier,  Rcchcrclics  Spectro- 
inctriqiie,  sur  Ics  Rayons  X.  (Thesis 
presented   to   the   University   of    Paris.) 

This  thesis  describes  the  author's  experi- 
ments on  the  variation  in  .t"-ray  spectra  when 
various  tubes  and  methods  of  excitation  are 
employed.  It  is  indeed  fortunate  that  this 
admirable  piece  of  research  has  appeared  at 
this  time,  when  such  extravagant  claims  are 
made  for  certain  types  of  apparatus.  It  is 
clear  that  we  can  never  have  a  rational 
basis  for  .t'-ray  therapy  until  we  know  the 
true  distribution  of  the  radiation  from  the 
tubes.  Without  definite  knowledge  of  this 
kind  we  are  quite  unable  to  decide  between 
various  operating  devices  or  to  coordinate 
our  work. 

Omitting,  in  a  brief  review,  the  technical 
details  of  the  experiments,  the  points  con- 
sidered and  the  conclusions  are  briefly  as 
follows : 

1.  What  variations  in  spectral  emission  of 
.ST- rays  are  to  be  expected  with  difi^erent  tubes 
when  operated  on  various  available  wave 
forms  ? 

2.  To  what  degree  is  the  output  of  short 
wave  lengths  influenced  by  the  type  of  tube 
and  mode  of  operation  ? 

3.  Are  the  limiting  wave  lengths  observed 


for  different  voltages  in  accord  with  the  pre- 
dictions of  theory? 

4.  What  are  the  practical  indications  for 
therapy  ? 

As  regards  No.  3  above,  the  author  finds 
agreement  with  the  theory  and  determines 
the  displacement  of  the  wave  length  of  max- 
imum ionizing  power  toward  the  short  wave 
length  portion  of  the  spectrum.  He  points 
out  that  the  claims  of  superpenetration  and 
unusual  homogeneity  claimed  for  the  Lilien- 
feld  tube  are  entirely  unwarranted  from  the 
data  at  hand,  disposing  very  effectively  of 
the  claim  that  spectral  distribution  varies 
with  cathode  ray  concentration. 

The  practical  indications  are  in  entire 
accord  with  the  views  often  expressed  by 
those  familiar  wnth  fundamental  physics  and 
who  are  not  misled  by  experimentation  in- 
tended to  support  some  preconceived  notion 
or  widely  advocated  method  of  measure- 
ment. The  author's  statement  is  as  follows: 

"The  results  mentioned  permit  standard- 
ization of  A--rays,  thanks  to  the  Coolidge 
tube.  We  propose  to  replace  the  present  pro- 
cedures in  dosage,  empirical  and  naturally 
lacking  in  precision,  by  some  simple  direct 
measurements  of  tension,  intensity  of  tube 
current,  distance  and  the  duration  of  expo- 
sure. The  fundamentals  standardized  will  be: 
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"i.  The  type  of  tube:  Tubes  of  pure  elec- 
tron emission. 

"2.  The  target  material :  Tungsten. 

"3.  The  wave  form  of  the  electromotive 
force:  Sinusoidal  or  preferably  constant. 
The  independent  variables  will  be : 

"4.  The  maximum  tension  (measured  by 
a  voltmeter). 

"5.   The  mean  intensity  of  current. 

"6.  The  nature  and  thickness  of  the  filter 
used. 

"7.   The  distance  from  focus  to  skin. 

"8.  The  duration  of  exposure. 

These  conditions  completely  characterize 
the  radiation  and  permit  its  exact  reproduc- 
tion independent  of  all  spectroscopic  meas- 
urements." 


The  author  promises  further  investigation 
to  determine  for  all  workable  conditions  the 
actual  spectrum  distribution. 

With  such  information  as  to  the  delivery 
of  radiation  from  the  tube  and  the  recent 
exact  study  of  absorption  coefficients  by 
Richtmyer  and  Grant  we  shall  be  able  to 
eliminate  the  vagaries  and  uncertainties  that 
now  beset  .I'-ray  therapy. 

The  work  of  this  author  and  those  who 
supported  and  encouraged  it  is  not  only  ex- 
tremely valuable,  but  is  a  splendid  example 
of  the  true  spirit  of  research.  It  was  carried 
on  as  an  extra  load  during  the  turmoil  and 
strain  of  the  war  when  so  few  were  even 
thinking  of  these  unsolved  problems. 

J.  S.  Shearer. 


Subscribers  to  The  American  Journal  of  Roentgenology  visiting  7s[ety  Tor\  City,  are  in- 
vited to  make  the  office  of  The  Journal  (69  East  '^gth  Street,  T^ew  Tor}()  their  headquarters.  Mail, 
pac\ages  or  baggage  may  be  addressed  in  our  care.  Hotel  reservations  will  gladly  be  made  for  those 
advising  us  in  advance;  in  this  case,  \indly  notify  us  in  detail  as  to  requirements  and  prices.  List  of 
operations  in  T^ew  Tor\  hospitals  on  file  in  our  office  daily. 
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Roberts,  Percy  Willard,  New  York  City. 
Syphilitic  and  Tuberculous  Joints.  (Am.  J. 
Syphilis,  April,  1920,  iv,  No.  2,  302.) 

During  the  past  four  years  he  has  observed 
over  two  hundred  bone  and  joint  cases  which 
were  undoubtedly  of  luetic  origin  and  which 
possessed  the  symptoms  usually  ascribed  to 
tuberculosis.  It  is  interesting  to  note  that 
fifty-one  of  these  cases  were  diagnosed  as  tu- 
berculosis by  twenty-six  experienced  surgeons 
and  treated  on  that  basis  for  periods  varying 
from  a  few  months  to  fifteen  years.  In  some  of 
them  there  was  a  positive  Wassermann  of  from 
one  to  four  plus,  and  in  all  of  them  there  was 
subsidence  of  active  symptoms  a  few  weeks 
after  the  exhibition  of  mercury  and  potassium 
iodide.  The  Treponema  pallidum  may  produce 
tubercles  identical  in  structure  with  those  in 
which  the  tubercle  bacillus  is  found.  In  both 
lues  and  tuberculosis  an  affected  joint  will  pre- 
sent s_\mptoms  of  irritation  and  there  will  be 
muscular  spasm.  In  both  diseases  there  ma}'  be 
enlargement  of  the  joint  with  efi^usion  and  the 
formation  of  pus,  sterile  on  ordinary  culture 
media.  There  may  be  sensitiveness,  limp  when 
a  weight-bearing  joint  is  involved  and  altera- 
tion of  attitude  if  the  disease  is  ^•ertebral. 
A'-rays  may  show  a  bone  lesion  in  either  dis- 
ease, but  contrary  to  accepted  theories  there 
are  usually  no  definite  characteristics  upon 
which  to  base  a  diagnosis.  'Tn  a  series  of  fiftv 
of  the  cases  the  Wassermann  reaction  was  so 
frequently  negative  in  the  face  of  other  evi- 
dence of  spyhilis  and  satisfactory  therapeutic 
results  that  it  may  be  said  that  in  the  late  mani- 
festations of  inherited  lues  it  is  onlv  occasion- 
ally of  value.  The  duration  of  the  disease  bore 
no  relationship  to  the  possibility  of  treatment. 
Two  knee  cases,  one  of  six  and  the  other  of 
ten  A'ears'  duration,  recovered  practically  nor- 
mal function,  with  regeneration  of  the  necro- 
tic bone  area.  A  spine  case  of  fifteen  years' 
duration  gained  sixteen  pounds  in  ten  weeks. 
Three  out  of  seven  profuselv  discharging  sin- 
uses in  this  case  closed  completely  and  the  se- 
cretion from  the  others  became  thin,  watery, 
and  of  small  volume.  When  the  patient  passed 
from  observation,  he  was  able  to  take  long 
walks  and  was  leading  a  normal  life.  A  hip 


case  of  twenty-five  years'  standing  in  which 
almost  constant  pain  had  been  a  predominant 
symptom,  became  entirely  comfortable  in  about 
ten  days.  His  Wassermann  was  positive.  All 
of  these  cases  had  been  under  continuous  treat- 
ment for  tuberculosis  from  the  onset  of  their 
SNinptoms." 

ROHDENBURG,    G.    L.,   AND    PrIME,    FREDERICK. 

The  Effect  of  Combined  Radiation  and  Heat 
on  Neoplasms.  {Archives  of  Surgery,  Janu- 
ary, 1921,  II,  No.  I,  128.) 

Low  degree  of  heat  applied  for  varying  pe- 
riods of  time  have  a  lethal  action  on  neoplastic 
cells  in  vitro,  and  this  lethal  action  with  proper 
dosage  is  effective  in  100  per  cent  of  cases. 
Histologic  examination  of  tumors  w^hich  have 
been  treated  by  diathermy  reveals  cellular 
changes  similar  to  those  observed  in  tumors 
exposed  to  radiation. 

Wood  and  Prime  have  shown  that  any  tumor 
may  be  killed  by  a  sufficient  dosage  of  either 
radium  or  roentgen  ray;  but  that  in  maiy  in- 
stances the  patient  will  not  survive  the  dosage 
necessary  to  bring  about  the  death  of  all  the 
cells  of  an  internal,  highly  malignant  carcinoma 
or  sarcoma.  Our  experiments  demonstrate 
that  b}-  combining  radiation  with  an  agent  not 
so  destructive  to  the  organism  the  field  of  use- 
fulness of  radiotherapeutic  measures  may  be 
extended. 

While  the  principles  worked  out  in  the  ani- 
mal experiments  here  recorded  are  already  be- 
ing applied  in  the  treatment  of  cases  of  neo- 
plasia in  human  beings,  the  technical  develop- 
ment of  the  method  and  the  evaluation  of  the 
final  results  will  require  long  and  careful  ob- 
servation of  the  patients  before  its  applicability 
can  be  demonstrated. 

Chase,  Sumxer  B.  The  Roentgen  Ray  in  the 
Diagnosis  of  Sinus  Disease.  {J.  Iowa  State 
Med.  Soc.,  December  15,  1920,  x.  No.  12, 
404.) 

Two  positions  are  common!}'  used,  the  pos- 
tero-anterior  and  the  lateral,  the  latter  of  which 
is  sometimes  stereoscoped.  The  Caldwell  posi- 
tion is  commonlv  used  for  the  frontals.  One  of 
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the  earliest  signs  of  malignancy  in  the  antrum 
is  an  even  clouding  in  the  plate  with  a  slight 
break  in  the  outline  of  the  wall.  The  plate 
should  be  carefull}'  examined  for  signs  of  teeth 
such  as  are  found  in  dentigerous  cysts,  and  if 
present  the  alveolar  process  should  be  exam- 
ined for  the  loss  of  one  or  more  teeth.  These 
cysts  cause  bone  absorption  and  not  bone  de- 
struction. Osteomata  present  a  characteristic 
appearance  of  a  solid  growth,  while  odonto- 
mata  show  well  defined  walls  enclosing  one  or 
more  teeth.  A  giant  cell  sarcoma  presents  the 
usual  trabeculated  appearance.  A  malignant 
growth  is  differentiated  in  the  plate  from  the 
clouding  of  an  empyema  or  a  thickened  mucosa 
by  the  fact  that  the  bone  itself  is  attacked.  The 
vertical  position  for  the  sphenoid  examination 
he  regards  as  important,  as  by  it  can  be  deter- 
mined the  presence  or  absence  of  a  large  pos- 
terior ethmoidal  cell  or  a  perisphenoidal  cell 
which  sometimes  lies  adjacent  to  the  sphenoid 
and  may  simulate  disease  in  this  sinus.  For  in- 
stance, the  lateral  plate  will  show  a  cloudy  ap- 
pearance of  the  sphenoid  while  the  vertical 
plate  will  prove  this  to  be  a  large  opaque  eth- 
moid lying  adjacent  to  the  sphenoid  with  the 
latter  clear.  It  also  helps  to  determine  on  which 
side  to  operate  for  pituitary  tumor  by  the  nasal 
route  because  these  sinuses  are  not  sym- 
metrical. 

A  differential  diagnosis  between  polvps  and 
mucocele  can  not  be  made  definitely  although 
the  polyp  is  more  liable  to  have  associated  in- 
flammation of  the  mucous  lining  of  the  antrum 
which  would  produce  a  certain  amount  of 
clouding  of  the  remaining  portion. 

He  quotes  experiments  which  Caldwell  made 
showing  that  the  shadow  cast  by  various  fluids, 
such  as  water  and  pus,  was  practically  the 
same  and  that  mucous  membrane  soaked  in 
water  casts  a  much  denser  shadow  than  dried 
mucous  membrane. 

The  roentgen  ray  is  a  valuable  aid  in  the 
diagnosis  of  accessory  nasal  sinus  conditions 
Anatomical  details  of  practical  surgical  and 
therapeutic  im.portance  are  shown. 

The  history,  symptoms  and  clinical  findings 
should  be  taken  into  consideration  in  inter^ 
preting  the  plate. 

With  properly  taken  plates,  and  ruling  out 
previous  operative  interference,  blurring  of  the 
margin,  or  entire  extent,  of  the  larger  sinuses 
is  interpreted  as  a  pathological  condition  in  the 
sinuses. 


The  obliterations  of  the  septa  in  the  small 
sinuses  as  the  ethmoids,  with  correctly  taken 
plates  and  no  previous  operative  interference, 
indicates  pathology  present. 

The  roentgenogram  of  the  sphenoidal  sinus 
as  to  the  condition  of  the  lining  of  the  sinuses 
is  still  unsatisfactory. 

In  certain  conditions  the  diagnosis  of  the 
pathology  present  may  be  made  by  the  jir-ray 
alone. 

Pathology  is  very  rarely  found  in  sinuses 
that  appear  absolutely  normal  in  the  roentgeno- 
gram, although  it  is  possible  in  early  acute 
cases  to  have  pus  present  with  practically  no 
shadow  shown  in  the  plate ;  and  all  clinical 
means  of  examination  should  be  used. 

Steindler,  Arthur.  Congenital  Malforma- 
tions and  Deformities  of  the  Hand.  (/.  Or- 
thopedic Surg.,  November,  1920,  ii.  No.  12, 
639- ) 

This  very  interesting  paper  is  enhanced  by 
the  following  classifications : 

A.  Deformities  by  developmental  suppres- 
sion, agenesis : 

1.  Congenital    Defect    of    the    Forearm 
Bones. 

2.  Lobster  Claw  Hand. 

3.  Ectro-dactyly  (A-phalangism), 

4.  Hemimelia. 

B.  By  Developmental  Arrest. 

1.  Syndactyly. 

2.  Sym-phalangism. 

C.  By  Developmental  Aberrations. 

1.  Polydactyly  (some  cases). 

2.  Hyper-phalangism. 

D.  Dysplastic  Conditions. 

1.  Chondro-dystrophy. 

2.  Brachy-dactyly  (some  cases). 

3.  Fusion  of  carpal  bones. 

E.  Polyglandular  Dystrophy. 

1.  Polydactyly  (some  cases). 

2.  Macro-dactyly. 

3.  Arachno-dactyly  (partial  gigantism). 

F.  Contractures  (Neurogenetic  or  amniotic). 

1.  Contracted  Club  Hand. 

2.  Contracted  Fingers. 

3.  Amniotic  contractures   (non  symmet- 
rical). 

The  author  confines  himself  closely  to  the 
discussions  of  his  classifications  in  the  twenty- 
five  case  reports  which  are  summarized  in  the 
following : 
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1.  Of  the  25  cases  reported,  hereditary  ten- 
dencies were  in  evidence  in  5  cases,  deformi- 
ties of  the  hand  being  found  iji  other  members 
of  the  family  in  3  cases,  other  deformities  or 
anomalies  in  2  instances.  Identical  deformities 
in  family  twice,  one  case  of  syndactyly  and  one 
case  of  congenital  club  hand. 

2.  Complicating  deformities  of  the  extrem- 
ities were  found  in  15  cases,  among  which 
complicating  deformities  of  the  hand  4, 
namely :  Symphalangism  in  one  case  of  syndac- 
tyly; Syndactyly  in  one  case  of  congenital  ul- 
ner  club  hand;  Syndact)ly  in  one  case  of  con- 
tracted club  hand,  and  syndactyly  in  one  case 
of  lobster  claw  hand. 

3.  Complicating  deformities  of  the  spine  and 
thorax  were  found  in  3  cases. 

Rhachitic  deformities  of  spine  and  thorax 
in  one  case  of  syndactyly. 

Congenital  scoliosis  with  wedge  shaped  ver- 
tebrae in  one  case  of  contracted  club  hand. 

Elevation  of  scapula,  wedge  formation  of 
vertebrae  and  fusion  of  ribs  in  one  case  of 
congenital  contractures  of  the  fingers. 

4.  Complicating  signs  of  degeneration  and 
general  developmental  aberrations  were  found 
in  5  cases. 

Acrocephaly  in  one  case  of  syndactyly. 

Malformation  of  genitals,  high  palate  in  2 
cases  of  contracted  club  hands. 

Cleft  palate  in  one  case  of  aphalangism. 

Three  cases  of  this  group  showed  deformi- 
ties and  contractures  in  all  extremities. 

5.  Birth  complications  were  found  in  4  cases. 
Instrumental   delivery   in   3   cases    (i    syn- 
dactyly, 2  congenital  club  hands). 

Twin  birth  and  cord  constriction  in  one 
case  (contracted  club  liands  and  general 
contracture). 

6.  Primary  developmental  errors  were  as- 
sumed to  be  the  causative  agent  in  the  majority 
of  cases,  in  one  case  only  amniotic  constrictions 
could  be  held  responsible;  pol}glandular  (en- 
docrine) dysfunction  was  suggested  in  3  cases 
by  malformation  of  the  bones  of  the  head  and 
genital  hypoplasia. 

Ormerod,  F.  C.  On  the  Treatment  of  Oriental 
Sore  bv  X-Ravs.  {Lancet,  October  30,  1920, 
p.  893-) 

During  1918-19  the  author  treated  a  large 
number  of  oriental   sores  by  applying  jr-rays 


and  observed  satisfactory  progress  in  most  and 
cure  in  a  large  percentage  of  cases. 

The  advantages  of  the  .r-ray  therapy  may  be 
enumerated  as  follows  :  i.  The  rays  act  directly 
on  the  causative  organism.  2.  They  are  able  to 
penetrate  unbroken  skin  or  masses  of  diseased 
tissue,  thereby  being  efficient  in  ulcerated  and 
non-ulcerated  sores  alike.  3.  Cases  can  be 
ti-eated  as  out-patients  and  can  very  often  con- 
tinue their  occupation.  4.  There  is  no  risk  of 
constitutional  disturbance,  the  danger  of  der- 
matitis or  necrosis  being  absent  with  the  doses 
utilized.  5.  The  treatment  is  short,  painless  and 
easy  to  administer.  6.  Doses  in  awkward  posi- 
tions, such  as  the  inner  canthus  of  the  eye,  lips 
and  alae  nasi  can  be  very  readily  dealt  with. 

7.  The  scars  left  after  healing  are  supple 
and  of  such  color  after  about  six  months  as  to 
be  barely  noticeable. 

In  conclusion,  the  author  suggests  that  .r-ray 
therap}-  may  be  of  value  in  the  treatment  of 
the  allied  forms  of  leishmaniasis — espundia 
and  kala-azar — as  .ar-rays  have  an  undoubted 
effect  on  the  Leishman-Donovan  body. 

Haret  and  Truchot.  Radiotherapy  of  Sci- 
atica. New  Technique.  {La  radiotherapie  de 
la  sciatique.  Essai  de  technique  nouvelle. 
Bulletins  et  Memoires  de  la  Societe  de  Ra- 
diologie  medicale  de  France,  October.  1920, 
No.  y2,  p.  122.) 

These  authors  briefly  review  the  work  of 
previous  radiotherapists  and  describe  the  fol- 
lowing as  the  technique  they  have  used  with  the 
best  results  in  eighteen  cases.  In  six  cases  of 
sciatic  neuralgia  (pain  symptoms  only,  with- 
out atrophy  or  change  of  sensibility  and  with 
normal  reflexes)  they  got  six  cures  with  two 
and  three  series  of  five  sittings  each.  In  twelve 
cases  of  sciatic  neuritis  (continuous  pain,  mus- 
cular atrophy,  trophic  trouble,  troubles  of  sen- 
sibility, abolition  or  diminution  of  the  tendo 
achilles  reflex)  they  got  seven  cures  with  three 
and  four  series  of  five  sittings  each  ;  three 
cases  much  improved,  with  the  same  amount  of 
treatment,  and  two  cases  only  slightly  im- 
proved, frankly  considered  as  failures. 

The  authors  refer  to  the  differences  of  opin- 
ion of  the  massive  dose  and  divided  dose  en- 
thusiasts. They  recommend  the  use  of  the  Cool- 
idge  tube,  four  milliamperes  of  current,  with 
twenty-five  centimeter   (ten  inch)   spark-gap; 
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anticathode-skin  distance  twenty-two  centi- 
meters (9  inches).  The  treatment  was  admin- 
istered over  the  foramina  of  the  fourth  and 
fifth  lumbar  vertebrae  and  the  first,  second, 
third  and  fourth  sacral  vertebrae  of  the  af- 
fected side.  In  one  class  of  patients,  they  gave 
doses  of  three  H.  units  measured  under  three 
milHmeters  of  aluminum  filter  at  eight  day 
intervals.  A  second  group  of  patients  received 
I  H.  unit  measured  under  three  millimeters  of 
aluminum  every  other  day  with  an  interval 
of  one  week's  rest  after  five  or  six  sittings.  To 
a  third  group  during  five  consecutive  days  the}- 
administered  a  daily  dose  of  i  H.  unit  meas- 
ured under  four  or  five  millimeters  of  alu- 
minum filter;  then  five  days  of  rest.  A  new 
series  of  five  sittings  was  then  given  with  a 
daily  dose  of  i  H.  unit  followed  again  by  five 
days  of  rest  and  so  on.  The  authors  have 
finally  settled  on  this  last  technique  as  giving 
them  the  greatest  degree  of  success.  The  dif- 
ferent cases  varied  in  their  response  to  treat- 
ment, but  generally  one  sees  a  definite  improve- 
ment by  the  end  of  the  second  or  third  sitting. 
In  a  few  fortunate  cases,  they  have  obtained 
cure  with  two  series  of  five  sittings  each ;  they 
have  never  exceeded  four  series  on  anybody. 

James  T.  Case. 

Duncan,  Rex.  Epithelioma  of  the  Lip,  with 
Observations  and  Results  in  the  Treatment 
of  Eighty  Consecutive  Cases  with  Radium. 
(Urol,  and  Cutan.  Rev.,  xxiv,  No.  10,  586, 
October,  1920.) 

From  a  study  of  eighty  consecutive  cases, 
the  author  reaches  the  following  conclusions : 
Epithelioma  of  the  lip  may  occur  at  any  age, 
near  or  after  the  third  decade  and  in  the  ab- 
sence of  any  definite  etiological  factor.  Any 
wart-like,  ulcerated  or  indurated  lesion  of  the 
lip  which  persists  more  than  two  months  under 
ordinary  treatment,  must  be  considered  sus- 
picious of  malignancy.  In  questionable  cases  a 
section  for  diagnosis  followed  by  immediate 
treatment  is  advisable.  In  the  majority  of 
cases,  the  macroscopic  appearance  is  typical 
and  a  diagnosis  can  be  made  by  a  competent 
observer.  Epithelioma  of  the  lip  is  always  a 
serious  condition  and  should  receive  prompt 
treatment. 

Radium  therapy  yields  a  higher  percentage 
of  cures  than  any  other  method  of  treatment. 


There  results  less  inconvenience,  loss  of  func- 
tion and  disfigurement  than  from  surgery  or 
other  treatment.  Palpable  lymphatic  glands 
should  be  immediately  treated  with  radium.  If 
unimproved  after  four  weeks,  they  should  be 
resected  and  radium  buried  within  the  wound. 
A  uniform  application  over  the  lesion,  and  in 
certain  cases  the  burying  of  the  proper  dosage 
within  the  tumor,  are  essential.  This  is  obtain- 
able only  by  the  use  of  radium  emanation. 

Taft,  a.  Robert.  The  Comparative  Value  of 
Radium  and  A'-Rays  in  the  Treatment  of 
Keloid,  Nevi,  Angioma,  Leukoplakia  and 
Other  Lesions  of  the  Skin  and  Mucous 
Membrane.  (  Urol.  &  Cutan.  Rev.,  Vol.  xxiv, 
No.  10,  p.  590,  October,  1920.) 

The.  author's  results  with  keloid  have  con- 
vinced him  that  while  the  .ar-ray  is  a  splendid 
remedy  and  the  only  one  until  the  introduction 
of  radium,  yet  the  radium  is  even  better. 

In  leukoplakia  the  hardest  rays  possible  are 
advocated  by  everyone,  and  this  in  conjunction 
with  the  ease  of  application  makes  radium  the 
ideal  remedy. 

In  acne  vulgaris  the  large  area  to  be  covered 
makes  ;ir-ray  the  choice,  but  in  acne  rosacea 
the  author  believes  that  radium  is  more 
efficient. 

In  lupus  vulgaris,  lupus  erythematosus,  ring 
worm,  sycosis,  etc.,  he  has  used  the  .r-rays  with 
such  satisfactory  results  that  he  has  hesitated 
to  make  a  change. 

It  has  been  noted  that  in  some  skin  diseases 
covering  large  areas,  psoriasis  for  example, 
limited  treatment  with  ji'-ray  and  clearing  up  a 
few  lesions  will  result  in  a  marked  improve- 
ment of  all  other  lesions.  This  is  said  to  be 
due  to  some  general  effect.  The  author  has 
treated  in  this  manner  lichen  planus,  various 
types  of  eczema,  etc.,  and  has  seen  many  of 
these  clear  up  generally  as  a  result  of  a  few 
local  treatments.  He  believes  the  results  to  be 
due  to  absorption  of  killed  diseased  cells  with 
formation  of  vaccines.  It  is  so  much  easier  to 
produce  a  local  reaction  in  definite  small  areas 
that  radium  is  better  for  this  purpose  than 
.^•-rays.  Three  cases  of  chronic  genital  sores 
were  treated  successfully  within  the  last  year 
by  radium. 

Angiomata,  especially  of  the  lips,  responds 
well  to  radium,  which  is  certainly  the  remedy 
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of  choice  although  in  larger  growths  fulgura- 
tion  followed  by  radiation  is  quicker  and 
easier. 

Nevi  are  better  treated  by  radium  than  by 
any  other  method.  Although  warts  respond 
well  to  radium,  a  less  tedious  and  less  expen- 
sive treatment  is  to  be  advocated  in  all  but 
selected  cases. 

WiLKiNS,  W.  A.  The  Diagnostic  Value  of  the 
X-Ray  Examination  in  Pulmonary  Tubercu- 
losis (Canadian  Med.  Assn  J.,  Vol.  x,  No. 
II,  p.  99,  November,  1920.) 

Since  the  earliest  days  of  roentgenology  the 
aid  of  the  .ar-ray  examination  has  been  invoked 
for  diagnostic  assistance  in  cases  of  suspected 
pulmonary  tuberculosis  and  to-day  its  emplo}- 
ment  is  a  very  important  part  of  the  routine 
examination  of  the  chest.  Nevertheless,  there 
is  considerable  confusion  concerning  the  inter- 
pretation of  the  shadows  seen  on  the  plate. 
The  .r-ray  appearances  of  pulmonary  tubercu- 
losis vary  with  the  stage  of  the  disease.  The 
shadow  cast  by  the  pathological  tissues  may  be 
of  any  degree  of  density,  including  the  faint 
filmy  shadow  of  the  very  early  case,  the  mot- 
tling of  the  more  advanced  disease  and  the 
dense  shadow  of  the  healed  lesion.  At  times, 
the  first  indications  of  disease  will  be  detected 
by  the  physical  examination;  at  other  times 
the  .r-ray  alone  will  show  the  early  changes 
and  the  ;i;-ray  affords  the  most  accurate  infor- 
mation that  can  be  obtained  apart  from  the 
autopsy,  at  least  for  the  extent  of  the  disease. 
Usually  when  physical  signs  are  present,  the 
.ar-ray  will  demonstrate  the  area  of  involve- 
ment to  be  more  extensive  than  was  indicated 
by  the  physical  examination.  No  method  or 
combination  of  methods  at  present  employed 
will  detect  invariably  the  earliest  signs  of  dis- 
ease in  every  case  nor  decide  positively  at  all 
times  the  activity  of  a  lesion.  The  ;r-ray  will 
demonstrate  the  site  and  the  extent  of  the  tis- 
sue changes,  and  although  usually  it  is  pos- 
sible to  infer  from  the  .ar-ray  plate  alone 
whether  the  lesion  is  active  or  not,  this  de- 
cision should  be  left  to  the  clinician  to  make. 
To  discover  on  the  ;tr-ray  plate  indications  of 
pathological  changes  in  the  tissues,  usually  re- 
quires the  support  of  cHnical  evidence  of  dis- 
ease, before  concluding  that  the  changes  can 
be  due  onlv  to  tuberculosis.  Otherwise  the  dis- 


covery may  consist  of  nothing  more  than  the 
recognition  of  a  condition  which  has  long  since 
ceased  to  be  a  matter  of  medical  interest.  The 
clinical  support  need  not  be  confined  to  the 
presence  of  physical  signs  within  the  chest,  but 
may  be  manifested  by  the  presence  of  general 
symptoms  of  ill  health.  Definite  indications  of 
pathological  changes  in  the  lungs  so  often  are 
seen  on  the  :r-ray  plate,  not  only  in  individuals 
who  apparently  are  in  perfect  health,  but  also 
in  those  who  give  no  history  of  having  suffered 
from  a  serious  illness  at  any  time,  that  one  is 
forced  to  the  conclusion  that  tuberculosis  of 
the  lungs  is  frequently  a  mild  disease,  often 
running  its  course  from  onset  to  recovery 
unrecognized. 

Davis,  J.  S.  The  Radical  Treatment  of  Z-Ray 
Burns.  {Ann.  Surg.,  Vol.  Ixxii,  No.  2,  p.  224, 
August,  1920.) 

X-Ray  burns  are  usually  caused  by  the  use 
of  A'-rays  in  the  treatment  of  skin  lesions,  such 
as  psoriasis,  eczema,  superficial  epithelioma ; 
by  frequent  exposures  extending  over  a  long 
period  of  time  in  the  treatment  of  inoperable 
or  incompletely  removed  carcinoma ;  by  the 
reckless  use  of  the  apparatus  in  the  hands  of 
unskilled  operators  and  by  long  fluoroscopic 
exposures. 

The  author  has  had  under  his  care  burns 
situated  in  almost  every  region  of  the  body. 
Some  of  them  have  been  of  the  first  degree, 
where  the  skin  is  reddened ;  a  few  of  the  sec- 
ond degree,  where  blisters  formed ;  the  vast 
majority  have  been  of  the  third  degree,  where 
the  full  thickness  of  the  skin  and  often  the 
underlying  tissues  were  involved. 

Recent  ;ir-ray  burns  of  all  degrees  should  be 
treated  as  ordinary  burns  but  unless  there  is  a 
fairly  prompt  response  to  such  treatment  it  is 
a  mistake  to  continue  it. 

Palliative  measures  should  be  used  in  burns 
of  the  first  degree.  Paraffin  films  are  often 
comforting ;  painting  with  collodion,  or  the  ap- 
plication of  sterolin  (Formula:  Balsam  of 
Peru,  4  c.c. ;  castor  oil  and  Venetian  turpen- 
tine, of  each,  2  c.c. ;  alcohol,  95  per  cent,  100 
c.c),  or  some  bland  ointment,  are  useful. 

In  burns  of  the  second  degree,  it  is  often  dif- 
ficult to  tell  at  first  the  depth  of  such  a  burn, 
as  one  which  seems  to  be  merely  blistered  will 
turn  out  to  be  much  deeper  in  places  after  the 
blisters   have   been    removed.    Wet    dressings 
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have  been  found  more  comfortable  in  these 
cases  than  paraffin  or  ointments. 

In  burns  of  the  third  degree  which  do  not 
heal  promptly  and  permanently  by  the  usual 
methods  more  radical  methods  must  be 
adopted.  The  ulcer  and  surrounding  area  of 
induration  should  be  excised  with  a  wide  mar- 
gin out  to  and  down  to  healthy  tissue.  After 
excision  the  defect  should  be  grafted  imme- 
diately if  the  base  of  the  wound  is  of  normal 
tissue,  but  if  doubtful  tissue  is  left,  grafting 
should  be  deferred  until  granulations  form. 
The  type  of  graft  used  should  depend  upon 
the  situation.  The  author  uses  "small  deep 
grafts"  in  the  majority  of  instances,  but  has 
used  with  satisfaction  Ollier-Thiersch,  or 
whole-thickness  grafts  in  selected  positions. 

Pedunculated  flaps  from  neighboring  tissues, 
or  from  a  distant  part,  have  been  of  great  use 
in  situations  where  a  pad  of  fat,  in  addition  to 
whole-thickness,  was  necessary. 

The  best  method  of  relieving  the  pain,  aside 
from  the  excision  of  the  affected  area,  is  to 
divide  the  nerves  supplying  the  area. 

X-Ray  or  radium  used  in  the  treatment  of 
.r-ray  burns  has  not  been  followed  by  any 
benefit.  Patches  of  keratosis  on  the  .r-ray  oper- 
ator's hand,  following  frequent  exposures 
without  protection,  may  be  successfully  treated 
by  freezing  with  carbon  dioxide  ice.  Should 
the  patches  ulcerate,  complete  excision  with 
immediate  or  subsequent  grafting  is  the 
method  of  choice. 

In  instances  in  which  tendons  have  been  de- 
stroyed it  is  advisable  to  fill  the  defect  with  a 
pedunculated  flap  of  skin  and  fat,  and  later  to 
restore  the  tendon  by  the  method  best  suited  to 
the  particular  case. 

Where  large  areas  are  involved  we  seldom 
excise  sufficient  tissue  and  infection  sometimes 
occurs  in  the  margins  of  these  wounds.  There 
may  be  sloughing  of  the  entire  margin  of  the 
wound,  although  the  excision  has  been  appar- 
ently complete.  For  this  reason  it  is  wise  to 
defer  grafting,  or  the  transference  of  a  flap. 

In  fulminating  infections  occurring  in  areas 
of  the  skin  which  have  been  burned  by  .r-rays, 
prompt  excision  with  a  generous  margin  is 
indicated.  Amputation  of  the  part  may  be  nec- 
essary to  control  the  rapid  spread  of  the 
infection. 

The  author's  after-results  of  excision  with 
grafting,  or  flap-shifting,  have  been  most  grat- 
ifying. Function  has  been  restored  in  many  in- 


stances and  patients  who  have  been  incapa- 
citated for  years  have  been  returned  to  their 
former  activities. 

Denis,  W.,  and  Martin,  Charles  L.  A  Study 
of  the  Relative  Toxic  Effects  Produced  by 
Regional  Radiation.  {Am.  J.  M.  Assn.,  Vol. 
clx.  No.  4,  p.  555,  October,  1920.) 

Constant  extension  of  the  field  of  roentgen 
ray  therapy  has  brought  into  increasing  prom- 
inence the  condition  of  "treatment  sickness," 
the  constitutional  reaction  which  frequently 
follows  the  use  of  massive  doses  of  the  hard 
roentgen  rays.  The  underlying  cause  of  this 
reaction  is  unknown.  It  has  been  ascribed  to 
various  and  diverse  factors.  A  factor  which 
has  been  considered  but  little  is  one  involv- 
ing the  question  of  the  relative  severity  of 
symptoms  following  radiation  of  different 
parts  of  the  body.  The  authors  have  collected 
the  results  of  experiments  with  rabbits  under- 
taken to  determine  whether  by  the  radiation  of 
certain  portions  of  the  body  roentgen  ray  in- 
toxication is  more  easily  produced  and  in  miore 
severe  form  than  by  radiation  of  certain  other 
portions. 

It  was  found  that  a  definite  dose  of  roentgen 
rays  administered  to  the  body  of  a  rabbit  pro- 
duces a  severe  systemic  reaction  and  death 
only  when  some  portion  of  the  intestinal  tract 
lies  within  the  irradiated  area.  Furthermore,  it 
is  possible  to  produce  a  definite  acidosis  (low- 
ering of  the  alkaline  reserve)  in  rabbits  by 
administering  a  heavy  dose  of  roentgen  rays 
over  the  abdomen.  Such  animals  give  no  evi- 
dence of  suflfering  from  a'  "roentgen  ray  ne- 
phritis." 

The  results  suggest  the  hypothesis  that  aci- 
dosis may  be  a  factor  in  "treatment  sickness" 
following  abdominal  irradiation. 

Gunning,  R.  E.  Lee.  Z-Ray  Manifestations 
of  Diseases  of  the  Chest.  (Illinois  M.  J.,  Vol. 
xxxviii.  No.  3,  p.  196,  September,  1920.) 

The  early  diagnosis  of  pulmonary  tubercu- 
losis presents  one  of  the  most  difficult  clinical 
problems.  The  .sr-ray  is  merely  an  added  form 
of  examination  but  more  exact.  This  form  of 
examination  should  never  be  neglected  any 
more  than  the  stethoscope.  It  must  be  remem- 
bered, however,  that  a  negative  ;r-ray  exam- 
ination does  not  mean  a  normal  lung.  Positive 
evidence  alone  is  of  absolute  value. 
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In  all  forms  of  chronic  or  sub-acute  pulmon- 
ary tuberculosis  with  the  clinical  diagnosis  evi- 
dent, radiology  is  used  simply  to  (i)  confirm 
diagnosis;  (2)  differentiate  pseudo-tuberculo- 
sis; (3)  study  development;  (4)  disclose  com- 
plications; (5)  furnish  therapeutic  indications. 

The  radioscopic  appearance  in  these  cases 
shows  the  widest  variations  as  does  the  path- 
ology. All  manifestations  from  questionable 
shadows  to  absolute  opacity  or  involvement  of 
entire  hemi-thorax  or  both  pulmonary  fields 
are  seen.  The  most  unexpected  forms  and  lo- 
calizations may  be  established.  The  stetho- 
scopic  signs  may  indicate  severe  involvement 
and  the  ;r-ray  negate  this  and  vice  versa. 

Abnormal  shadows  are  seen  most  often  to 
affect  the  apices  and  hilus  in  general.  The 
shadows  are  scattered,  varying  in  density  and 
separated  from  one  another  by  clearer  spaces. 
Tuberculosis  develops  through  foci.  In  con- 
firmed tuberculosis,  abnormal  shadows  are 
found  on  both  sides  but  usually  predominating 
on  the  side  first  affected.  In  advanced  cases  the 
shadows  reach  the  lower  lobes  and  the  apices 
become  spotted  with  clear  zones  due  to 
cavitation. 

SoiLAND,  A.  Cancer  of  the  Lip.  ( Urol.  & 
Cutan.  Rev.,  xxiv,  No.  10,  599,  October, 
1920.) 

Every  lip  case  should  first  of  all  be  given 
ji'-ray  treatment  to  the  entire  neck  and  soft  tis- 
sues of  the  lip  and  jaws,  and  this  should  be 
done  most  thoroughly.  This  procedure  is  now 
followed  in  the  writer's  service,  whether  or 
not  glands  are  palpable.  The  lip  lesion  itself 
is  then  attacked,  the  method  used  depending 
upon  the  location  and  extent  of  the  growth. 
When  the  lesion  is  rather  superficial  and  in- 
volves not  more  than  one-third  of  lip  along 
both  marginal  borders,  radium  alone  is  suffi- 
cient. If  it  is  a  little  more  extensive  and  re- 
flected downward  over  the  skin  surface,  com- 
bined radium  and  .r-ray  give  excellent  results. 
If  the  lesion  is  more  extensive  and  of  cauli- 
flower appearance,  electrical  desiccation  by 
means  of  the  Oudin  bipolar  method  has  given 
splendid  results.  After  the  slough  has  passed, 
careful  radiation  should  follow. 

Straight  surgery  of  the  lip  is  indicated  only 
where  extensive  resection  is  contemplated,  and 
should  in  all  cases  be  supplemented  by  radia- 
tion. 


Weinberg,  Joseph  A.  The  Influence  of  the 
Exposure  of  the  Roentgen  Ray  on  the  Pro- 
gress of  Tuberculosis.  {Arch.  Int.  Med., 
Vol.  25,  p.  565,  May,  1920.) 

It  is  generally  agreed  that  the  best  method 
for  diagnosing  tuberculosis  of  the  genito-urin- 
ary  tract  is  by  the  inoculation  of  the  urine  of 
suspected  cases  into  the  peritoneal  cavity  of  a 
guinea-pig.  However,  this  test  loses  much  of 
its  practical  value  because  of  the  time  which 
must  elapse  before  lesions  are  apparent  in  the 
animal  after  inoculation.  This  work  was  un- 
dertaken with  two  purposes  in  view:  First,  to 
shorten  the  time  of  development  of  tubercu- 
losis;  Second,  to  determine  the  role  of  lym- 
phocytes as  a  factor  in  the  protection  of 
guinea-pigs  against  tuberculous  infection. 

The  author  was  unable  to  hasten  the  prog- 
ress of  the  tuberculosis  appreciably  by  expos- 
ure of  the  guinea-pig  to  massive  doses  of  the 
roentgen  ray. 

The  leukocytes  of  the  blood  stream  are 
markedly  reduced  in  number  by  exposure  to 
the  roentgen  ray.  The  reduction  is  proportion- 
ate to  the  length  of  exposure  with  a  given  cur- 
rent and  voltage.  The  lymphocytes  are  most 
markedly  affected. 

The  cells  of  the  tubercle  are  probably  de- 
rived both  from  the  local  tissue  and  the  blood. 
The  presence  of  the  usual  number  of  epithe- 
lioid and  large  mononuclear  cells  in  the  tuber- 
culous lesions  of  roentgenized  guinea-pigs, 
where  there  is  a  marked  diminution  of  lym- 
phocytes, indicates  that  these  cells  are  not  of 
lymphocytic  origin.  The  presence  of  an  excess 
of  lymphocytes  in  and  around  the  blood  ves- 
sels near  the  tubercles  in  non-roentgenized 
animals  indicates  that  cells  are  carried  to  the 
lesions  by  the  blood  stream. 

Sittenfield,  M.  J.  New  Roentgenotherapy  in 
Cancer  (/.  Am.  M.  Assn.,  January  8,  1921.) 

The  writer  reports  methods  of  jir-ray  therapy 
used  in  three  German  clinics  visited  by  him  last 
summer.  He  states  that  they  are  using  voltages 
of  200,000  to  220,000,  tubes  having  been  de- 
veloped to  permit  this.  With  this  high  voltage, 
short  waves  are  produced  in  sufficient  quantity 
to  permit  using  heavy  filters  and  still  have 
enough  of  an  almost  monochromatic  radiation 
left  to  be  of  practical  value,  and  its  physical 
characteristics  have  been  determined  suffici- 
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ently  well  to  know  the  amount  of  radiation  in 
tissues  at  various  depths.  He  stated  that  in 
passing  through  lo  cm.  of  soft  tissue,  only  70 
per  cent  of  the  total  radiation  reaching  the  skin 
has  been  absorbed,  thus  permitting  30  per  cent 
plus  scattering  to  be  effective  in  tissue  of  that 
depth.  So  he  estimates  that  40  per  cent  of  an 
erythema  dose  can  be  administered  to  a  uterus 
of  the  average  patient  without  injury  to  the 
skin,  and  that  by  using  four  ports  of  entry, 
namely,  front,  back  and  two  lateral,  approxi- 
mately a  full  destructive  dose  can  be  so  given. 

Summarizing,  he  says  that  the  lethal  dose  for 
carcinomatous  tissue  is  90  per  cent  of  the  skin 
erythema  dose,  that  for  sarcoma  70  per  cent, 
for  ovary  25  per  cent.  Fibromyomata  respond 
to  one  treatment,  resulting  in  complete  castra- 
tion. 

Carcinomata  of  the  breast  is  not  so  situated 
as  to  permit  of  receiving  approximately  equal 
amounts  of  ray  in  front  and  behind.  Here, 
though,  the  tumor  is  rarely  more  than  5  cm. 
from  the  skin  surface;  so  by  increasing  the 
skin-target  distance  to  70  to  90  cm.,  85  per  cent 


to  90  per  cent  of  an  erythema  dose  can  be  ad- 
ministered to  the  tumor  without  injury  to  the 
skin,  as  the  effect  is  in  inverse  ratio  to  the 
square  of  the  focal  distance.  The  time  required 
is  320  to  535  minutes. 

The  technique  as  reported  for  uterine  can- 
cer in  Bumm's  Clinic  in  Berlin  is  to  ray  four 
areas,  one  in  front,  one  from  behind,  and  one 
from  each  side,  using  a  voltage  of  190,000  to 
200,000.  The  skin-target  distance  is  30  cm., 
and  with  a  filter  of  0.8  mm.  of  copper  for 
ninety  minutes  over  each  area.  Blood  transfu- 
sion follows  this  treatment. 

At  Seitz  and  Wintz's  Clinic  in  Erlangen,  six 
or  seven  fields  are  exposed,  using  23  cm.  dis- 
tance, 16  inch  parallel  spark  gap,  0.5  mm.  of 
copper  or  zinc  filter  for  thirty-five  minutes 
each  area.  This  treatment  is  given  in  two  "sit- 
tings" at  six  weeks'  interval. 

At  the  Opitz  Clinic  of  Freiburg,  the  focal 
distance  is  50  cm.  Four  ports  of  entry  are  used 
and  each  rayed  for  120  minutes.  Astonishingly 
good  results  are  obtained. 

Eugene  V.  Powell. 
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CONSIDERATION  of  primary  tu- 
mors of  the  lungs  must  deal  largely 
with  malignant  tumors,  since  those  of  henign 
type  are  exceedingly  rare. 

The  most  comprehensive  and  accurate  de- 
scription of  primary  malignancies  in  the 
lungs  is  the  monograph  of  Adler,  published 
in  1912.  Adler  states  that  the  first  accurate 
knowledge  of  lung  tumors  dates  from  mod- 
ern times,  after  Laennec  had  established  the 
clinical  investigation  of  the  chest  on  a  sound 
basis  by  application  of  ausculation  and  per- 
cussion. This  he  calls  the  period  of  the  study 
of  lung  tumors  by  clinical  methods  sup- 
ported by  gross  pathology.  His  latest  period, 
coming  down  to  the  time  of  his  monograph, 
is  that  in  which  histology  is  added  to  clinical 
and  gross  pathological  research.  Since  the 
publication  of  Adler's  treatise  the  perfection 
of  the  roentgen  method  of  examination  of 
the  chest  has  brought  us  to  another  period  of 
much  greater  accuracy  in  diagnosis  of  intra- 
thoracic neoplasms.  Indeed,  Adler  wrote  as 
follows  in  1912:  "It  was  not  very  long  ago 
that  A.  Frankel  wrote  that  .r-rays  were  of 
little  service  in  the  diagnosis  of  lung  tumors. 
Since  then  the  .r-rays  have  become  a  most 
remarkable  and  efficient  aid  to  diagnosis  in 
general,  and  there  exists  the  well-founded 
hope  of  their  increasing  efficiency  as   fur- 


ther improvements  in  apparatus  and  ad- 
vances in  techniciue  are  made The 

hope  may  reasonably  be  entertained  that 
with  the  systematic  and  proper  application 
of  the  .r-rays  to  the  exploration  of  the  chest, 
the  diagnosis  of  lung  tumor  may  be  assured 
when  no  other  means  will  give  ecptally  cer- 
tain results." 

In  191 7  IMcMahon  and  Carman,  in  a 
communication  on  "The  Roentgenological 
Diagnosis  of  Primary  Carcinoma  of  the 
Lung,"  described  in  detail  the  roentgen  ap- 
pearance of  these  tumors  and  gave  the  es- 
sential points  in  differentiating  them  from 
other  intrathoracic  conditions. 

It  is  the  purpose  of  this  paper  to  state  as 
concisely  as  possible  the  diagnostic  points  by 
which  we  are  now  able  to  \recognize  the  pres- 
ence of  primary  tumors  in  the  lungs  and  to 
emphasize  certain  conditions  that  have  come 
under  the  writer's  observation  from  w^iich 
such  tumors  must  be  differentiated. 

It  is  undoubtedly  true,  as  several  writers 
have  stated,  that  there  is  a  certain  roentgen 
picture  that  is  practically  pathognomonic  of 
primary  carcinoma  of  the  lungs,  but  there 
are  certain  other  conditions  .so  closely  re- 
sembling it  that  constant  watchfulness  is 
necessary  to  avoid  mistakes.  It  is  essential 
in  every  case  to  interpret  the  roentgenogram 

"Read  at  the  Twenty-first  Annual  Meeting  of  The  American  Roentgen    Rav   Society,    Minneapolis,    Minn.,    Sept.    14-17,   1920. 
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in  the  light  of  the  symptoms,  the  physical 
findings,  and  especially  the  mode  of  onset 
and  course  of  the  disease. (  Unfortunately, 
like  malignant  disease  in  other  parts  of  the 
body,  tumors  of  the  lung  may  be  almost  or 
cjuite  symptomless,  l3ut  in  any  case  of  sus- 
pected intrathoracic  disease  the  possibility 
of  lung  tumor  should  always  be  considered. 
The  symptoms  and  physical  signs  depend 
not  only  upon  the  size  of  the  tumor  but 
more  particularly  upon  its  location. 


amination  is  made  at  this  time,  definite  signs 
of  pathology  will  be  seen,  depending  upon 
the  type  of  disease.  If  it  is  of  the  infiltrative 
t}-pe,  having  its  origin  in  one  of  the  large 
bronchi  near  the  hilus,  a  roughly  circular 
shadow  will  be  seen  extending  outward 
from  the  hilus.  The  outer  edge  of  this 
shadow  is  not  sharply  circumscribed  but 
shades  off  into  the  surrounding  lung  shadow 
and  has  projecting  from  it  processes  that 
radiate    out    into    the    lung.     Bevond    this 


Fig.    I.   Pri.makv   Carcixoma  of  the  Lung. 


Fig. 


Bexigx  Tumor — Pkoharly  Intrathoracic 
Goiter. 


There  are  usually  no  earlv  svmptoms  that 
are  characteristic,  ])ut  there  may  be  symp- 
toms to  arouse  suspicion  and  lead  to  thor- 
ough investigation.  Among  the  earliest  of 
these  may  be  a  slight  discomfort — at  times 
amounting  to  pain — in  an  area  correspond- 
ing to  the  liila  of  the  lungs.  There  is  often, 
also,  a  slight,  gradually  increasing  dyspnea. 
Accompanying  the  discomfort  and  dyspnea 
there  may  be  a  dry,  unproductiA'e  cough. 

If  these  symptoms  lead  to  careful  physi- 
cal examination  of  the  chest,  a  small  area  of 
dullness  may  be  discovered,  especially  a  wid- 
ening of  the  area  of  dullness  about  the  root 
of  the  lung.  There  may  also  be  diminished 
breath  sounds,  but  no  rales.  If  roentgen  ex- 


shadow  which  represents  the  pathological 
process  itself  is  a  more  or  less  extensive 
area,  somewhat  less  dense  than  the  tumor 
shadow,  and  quite  homogeneous  in  charac- 
ter. This  is  caused  by  congestion  in  the  sur- 
rounding lung  and  probably  also  by  a  partial 
atelectasis  due  to  some  degree  of  stenosis  of 
the  bronchi.  If  in  addition  to  the  above  pic- 
ture there  are  a  few  nodules  with  the  same 
indistinct  edges  surrounding  the  central 
shadow  or  in  relation  with  the  bronchial 
trunks  farther  toward  the  periphery,  the  pic- 
ture is  cjuite  characteristic  of  malignant  dis- 
ease of  the  lung. 

The  infiltrative  type  of  tumor  may  also 
arise   from   subdivisions  of  the  bronchi  or 
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from  bronchioles  far  out  in  the  hmg  struc- 
ture. They  show  the  same  inchstinct  edges 
and  projections  as  those  arising  at  the  hila. 

In  the  miHary  type  of  the  disease  there  is 
diffuse  nodulation  throughout  the  huigs,  but 
each  nodule  or  mass  of  nodules  has  this 
same  hazy  appearance  at  its  periphery,  and 
there  is  present  the  surrounding  zone  due  to 
congestion. 

If  the  appearance  described  above  is  pres- 
ent, it  may  then  be  stated  with  a  good  de- 


correct  diagnosis  by  the  presence  of  enlarged 
lymph-nodes  in  the  neck.  The  microscopic 
examination  of  such  a  node  removed  from 
the  neck  or  axilla  may  show  the  character  of 
the  process  in  the  lung.  The  nature  of  the 
disease  has  occasionally  been  determined  by 
the  presence  of  portions  of  tumor  in  a 
pleural  effusion.  A  hemorrhagic  effusion  is 
strongly  suggestive  of  malignant  disease. 

It  is  stated   that  the  diagnosis   is   some- 
times established  by  bronchoscopic  examina- 


FiG.  3.  Benign  Timor,  Probably  Dermoid  Cyst. 

gree  of  certainty  that  the  lesion  is  carci- 
noma. There  are,  however,  numerous  cases 
of  lung  carcinoma  in  which  the  roentgen  ap- 
pearance is  not  entirely  typical,  and  there 
are  also  conditions  which  are  not  carcinoma 
in  which  the  roentgen  appearance  closely 
simulates  the  latter.  It  is  in  such  cases  that 
we  must  rely  upon  the  future  course  of  the 
disease  and  corroborative  clinical  findings  in 
order  to  establish  a  diagnosis.  The  sputum 
may  furnish  conclusive  or  corroborative  evi- 
dence. In  rare  cases  tumor  elements  may  be 
found  or  the  fairly  characteristic  raspberry- 
jelly  or  prune- juice  sputum  may  be  present. 
The  sputum  is  often  bloody  as  in  other  lung 
diseases.  The  gradual  increase  in  dyspnea 
due  to  growth  of  the  tumor  into  the  bronchi 
or  trachea  is  a  valuable  sign.  Barker  men- 
tions two  cases  in  which  he  was  led  to  a 


Fig.  4.  EcHiNococcus  Cyst  of  Lung. 

tion.  Fever  is  of  variable  occurrence  and  is 
probably  due  to  the  presence  of  inflamma- 
tory reaction  about  the  tumor.  It  may  vary 
from  99°  to  102.5°. 

Two  cases  of  lung  carcinoma  which  have 
come  under  the  writer's  observation  depend 
for  diagnosis  upon  the  manner  of  onset,  the 
progressive  course  of  the  disease,  and  the 
roentgen  findings,  which  are  quite  typical. 
Both  of  these  cases  were  men  between  fifty- 
five  and  sixty  years  of  age.  The  clinical  and 
roentgen  aspects  of  these  two  cases  are 
strikingly  alike.  In  both  cases  the  first  sign 
of  the  disease  was  a  sudden  attack  of  fever 
and  cough.  The  fever  disappeared  in  a  few 
days,  but  the  dry  cough  persisted.  In  one  of 
the  cases  there  were  several  attacks  of  fever 
varying  from  99°  to  102.5°.  One  came  for 
roentgen  examination  eight  months,  and  the 
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other  six  months  after  the  initial  attack  of 
fever.  In  one  of  them  the  cHnician  had  dis- 
covered a  definite  area  of  duHness  extending 
outward  from  the  left  hilus — in  the  other  no 
suspicious  physical  signs  had  been  found  in 
the  chest.  In  both  cases  the  most  prominent 
symptom  was  the  persistent,  irritating 
cough,  but  both  complained  of  a  feeling  of 
tightness  and  discomfort  in  the  region  of  the 
root  of  the  left  lung.  Both  patients  had  a 
slightly  cachetic   appearance  and   both   had 


cannot  be  stated.  For  example,  Figures  2 
and  3  undoubtedly  represent  benign  tumors 
since  they  were  both  observed  over  a  period 
of  more  than  three  years  without  change  in 
size  or  contour.  Figure  2  is  probably  an 
intrathoracic  goiter,  while  Figure  3  is  very 
likely  a  dermoid  cyst. 

Echinococcus  cyst  sometimes  occurs  in  the 
lung,  usually  in  the  lower  right  lobe.  Figure 
4  represents  a  cyst  which  is  believed  to  be 
echinococcus,   but  conclusive  evidence  such 


Fig.  5.  MEDLA.STIXAL  Tumor. 

lost  a  few  pounds  in  weight.  Both  cases 
have  been  given  two  series  of  roentgen  treat- 
ment through  many  portals  of  entry  with  no 
apparent  improvement.  One  has  been  under 
observation  about  four  months,  and  the 
other  about  six  months,  and  in  both  there 
has  been  a  gradual  increase  in  the  cachetic 
appearance  and  a  gradual  loss  of  weight. 
Figure  i  shows  the  roentgen  appearance  in 
one  of  these  two  cases. 

Benign  tumors  of  the  lung  occur  infre- 
quently but  often  enough  to  make  it  neces- 
sary to  mention  them  briefly.  It  is  often  pos- 
sible to  make  a  diagnosis  of  benign  lung  tu- 
mor when  the  exact  nature  of  the  tumor 


Fig.  6.  Medlvstinal  Tumor. 

as  booklets  in  the  sputum  or  positive  comple- 
ment fixation  test,  was  absent.  The  round  or 
oval,  sharply  circumscribed  contour  of  be- 
nign tumors  and  their  smooth  margin  makes 
their  roentgen  appearance  rather  typical. 

The  following  intrathoracic  conditions 
mav  simulate  lung  tumors  more  or  less 
closely  and  must  be  considered  in  the  dif- 
ferential diagnosis. 

Mediastinal  tumor  can  usually  be  dis- 
tinguished by  the  roentgenologic  appear- 
ance. Oblique  examination  will  show  a  dis- 
tinct mass  in  the  mediastinum,  and  exam- 
ination in  the  antero-posterior  direction  will 
.show  the  shadow  directly  continuous  with 
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that  of  the  mediastinal  structures.   (Figs.  5 
and  6.) 

In  mediastinitis  there  is  a  general  widen- 
ing of  the  mediastinal   shadow,   and  those 


Fig.  7.  Intrathoracic  Goiter. 

signs  and  symptoms  that  accompany  an  in- 
flammatory process. 

IntratJioracic  goiter  and  cystic  tumors  of 
the  mediastinum  give  a  rather  characteristic 
roentgen  picture.  (Fig.  7.) 


Giinuna  of  the  lung  is  a  condition  having 
much  the  same  roentgen  appearance  as  ma- 
lignant tumors  (Figs.  8  and  9).  The  diag- 
nosis depends  upon  the  Wassermann  test 
and  the  disappearance  of  the  mass  under 
anti-syphilitic  treatment. 

Caseous  pneumonia  may  readily  be  mis- 
taken for  malignancy.  The  early  symptoms 
may  be  c[uite  indefinite  just  as  they  are  in 
malignant  disease,  and  the  roentgen  picture 
may  not  be  distinctive.  The  irregular  tem- 
perature, gradually  becoming  higher  as  the 
disease  progresses,  the  presence  of  rales,  the 
finding  of  tubercle  bacilli  in  the  sputum,  and 
the  character  of  the  sputum  may  serve  to 
dift'erentiate  from  lung  tumors. 

There  are  certain  inflammatory  processes 
occurring  at  or  near  the  hila  of  the  lungs 
that  give  much  the  same  roentgen  appear- 
ance as  malignant  disease.  Such  conditions 
are  often  seen  following  influenza,  but  they 
may  arise  quite  independently  of  other  dis- 
ease. We  have  observed  several  such  cases 
apparently  caused  by  the  streptococcus  he- 
molyticus.  These  conditions  are  sometimes  a 
Ijronchial  adenopathy  but  some  of  them  are 
undoubtedly  localized  pneumonic  processes. 
Most  of  them  undergo  resolution  very 
slowly  and  it  is  at  this  time,  when  the  patient 
is  afebrile,  that  a  mistake  may  be  made  in 


Fig.  8.  Gumma  of  Lung. 


Fig.  9.  Gumma  of  Lung.  Same  Case  as  Fig.  8  after 
Treatment. 
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diagnosing  the  condition  as  mahgnancy  of 
the  lung. 

There  are  other  conditions,  such  as  bron- 
chiectasis, chronic  puhnonary  abscess,  en- 
cysted empyema,  puhnonary  infarct,  and 
metastatic  mahgnancy.  that  may  be  con- 
fused with  primary  malignant  tumor  of  the 
lung.  Careful  attention  to  the  history  and 
the  roentgenologic  findings  will  in  most 
cases  serve  to  separate  them. 

It  may  be  stated  in  conclusion  that  an 
accurate  diagnosis  of  lung  tumor,  with  a 
definite  opinion  as  to  its  malignant  or  benign 
character,  can  be  made  in  many  cases  by 
consideration  of  the  mode  of  onset,  the  pre- 
liminary symptoms,  and  the  roentgen  find- 
ings. When,  however,  the  roentgen  appear- 
ance is  not  characteristic,  the  diagnosis  must 
be  established  by  the  further  course  of  the 
disease,  and  the  presence  of  such  signs  as 
enlarged  lymph  nodes  in  the  neck  or  axilla, 
and  the  character  of  the  sputum  and  pleural 
effusions. 

It  must  further  be  kept  in  mind  that  there 
are  certain  non-cancerous  conditions  occur- 
ring in  the  lung  which  may  readily  be  con- 
fused with  cancer,  especially  if  only  the 
roentgenologic  evidence  is  relied  upon. 
Among  those  especially  likely  to  lead  to  error 
are  gumma  of  the  lung,  mediastinitis, 
caseous  pneumonia,  and  certain  inflamma- 
tory processes  about  the  hila. 
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DISCUSSION 

Dr.  G.  E.  Pfahler. — This  paper  has  been  so 
beautifull}-  presented  I  don't  see  that  there  is 
very  much  to  add.  I  can  only  congratulate  Dr. 
Christie  on  his  presentation. 

Dr.  F.  W.  Manges.— I  too  think  Dr.  Chris- 
tie's a  most  interesting  and  important  paper.  It 
has  been  but  a  comparatively  short  time  that 
we  have  been  considering  primary  carcinoma 
of  the  lung,  except  as  a  very  rare  entity,  if  an 
entity  at  all,  and  I  think  largely  because  of  the 
roentgen  signs  which  we  found  difficult  to  ex- 
plain otherwise.  In  other  w^ords,  it  has  been 
because  we  have  not  been  able  to  diffei"entiate 
our  findings  clearly  that  the  diagnosis  of  pri- 
mary carcinoma  has  become  quite  common  in 
the  last  few  years,  so  that  I  think  this  is  a  most 
important  question  now,  especially  to  i^oentgen- 
ologists.  Every  }ear  our  problems  of  differen- 
tiating conditions  in  the  chest  are  becoming 
more  and  more  difficult,  more  and  more  com- 
plex. It  must  prove  to  all  of  us  that  we  made 
mlany  mistakes  in  the  past,  so  that  I  think  the 
paper  of  Dr.  Christie,  like  that  of  Dr.  Watkins 
and  a  number  of  others  on  the  chest  at  this 
meeting,  have  been  most  valuable  indeed. 

I  am  not  going  to  discuss  the  paper  in  the 
sense  tliat  I  disagree  in  any  way  with  Dr. 
Christie,  because  I  don't.  I  would  like  to  sup- 
port practically  everything  he  said. 

Dr.  George  C.  Johnston. — I  have  never 
seen  a  case  of  pleural  effusion  in  primary 
nialignancv.  It  mav  be  that  the  cases  are  not 
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far  enough  advanced  or  that  they  die  too  soon, 
or  I  don't  get  to  see  any  of  them.  It  is  my 
opinion  you  get  your  pleural  effusion  in  sec- 
ondary carcinoma. 

Now,  if  we  take  up  these  cases  of  primary 
carcinoma,  pretty  soon  we  will  have  the  intern- 
ist thinking  about  it  when  he  is  examining  a 
man,  and  you  will  find  they  are  not  at  all  rare, 
but  are  simply  overlooked.  I  have  seen  a  num- 
ber of  cases  of  primary  carcinoma  of  the  lung, 
and  to  my  surprise,  I  found  they  were  practi- 
cally all  coming  from  one  man,  and  he  was  not 
the  best  posted  internist  I  had  to  work  for, 
either.  He  was  one  of  the  old  school  of  men, 
and  in  curiosity  I  asked  him  why  he  was  mak- 
ing so  many  diagnoses  of  carcinoma  of  the 
lung  that  we  could  support  roentgenologically. 
He  said  it  was  probably  because  he  was  think- 
ing about  it  when  he  examined  the  patient. 
Then  I  asked  him  what  he  based  his  diagnosis 
on  in  some  of  these  cases,  and  he  replied  that  if 
you  are  going  to  explain  afebrile  hemoptysis 
without  any  pneumonia,  it  is  pretty  hard  to  do. 

Dr.  a.  C.  Christie  (closing).  We  often 
have  pleural  effusions  in  primary  carcinoma. 


One  of  these  cases  of  mine  had  a  pleural  effu- 
sion, and  many  reported  have  had  pleural 
effusions  which  had  to  be  withdrawn  before 
an  accurate  picture  could  be  obtained. 

I  would  like  to  emphasize  what  Dr.  Manges 
said  that  the  disease  is  common.  It  is  not  such 
an  uncommon  disease  as  we  once  believed  and 
we  must  think  about  it  always.  Adler  reported 
374  cases  in  1912,  and  he  accepted  only  those 
which  had  been  proven  by  pathologic  section. 
McMahon  and  Carman  reported  some  460 
cases  in  1918.  There  may  have  been  quite  a 
number  since,  so  there  must  be  a  great  many 
m.(jre  cases  than  have  been  reported.  Some 
think  it  is  not  very  important  whether  we  make 
an  actual  diagnosis  or  not,  because  the  patient 
is  doomed  any  way,  but  I  think  it  is  a  matter 
of  great  importance  to  the  patient.  Aside  from 
the  question  of  scientific  accuracy  in  diagnosis, 
it  is  of  great  moment  to  the  patient  whether  he 
is  going  to  be  moved  around  from  here  to  there 
as  a  tuberculosis  patient  for  the  rest  of  his  life, 
with  the  final  destruction  of  false  hopes  that  he 
may  get  well,  or  whether  it  is  definitely  known 
from  the  beginning  that  he  has  a  malignant 
disease. 


THE  CLINICAL  IMPORTANCE  OF  THE  DIFFERENT  TYPES  OF 

PULMONARY  TUBERCULOSIS  AS  DETERMINED 

BY  ROENTGEN  EXAMINATION* 

By  R.  G.  ALLISON,  M.D. 

MINNEAPOLIS,   MINNESOTA 


T  N  attempting  to  classifv  pulmonary  tuber- 
^  culosis  into  clinical  and  non-clinical  types 
by  means  of  the  .r-ray,  I  would  like  to  assure 
you  at  the  outset  that  I  am  fully  aware  of 
the  difficulties  that  are  to  be  met  with,  and 
am  convinced  that  it  cannot  be  done  without 
a  certain  percentage  of  error.  I  am  equally 
convinced  that  unless  we  do  attempt  this 
classification  we  have  not  done  our  full  duty 
either  by  the  patient  or  by  the  clinician  who 
has  referred  him  to  us  for  an  opinion.  En- 
tirely too  much  time  has  been  spent  by  both 
roentgenologists  and  clinicians  in  advancing 
absurd  claims  as  to  the  relative  merits  of 
the  stethoscope  and  the  a--ray  in  discovering 
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the  earliest  tuberculous  change  in  the  lungs, 
and  entirely  too  little  time  spent  by  either  of 
them  in  investigating  the  clinical  significance 
of  the  lesions  when  found. 

In  the  past  there  has  been  too  much  hesi- 
tancy on  the  part  of  the  roentgenologist  to 
make,  and  on  the  part  of  the  clinician  to  ac- 
cept negative  diagnoses  of  pulmonary  tuber- 
culosis in  the  face  of  toxic  symptoms. 

Giffin  of  the  Mayo  Clinic  says:  "From  the 
comparison  of  the  two  methods  we  would 
conclude  that  pulmonary  tuberculosis  can  be 
shown  as  early  by  the  .r-ray  as  we  can  be 
sure  of  its  presence  by  other  methods,  and 
the  negative  evidence  obtained  has  in  our 
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experience  been  of  greater  value  than  the 
positive."  Lawrason  Brown  of  Saranac  Lake 
says;  "By  stereoscopic  plates  a  diagnosis  can 
be  made  long  before  physical  signs  are  defi- 
nite." Rist  of  the  Lannec  Hospital  of  Paris 
states:  "To  argue  that  a  pulmonary  tubercu- 
losis sufficient  to  give  physical  signs  would 
not  show  definitely  on  the  .t'-ray  plate,  shows 
an  ignorance-  not  only  of  the  fundamental 
principles  of  roentgenology,  but  of  physical 
diagnosis  as  well."  Thus  it  would  seem  that 
in  stereoscopic  plates  we  have  the  one  accur- 
ate method  of  definitely  excluding  pulmon- 
ary tuberculosis. 

It  is  my  belief  that  the  greatest  factor  in 
making  roentgenologists  reluctant  to  make, 
and  clinicians  reluctant  to  accept  negative 
diagnoses  of  pulmonary  tuberculosis,  has 
been  the  non-recognition  or  non-acceptance 
of  the  fact  that  there  are  no  symptoms  or  set 
of  symptoms  pathognomic  of  pulmonary 
tuberculosis.  Until  clinicians  and  roentgen- 
ologists accept  this  fact,  the  one  will  be  al- 
ways loathe  to  make  and  the  other  loathe  to 
accept  a  negative  diagnosis  in  the  face  of 
toxic  symptoms.  Further  in  this  relation  I 
would  include  in  the  category  of  negative 
diagnosis  of  pulmonary  tuberculosis  not  only 
normal  lungs,  but  also  lungs  showing  non- 
clinical types  of  tuberculosis. 

In  my  opinion  our  reports  to  the  referring 
physician  should  consist  of  an  objective  de- 
scription of  our  findings,  our  impression  of 
these  in  terms  of  pathology,  and  finally  our 
opinion  as  to  whether  the  lesion  is  or  is  not 
a  clinical  type  of  infection.  If  all  our  cases 
were  referred  by  internists  and  tuberculosis 
speciaHsts  capable  of  translating  objective 
descriptions  of  shadows  into  terms  of  path- 
ology either  obsolete  or  recent,  this  might 
not  be  necessary;  but  the  majority  of  cases 
do  not  come  from  them.  It  has  been  my  ex- 
perience that  by  far  the  greater  number  of 
chest  cases  referred  to  the  roentgenologists 
come  from  the  general  practitioner ;  and  the 
majority  of  these  are  sent  for  the  simple 
reason  that  they  are  presenting  symptoms 
suggestive  of  an  active  tuberculosis,  with  ab- 
sent or  ecjuivocal  signs,  and  the  information 


which  the  physician  desires  can  be  summed 
up  in  two  cjuestions:  (i)  Has  this  patient 
pulmonary  tuberculosis?  (2)  If  so,  is  it  of  a 
type  which  could  account  for  his  symptoms? 
It  is  my  belief  that  the  first  cjuestion  can  be 
answered  correctly  in  practically  every  in- 
stance. The  second  can  be  answ^ered  with 
such  a  high  degree  of  accuracy,  that  it  should 
never  be  neglected,  especially  as  it  is  the 
question  upon  which  the  whole  value  of  the 
roentgen  method  depends.  So  much  has  been 
written  on  the  early  diagnosis  of  pulmonary 
tuberculosis,  and  the  fact  that  physical  signs 
may  be  absent  so  emphasized,  that  as  Rist 
aptly  expresses  it,  confronted  by  a  patient, 
our  attitude  is  not  "What  ails  the  patient?" 
but  "Can't  we  find  some  tuberculosis  to  ac- 
count for  his  symptoms?"  It  is  in  this  type  of 
case — and  these  form  at  least  half  of  the 
cases  we  see — where  by  making  a  definite 
negative  diagnosis  of  a  clinical  type  of  tuber- 
culosis, we  can  start  the  physician  on  a  fur- 
ther search  for  the  real  cause  of  the  patient's 
symptoms. 

Otherwise,  if  we  describe  an  obsolete  tu- 
berculosis as  seen  on  the  plates,  without  an 
expression  as  to  its  clinical  significance,  the 
physician  will  immediately  attribute  the 
symptoms  to  it  and  the  patient  be  doomed  to 
a  sanitarium  existence,  with  all  the  interfer- 
ence with  his  future  life  which  that  entails. 
Only  a  week  ago  I  heard  one  of  our  noted 
sanitarium  physicians  say:  "It  is  only  since  ] 
have  become  convinced  of  the  value  of  a 
negative  .t--ray  diagnosis  of  tuberculosis  that 
I  found  how  many  different  conditions  I  had 
been  treating  as  pulmonary  tuberculosis." 

We  as  roentgenologists  would  be  far  more 
accurate  and  valuable  if  we  would  confine 
ourselves  to  speaking  in  terms  of  clinical  and 
non-clinical  types  of  tuberculosis  and  base 
our  opinions  wholly  upon  the  findings  of  the 
plates,  rather  than  l)e  biased  by  the  patient's 
symptoms,  and  attribute  activity  to  an  obso- 
lete infection.  Naturally  the  patient  has 
svmptoms  or  he  would  not  have  consulted 
his  physician,  and  his  symptoms  are  sugges- 
tive of  pulmonary  tuberculosis  or  he  would 
not  have  been  sent  to  us.  Our  duty  is  to  say 
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whether  there  is  a  pulmonary  tuberculosis 
present  which  is  capable  of  producing  symp- 
toms, and  there  our  duty  ends. 

I  hope  I  may  be  pardoned  for  having  dwelt 
so  long  on  these  simple  facts,  but  for 
five  years  I  worked  in  clinical  tuberculosis, 
and  during  part  of  that  time  I  received  dic- 
tated chest  reports.  During  that  time  the 
reports  were  a  conglomeration  of  "increased 
linear  markings,"  "bronchial  interweavings," 
"tobacco  smoke  cloudings,"  and  "apical 
shadows,"  without  any  attempt  generally  to 
convert  these  findings  into  terms  of  pathol- 
ogy and  anatomy  and  never  any  attempt  to 
state  their  clinical  significance.  Usually  I  was 
more  in  doubt  as  to  what  the  patient  had  af- 
ter reading  the  reports  than  before.  It  is  be- 
cause I  can  see  this  from  the  standpoint  of 
the  clinician  that  I  have  dwelt  so  long  on  the 
necessity  and  value  of  an  opinion  from  the 
roentgenologists  as  to  the  etiology  and  clini- 
cal significance  of  the  objective  findings. 

From  a  roentgen  standpoint  all  pulmonary 
tuberculosis  can  be  grouped  under  three  di- 
visions :  ( I )  The  pulmonary  miliary  pro- 
cess which  accompanies  a  generalized  miliary 
tuberculosis  and  is  hematogenous  in  origin. 
Its  appearance  is  characteristic,  readily  rec- 
ognized, and  seldom  confused  with  other 
conditions.  Its  clinical  significance  need  not 
be  touched  upon.  All  pulmonary  tuberculosis 
other  than  this  form  can  be  classified  defi- 
nitely as  either  (2)  parenchymatous  or  (3) 
peribronchial,  depending  upon  whether  the 
involvement  is  in  the  lymphoid  tissue  sur- 
rounding the  bronchus  or  in  the  air  vesicles 
themselves.  In  case  both  types  are  present  it 
should  be  classified  as  parenchymatous. 

The  roentgen  differentiation  of  these  two 
types  is  simple,  definite  and  necessary.  It  is 
beyond  the  scope  of  this  article  to  delve  into 
the  different  theories  on  the  mode  of  infec- 
tion in  pulmonary  tuberculosis. 

Gohn's  classical  work  on  the  lungs  of  chil- 
dren would  indicate  that  all  peribronchial 
tuberculosis  is  secondary  to  a  parenchymal 
focus,  which  may  be  active  or  healed,  large 
or  small.  Regardless  of  its  etiology  peribron- 
chial tuberculosis  can  be  definitelv  differen- 


tiated from  the  parenchymal  form  by  the 
^--ray.  The  roentgen  appearance  of  paren- 
chymatous tuberculosis  from  its  slightest  to 
its  most  advanced  changes  is  perfectly  fa- 
miliar to  all  of  us  and  a  description  need  n(jt 
be  indulged  in.  The  only  condition  which 
resembles  it  closely  is  an  atypical  bronchial 
pneumonia,  and  here  at  times  we  must  resort 
to  the  time-honored  custom  of  watchful 
waiting  in  order  to  decide  with  which  condi- 
tion we  are  dealing.  With  a  history  of  recent 
influenza  or  pneumonia  I  should  wait  for  a 
few  weeks,  for  a  second  set  of  plates,  before 
pronouncing  a  slight  infiltration  or  consoli- 
dation tuberculous  unless  there  were  definite 
evidence  of  fibrosis  or  calcification  present. 

If  the  conglomerate  tubercles  which  make 
up  this  type  of  infection  are  few  in  number 
and  definitely  calcified,  and  the  linear  mark- 
ings extending  toward  the  hilus  from  them 
show  a  cleancut  shadow,  I  do  not  consider 
the  lesion  of  clinical  significance.  Unless  it 
does  exhibit  this  appearance  I  report  it  as  a 
clinical  type  of  infection. 

Peribronchial  tuberculosis,  to  be  consid- 
ered of  clinical  importance,  should  be  upper 
or  middle  lobe  distribution,  gross  in  amount, 
either  unilateral  or  more  marked  on  one  side 
as  compared  with  the  other,  and  should  ex- 
hibit a  hazy  outline  and  a  definite  nodular 
appearance.  Unless  involvement  of  the  peri- 
bronchial tissue  conforms  to  these  qualifica- 
tions it  represents  either  a  non-tuberculous 
infection  or  is  merely  the  residue  of  an  ob- 
solete tuberculosis. 

I  have  followed  the  plan  just  outlined  in 
reporting  all  chest  cases.  I  have  first  given 
the  objective  findings,  then  attempted  to  con- 
vert these  into  terms  of  pathology.  Following 
this  I  have  then  given  a  positive  or  negative 
opinion  as  to  the  clinical  significance  of  the 
lesion. 

I  have  probably  missed  several  cases  of  ac- 
tive tuberculosis,  and  I  am  quite  sure  that  in 
many  of  the  cases  I  described  as  having  a 
clinical  type  of  tuberculosis,  the  tuberculosis 
was  c|uiescent  and  the  cases  were  suffering 
from  other  conditions  which  w^re  producing 
their  symptoms.  But  on  the  other  hand  I  am 
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quite  sure  that  in  most  instances  where  a 
negative  diagnosis  was  given,  the  physician 
by  a  further  search  was  able  to  find  some 
other  disease  as  the  cause  of  the  patient's 
svmptoms. 

COXCLUSIOXS 

1.  Pulmonary  tuberculosis  can  be  divided 
into  clinical  and  non-clinical  types  with  a 
high  degree  of  accuracy  by  stereoscopic 
plates. 

2.  Unless  we  make  this  division  into  the 
two  types  we  are  putting  our  method  on  the 
level  of  tuberculin,  which  will  not  differen- 
tiate between  infection  with  the  tubercle 
bacillus  and  the  disease  tuberculosis. 

3.  Negative  stereoscopic  plates  can  with 


an  occasional  rare  exception  exclude  a  clini- 
cal type  of  tuberculosis. 

4.  Parenchymatous  tuberculosis  is  a  clini- 
cal t\pe  unless  slight  in  amount  and  definitely 
calcified,  and  peribronchial  tuberculosis  is  of 
clinical  significance  only  where  it  conforms 
to  the  following  qualifications,  upper  or  mid- 
dle lobe  distribution,  unilateral  or  more 
marked  on  one  side  as  compared  with  the 
opposite,  gross  in  amount  and  presenting  a 
hazy  outline  with  definite  modulations. 

5.  A  negative  diagnosis  from  the  roent- 
genologist is  of  more  value  than  a  positive, 
in  that  in  the  face  of  suggestive  symptoms,  a 
positive  diagnosis  can  often  be  made  by  other 
methods,  but  the  .r-ray  alone  offers  the  only 
accurate  method  of  excluding  the  disease. 


THE   VALUE   OF   LATERAL  AND   OBLIQUE   STUDIES 

OF  THE   CHEST* 


By  WILLIAM  A.  EVANS,  M.D. 

DETROIT,     MICHIGAN 


T  N  reviewing  the  literature  on  tuberculosis 
-■-  in  children,  one  wonders  at  the  wide 
variance  of  opinion  held  by  men  pro  iiinent 
in  chest  work  as  to  diagnosis  and  location  of 
lesions.  It  is  agreed  that  the  diagnosis  is 
difficult,  and  while  one  writer  insists  that 
phvsical  signs  are  to  be  depended  on  first,  if 
not  almost  entirely,  another  declares  that  the 
ordinarv  methods  of  examination  are  of 
little  value,  and  that  history  alone  will  suf- 
fice to  determine  the  diagnosis. 

References  to  the  pulmonary  area  in- 
volved are  ecjually  conflicting.  Fishberg,  in 
an  article  in  the  Aledical  Record  in  1917, 
states  that  parenchymal  lesions  are  invari- 
ably apical,  as  in  adults.  This  is  in  direct 
contradiction  to  the  usual  view  that  paren- 
chymal tuberculosis  in  children  is  invariably 
of  the  lower  lobes.  Most  of  the  later 
workers  agree  that  the  roentgen  method  of 
examination  of  the  chest  is  most  valuable, 
some  declaring  that  it  is  the  only  method  by 
which    a    correct    diagnosis    can    be    made. 


Inasmuch  as  parenchymal  tuberculosis  is 
extremely  rare  in  childhood,  and  peribron- 
chial tuberculosis  and  a  peribronchial  lymph 
node  tuberculosis  are  but  secondary  develop- 
ments of  a  primarv  root  infection,  it  is  evi- 
dent that  the  ordinary  postero-anterior  plates 
of  the  chest  cannot  have  a  proper  diagnostic 
value  for  tuberculosis,  since  the  visible 
changes  in  this  condition  to  a  large  extent 
and  for  some  time  occur  in  the  nodes  which 
surround  the  trachea  and  the  first  portion  of 
the  bronchi,  and  these  structures  are  ob- 
scured by  the  heart  and  large  vessel  shadows. 
We  have  had  the  opportunity  recently  to 
check  physical  and  radiographic  findings, 
and  it  has  been  observed  in  the  cases  in 
which  the  infection  had  spread  to  the  outer 
bronchial,  bronchopulmonary  and  pulmonary 
nodes,  the  findings  were  in  harmony,  but 
when  the  physical  findings — and  in  these 
cases  the  d'Espine  sign  was  held  diagnostic 
— were  not  in  accord  with  the  pathology 
demonstrated  bv  the  ordinary  plates,  lateral 
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Fig.    I.    Case   i.    An    Ordinary    Posterior-anterior      Fig.  3.   Case  ii.   Orijinary   Postero-anterior  Plate 
Plate   of   a    Child's    Chest    Showing   the   Ac-         of  the  Chest  of  a  Child.  No  Abnormality  Noted, 
centuation    of    the    Hilum    Shadows    and    In- 
creased Markings  Upwards. 


Fig.  2.  Case  i.  Lateral  Plate  ()f  the  Chest  Show- 
ing the  Calcified  Glands  and  Marked  Hyper- 
trophy of  the  Lymphoid  Tissues  in  the  Space 
between  the  Heart  and  the  Spine. 


Fig.  4.  Case  ii.  Lateral  Plate  of  the  Chest 
Showing  Extensive  Deposit  between  the  Heart 
AND  Spine. 
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plates  revealed  the  enlargement  of  the 
tracheal  and  inner  bronchial  glands. 

We  are  not  to  gather  from  these  state- 
ments that  the  diagnosis  of  tracheobronchial 
tuberculosis  can  be  made  from  the  radio- 
graphic examination  alone,  for  there  is  noth- 
ing characteristic  about  the  enlargement  of 
the  glands  resulting  from  infection  with  the 
Koch  bacillus;  but  it  is  important  to  use  a 
method  which  will  demonstrate  the  basis  for 
physical  signs,  and  the  lateral  plate  will  do 
this  frequently  when  the  standard  positions 
give  negative  findings. 

At  this  time,  I  should  like  to  refer  to  the 
results  of  experiments  by  Krause  given  in  a 
paper  entitled  "Experimental  Tracheobron- 
chial Node  Tuberculosis"  published  in  the 
American  Reviciv  of  Tuberculosis,  March, 
1 91 9.  In  these  experiments  an  attenuated 
strain  of  Koch  bacillus  was  injected  in  the 
groins  of  guinea  pigs.  Serial  studies  demon- 
strated an  early  and  relatively  extensive  in- 
volvement of  all  of  the  lymph  nodes  in  the 
vicinity  of  the  point  of  infection.  It  was  sup- 
posed for  some  time  that  the  infection  did 
not  spread  beyond  the  abdominal  lymph 
nodes,  but  later  studies  showed  in  all  cases 
involvement  of  the  tracheo-bronchial  nodes. 
Dr.  Krause' s  conclusions  from  these  experi- 
ments tend  to  disprove  definitely  the  Ghon 
theory  that  all  tuberculosis  of  the  hilus 
glands  is  secondary  to  a  pulmonary  paren- 
chymal lesion.  Dr.  Krause  suggests  that  he 
could  agree  with  Ghon's  theory  provided  the 
word  infection  was  used  rather  than  lesion, 
because  it  is  no  doubt  true  that  the  Ivmph 
nodes  are,  in  many  cases,  infected  by  inhala- 
tion, the  organisms  being  absorbed  by  the 
terminal  pulmonarv  Ivmph  vessels. 

The  value  of  the  lateral  studv  of  the  chest 
in  adults  is  particularly  great  in  those  cases 
which  present  deep-seated  abscesses  or  inter- 
lobar -collections  of  fluid.  The  position  of 
parietal  effusions  can  be  easily  determined 
by  plates  made  in  both  anteroposterior  and 
postero-anterior  positions,  the  size  of  the 
shadow,  of  course,  varying  on  the  two  sets 
of  plates.  The  ordinary  stereoscopic  plates 
are  of  no  value  in  these  diffuse  intrathoracic 
shadows,  because  the  relation  of  the  densitv 


to  the  anterior  or  posterior  chest  walls  can- 
not be  determined  by  this  method  of  study. 
If  the  margins  of  the  encapsulated  fluid  were 
always  spherical  or  regular,  the  lateral 
method  would  have  no  special  advantage; 
but  frequently  the  outline  of  a  retained  fluid 
is  triangular,  so  that  by  the  lateral  plates  the 
points  of  approach  for  thoracentesis  or 
thoracotomy  can  be  advantageously  chosen. 

The  possibility  of  a  successful  drainage  of 
a  lung  abscess  by  collapse  of  the  lung 
through  artificial  pneumothorax  can  also  be 
determined  in  advance  of  the  procedure,  for 
in  abscesses  which  are  situated  near  the  peri- 
phery of  the  lung,  there  are  frequently  ad- 
hesions between  the  pulmonary  and  parietal 
pleurae,  which  prevent  lung  collapse.  This 
question  is  especially  timely  because  there 
are  many  internists  in  the  country  who  are 
electing  to  treat  acute  pulmonary  conditions 
by  artificial  pneumothorax  when  the  path- 
ology present  should  demand  surgical 
treatment. 

The  shadow  of  the  right  leaf  of  the  dia- 
phragm on  the  average  chest  plate  is  at  the 
level  of  the  eighth  or  ninth  rib  posteriorly, 
the  exact  level  depending  on  whether  the 
plates  were  obtained  in  deep  inspiration  or 
in  expiration.  The  lines  of  reflection  of  the 
pleura  inferiorly  are  anteriorly  at  the  level 
of  the  eighth  costochondral  junction,  mam- 
mar^•  line,  the  tenth  rib  in  the  midaxillary 
line,  and  thence  to  the  spinous  process  of 
the  twelfth  thoracic  vertebra.  The  variation 
between  the  two  sides  is  unimportant.' There- 
fore any  pathology  occurring  in  the  posterior 
phrenocostal  space  cannot  be  shown  on  the 
standard  anteroposterior  plates.  It  is  true 
that  plates  made  in  deep  inspiration  reduce 
the  depth  of  this  hidden  field,  but  at  no  time 
is  the  diaphragm  entirely  -flat.  Again,  any 
inflammatory  pathology  involving  the  lower 
lobes  causes  a  fixation  and  elevation  of  the 
diaphragm  on  the  affected  side,  and  the 
depth  of  the  area  under  discussion  is  cor- 
respondingly increased. 

The  lower  right  lobe  is  a  favorite  locality 
for  abscess,  probably  due  to  the  predilec- 
tion for  foreign  bodies  to  enter  the  right 
bronchus. 
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Fig.  5.  Case  hi.  Ordix.\ry  Postero-.\xterior  Plate         Fig.   7.   Case  iv.   Postero-anterior  Plate  of  the 
OF  .\N  Adult's  Chest  Showing  a  Hydropneumo-  Chest  Showing  a  Hydrothorax. 

THORAX. 


Fig.  6.  Case  hi.  Lateral  Plate  Showing  the 
Collection  of  Fluid  in  the  Posterior  Part  of 
the  Chest.  Note  Fluid  Level  Overlying  the 
Shadow  of  the  Spine. 


Fig.  8.  Case  iv.  L.a.teral  Plate  of  the  Chest 
Showing  the  Wide  Distribution  of  Fluid  from 
the  Anterior  to  Posterior  Chest  W.^ll. 


no 
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Descriptions  of  three  cases  recently 
studied  will  serve  to  illustrate  the  practical 
value  of  the  lateral  and  obliciue  studies  of 
this  area. 

Case  I.  Mrs.  S,  age  forty-hve.  Referred 
for  chest  examination  with  the  historv  of  an 
acute  process  in  the  lower  right.  The  find- 
ings, at  this  time,  were  those  of  a  small 
amount  of  fluid  in  the  right  lower  pleural 
cavity,  there  being  a  loss  of  the  phrenocostal 
angle.  However,  the  development  and  sever- 
ity of  the  symptoms  were  out  of  proportion 
to  the  findings,  and  following  withdrawal 
of  the  pleural  efifusion.  further  studies  were 
undertaken  to  determine  the  basis  for  the 
persistence  of  the  symptoms.  At  this  time, 
by  the  oblique  method,  we  could  demonstrate 
a  rounded  shadow  just  below  the  shadow  of 
the  right  leaf  of  the  diaphragm,  and  acct)rd- 
ingly  a  report  was  made  that  a  lung  abscess 
was  present,  and  that  the  pleural  effusion 
formerly  demonstrated  was  simplv  second- 
ary to  the  deeper  lesion.  Several  davs  follow- 
ing this  examination,  in  a  paroxvsm  of 
coughing,  the  patient  brcnight  up  a  peanut 
with  a  quantity  of  pus.  and  the  case  went  on 
from  this  to  complete  recovery.  At  the  time 
of  both  examinations,  no  history  whatever 
was  obtained  that  would  suggest  the  pres- 
ence of  a  foreign  body. 

Case  II.  Mr.  C,  age  twenty-three.  The 
chest  plates  showed  pulmonary  pathologv  in- 
volving the  lower  right  lobe,  complicated 
with  a  small  amount  of  pleural  effusion.  The 
patient  apparently  recovered  from  this  con- 
dition, although  previous  to  his  discharge 
from  the  hospital  no  radiographic  record 
was  obtained  of  the  chest  condition.  After  a 
lapse  of  three  months,  the  patient  was  again 
referred  for  examination  of  the  abdomen, 
with  a  tentative  diagnosis  of  duodenal  per- 
foration or  duodenal  ulcer.  Stud\-  of  the 
chest  at  this  time  re\-ealed  a  fixed  and  ele- 
vated right  leaf  of  the  diaphragm,  with  no 
free  fluid  in  the  pleural  cavity.  The  abdom- 
inal findings  were  those  of  adhesions  involv- 


ing the  first  and  second  portions  of  the  duo- 
denum. We  described  the  pathology  in  the 
lower  lobe,  but  we  did  not  appreciate  its 
clinical  significance,  as  later  events  proved. 

At  operation,  adhesions  were  found  in  the 
upper  right  quadrant,  but  during  the  anes- 
thesia, the  patient  had  a  severe  paroxysm  of 
coughing,  and  a  considerable  quantity  of  pus 
was  expectorated. 

We  felt  that  we  were  at  fault  in  this  case, 
because  we  did  not  attach  more  importance 
to  the  pulmonary  findings.  Due  considera- 
tion of  the  oblique  findings  would  have  re- 
sulted in  a  very  different  method  of 
treatment. 

Case  III.  Mr.  C,  age  seventy,  with  a  his- 
tory of  pneumonia  which  did  not  clear  up 
within  the  usual  period.  Radiographic  study 
of  the  chest  in  the  standard  positions  dem- 
onstrated a  small  amount  of  fluid  in  the 
lower  right.  Again,  the  symptoms  were  out 
of  proportion  to  the  findings,  and  the  oblique 
method  of  study  revealed  lower  lobe  path- 
olog\-.  in  addition  to  the  small  amount  of 
fluid. 

At  the  time  of  operation,  when  die  pleural 
ca\ity  was  opened,  there  was  escape  of  a 
thin,  sanguineous  fluid,  and  not  until  the 
lung  itself  was  entered  was  pus  obtained. 

A  third  area  in  the  chest  obscured  by 
anatomic  structures  is  the  space  between  the 
heart  and  the  posterior  chest  wall.  Internists 
have  frequentl)'  t|uestioned  the  interpreta- 
tion of  chest  findings  in  a  given  case,  inquir- 
ing as  to  the  possibility  of  a  pulmonary 
lesion  being  obscured  by  the  heart  shadow. 
Our  experience  with  Case  IV  of  this  series 
will  serve  to  emphasize  the  need  of  having 
in  mind  the  possibility  of  collections  of  fluid 
which  can  be  obscured  by  the  heart,  the  heart 
in  the  meantime  .showing  no  displacement. 

Case  IV.  Mr.  H.,  age  twenty-six,  post- 
influenzal pathology.  The  anteroposterior 
plate  showed  slight  impairment  of  density 
over  the  lower  left  lung  field,  with  a  visible 
left  leaf  of  the  diaphragm  and  no  displace- 
ment of  the  mediastinal  shadows.  In  spite  of 
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our  negative  report  for  the  presence  of  any 
quantity  of  fluid  in  the  left  pleural  cavity,  a 
thoracotomy  was  performed  and  a  pint  or 
more  of  pus  was  evacuated.  In  this  case,  also, 
we  believe  that  thorough  lateral  and  oblique 
studies  would  have  revealed  this  collection 
of  fluid. 


DISCUSSION 

Dr.  Kennon  DuNiiAiM.  I  wish  to  thank  Dr. 
Evans  for  bringing  to  our  attention  again  the 
necessity  for  as  complete  an  examination  of 
the  chest  by  the  ^-ray  as  is  possible.  I  am  sure 
that  he  does  not  mean  that  we  should  give  up 
the  ordinary  stereoscopic  postero-anterior  ex- 


FiG.  g.  Case  v.  Posteuo-anteriok  Plate  of  ax 
Adult's  Chest  Showing  Elevation  and  Distok- 
Tiox  OF  THE  Right  Leaf  of  the  Diaphragm. 


CONCLUSIONS 

1  am  well  aware  that  the  above  procedure 
in  the  examination  of  the  chest  is  carried  on 
by  many  workers.  My  object  in  presenting 
it  at  this  time  is  to  emphasize  the  necessity 
for  a  more  frequent  variation  from  the 
standard  positions. 

The  mere  reporting  of  a  small  amount  of 
fluid  in  the  lower  pleural  cavity  is  of  no 
practical  value  in  many  chest  conditions,  for 
the  presence  of  the  fluid  is  merely  incidental 
to  the  basic  pathology,  which  is  pulmonary. 

As  regards  juvenile  tuberculosis,  the  wide 
divergence  of  opinion  regarding  the  mode  of 
infection  and  the  distribution  of  lesions  indi- 
cates the  necessitv  for  immediate  and  wide 
promulgation  of  the  views  held  by  roent- 
genologists w^ho  are  familiar  with  the  type 
and  location  of  visible  lesions  of  tuberculosis. 


Fig.  id.  Case  v.  Lateral  Pl.vte  of  the  Chest  Shows 
Adhesions  Involving  the  Diaphragm  well  In- 
terior, the  Posterior  Surface  is  Clear. 

This  plate  shows  graphically  the  extent  of  the 
pulmonary  area  which  is  obscured  by  the  ordinaiy 
postero-anterior  plate. 

posures  from  which  we  gain  so  much,  but  he 
does  mean,  or  at  least  I  think  he  means,  that 
that  is  not  alwa}s  sufficient,  and  it  is  of  utmost 
importance  that  every  aid  should  be  given  to 
determining  these  lung  tumors.  For  years  .r-ray 
men  have  been  working  in  the  lung  field,  and 
ha\e  had  aliuost  no  encouragement  from  the 
medical  profession.  The  war  changed  that. 
They  are  coming  to  }0u  and  to  me  to  help  them 
solve  their  chest  problems.  Just  as  in  Dr.  Stew- 
art's work,  the  bronchoscopist  is  absolutely  de- 
pendent on  the  ,r-ray  examination.  Now,  when 
we  have  made  an  examination,  don't  let  us  stop 
because  we  are  in  a  hurry.  Don't  let  us  get 
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into  a  hurry  which  may  cause  us  to  lose  an 
important  phase  of  an  examination. 

Before  I  sit  down,  I  simply  wish  to  impress 
on  you  that  wherever  it  is  possible,  please  im- 
press upon  your  clinician  that  the  aid  of  the 
x-va.}-  is  not  only  necessary  in  cases  they  think 
are  important;  the  great  importance  of  the 
.t'-ray  examination  of  the  chest  is  where  they 
do  not  have  sufficient  physical  signs  to  explain 
the  case.  The  greatest  benefit  we  have  re- 
ceived from  the  .r-ray  examination  has  been 
where  it  has  been  done  routinely.  Every  case 
coming  to  a  hospital  should  be  examined,  and 
til  at  is  where  ^•ou  get  Aour  beautiful   results 


and  most  illuminating  work.  It  helps  the  clini- 
cian and  then,  for  the  first  time  in  the  clini- 
cian's life,  he  wakens  up  to  the  fact  that  his 
physical  examination  has  its  limitations  just  as 
the  .r-ray  examination  has  its  limitations. 

But  this  method  of  Dr.  Evans'  impresses  on 
us  the  value  of  the  lateral  and  oblique  expo- 
sures of  the  root  of  the  lung,  and  possesses 
inestimable  value.  The  stereoscopic  plate  be- 
comes helpless  in  front  of  an  absolute  density. 
\\"e  cannot  stereoscope  heavy  densities — we  do 
not  stereoscope  the  heart,  but  they  must  be 
studied,  and  to  do  this  we  must  find  a  way. 
Dr.  Evans  has  shown  the  wav. 


A   SIMPLE   AND   PRACTICAL   METHOD   FOR   THE 
RAPID   HARDENING   OF   GAS  TUBES 

By  SIDNEY  H.  LE\'Y,  AI.D.,  and  HUBERT  MANX,  M.D. 
Roentgen  Ray  Department,  ^.lount  Sinai  Hospital 

XEW   YORK   CITY 


A  T  the  present  time  there  are  three  rec- 
^  ^  ognized  methods  of  hardening  gas 
tubes  which  have  become  too  soft  for  use: 

1.  Tubes  may  be  hardened  by  setting  them 
aside  and  allowing  them  to  rest  for  an  in- 
definite period. 

2.  Tubes  may  be  hardened  by  passing  a 
weak  current  through  them  for  several  min- 
utes, either  through  the  true  or  through  the 
accessory  anode.  The  current  must  pass 
through  the  tube  until  the  tube  is  hot. 

3.  Tubes  may  be  hardened  by  being  re- 
pumped  at  the  factory.  The  first  two  meth- 
ods are  time-consuming  and  unreliable:,  fail- 
ing completely  in  the  case  of  very  soft  tubes. 
The  third  method  is  time-consuming,  incon- 
venient and  expensive. 

The  possibility  of  hardening  .r-ray  tubes 
rapidly  and  conveniently  by  cooling  the  soft- 
ening device  with  an  ethyl-chloride  spray  or 
other  means  suggested  itself  on  theoretical 
grounds.  The  efficacy  of  the  method  has  been 
demonstrated  by  the  successful  hardening  of 
twenty-five  different  gas  tubes.  Up  to  the 
time   of   publication   fifty   tubes   have   been 


succes fully  hardened.  After  a  short  discus- 
sion of  theoretical  considerations  we  shall 
give  in  detail  our  practical  methods  and 
results. 

THEORETICAL   COXSIDERATIOXS 

The  fact  that  gas  tubes  become  harder  on 
standing  suggests  the  occurrence  of  con- 
densation and  absorption  or  adsorption  of 
gas  bv  the  tube  wall,  anode  or  softening  de- 
vice, and  particularly  the  condensation  and 
absorption  of  water  vapor.  The  experimental 
work  which  resulted  in  the  production  of 
high-vacuum  Coolidge  tubes  taught  us  that 
the  orditiary  low-vacuum  tube  contains  a  con- 
siderable amount  of  water  vapor.  The  con- 
struction of  the  ordinary  softening  device, 
which  consists  of  some  hygroscopic  material, 
such  as  asbestos  packing  so  placed  that  it  can 
be  heated  bv  the  electric  current,  leads  us  to 
believe  that  the  softening  of  the  tube  con- 
sists generally  in  the  liberation  of  water 
vapor  and  that  the  hardening  which  takes 
place  on  standing  is  mainly  due  to  the  re- 
sorption of  the  water  vapor  previously  lib- 
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erated.  While  the  condition  of  the  tube  wall 
and  that  of  the  anode  and  cathode  are  un- 
doubtedly factors  in  the  state  of  hardness  of 
the  tube,  it  is  probable  that  most  of  the  re- 
sorption takes  place  in  the  softening  device 
which,  because  of  its  relatively  large  surface 
and  hygroscopic  character,  is  best  adapted 
for  this  function. 

The  avidity  with  which  finely  divided  sub- 
stances, such  as  animal  charcoal,  absorb 
gases  when  cooled  to  a  very  low  tempera- 
ture, as  by  lif|uid  air,  suggests  the  possibility 
of  hastening  the  resorption  of  gas  or  water 
vapor  in  a  gas  tube  by  cooling  the  softening 
device.  The  rapid  fall  in  vajior  tension  of 
water  with  fall  of  temperature  suggests  that 
the  use  of  even  a  mild  cooling  device,  such 
as  the  eth}-l-chloride  spray,  will  be  fairly 
efficacious  in  causing  condensation  or  in- 
creased concentration  of  water  vapor  in  the 
cool  part  of  the  tube  and  hence  increased 
resorption  and  consefpiently  increased  ex- 
haustion or  hardness.  These  theoretical  con- 
siderations are  borne  out  by  the  practical 
results  which  follow. 

PRACTICAL  METHOD  AND  RESULTS 

The  actual  method  of  hardening  the  tube 
is  as  follows: 

1.  Current  is  passed  through  the  tube 
until  it  becomes  fairly  hot. 

2.  The  softening  device  of  the  x-ray  tube 
is  sprayed  slowly  with  ethyl-chloride.  From 
thirty  to  fifty  grams  is  generally  sufficient, 
and  during  the  spraying  a  coating  of  snow 
and  ice  should  collect  on  the  glass  bulb  of  the 
softening  device.  It  is  advisable  to  protect 
the  bulb  of  the  tube  with  a  towel,  exposing 
only  the  chamber  containing  the  softening 
device.  A  thin  layer  of  absorbent  cotton  held 
down  by  two  or  three  rubber  bands  placed 
around  the  tube  wall  containing  the  soften- 
ing device  facilitates  the  spraying  of  ethyl 
chloride.  By  this  method  none  of  the  ethyl 
chloride  is  wasted  or  lost  and  the  formation 
of  snow  and  ice  is  hastened. 

3.  Allow  the  tube  to  stand  five  minute. 
Dry  the  tube  thoroughly.  An  electric  fan 
aids  in  cooline:  the  softening:  device  durine: 


the  spraying,  and  also  later  in  drving  the 
chamber  containing  the  softening  device. 

4.  Reheat  the  tube  by  passing  the  current 
through  the  anticathode  or  accessory  anode. 
,\fter  this  procedure  it  is  generally  found 
that  the  tube  is  harder  than  before  and  be- 
comes progressively  harder  for  about 
twenty-four  to  forty-eight  hours.  Different 
tubes  vary  in  the  ease  with  which  they  are 
hardened ;  some  require  only  one  treatment 
and  others  several  repetitions  of  the  treat- 
ment. Once  the  spark-gap  has  begun  to  in- 
crease it  is  easy  to  increase  the  hardness  of 
the  tube  to  any  desired  degree  by  repetition 
of  the  above  treatment. 

On  the  following  page  will  be  found  a 
table  containing  a  list  of  twenty-five  tubes 
rehardened  by  this  method. 

SUMMARV 

As  a  result  of  our  experiments  with 
twenty-five  gas  tubes  of  several  different 
tvpes,  we  wish  to  emphasize  several  points 
which  will  be  useful  to  any  one  employing 
this  procedure.  It  makes  very  little  differ- 
ence whether  the  asbestos  packing  in  the 
softening  device  is  in  direct  contact  with 
the  outer  glass  wall  or  is  contained  in  a  sep- 
arate tube.  In  general  older  and  more  highly 
seasoned  tubes  require  more  preliminary 
heating  and  respond  to  treatment  more 
slowly  than  do  newer  tubes.  The  reason  for 
this  is  that  the  tube  must  be  heated  suffici- 
entl}'  to  drive  particles  of  gas  from  the  metal 
parts  and  glass  wall  into  the  bulb  so  as  to 
allow  this  gas  to  be  absorbed  by  the  soften- 
ing material.  Several  treatments  ma}'  be 
necessary,  but  once  the  spark  gap  has  begun 
to  increase  it  is  a  simple  matter  to  attain 
anv  degree  of  desired  hardness.  Frequently 
it  will  be  found  that  tubes  will  show  almost 
no  change  immediately  after  treatment  but 
become  much  harder  from  one  to  twenty- 
four  hours  after.  If  at  the  end  of  twelve  to 
twenty- four  hours  the  tube  does  not  tend  to 
become  harder,  another  treatment  is  indi- 
cated. Tubes  hardened  by  this  method  will 
keep  their  vacuum  and  gap  indefinitely,  as 
shown  bv  their  dailv  use  in  the  .r-rav  labora- 
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tory  of  Mount  Sinai  Hospital,  New  York 
City.  The  tendency  of  these  tubes  upon 
standing  is  to  become  progressively  harder. 
We  have  not  had  experience  with  tubes 
containing  metallic  regulators  as  softening 
devices,  therefore  cannot  state  whether  this 
method  is  applicable  to  such  tubes.  Our  ex- 
perience has  been  limited  to  tubes  containing 
hygroscopic  material. 


COXCLUSION 

In  conclusion,  we  feel  that  both  theoretical 
considerations  and  practical  results  justify 
us  in  stating  that  gas  tubes  containing  some 
hygroscopic  material  such  as  asbestos  pack- 
ing can  be  hardened  rapidly  and  conveniently 
by  cooling  the  softening  device  by  an  ethyl- 
chloride  spray. 


TABLE  I 


SPARK  G.'\P 

SPARK  GAP 

SPARK  GAP  ONE 

24  HOURS 

48  HOURS 

SPARK  GAP  BEFORE 

HOUR  AFTER 

AFTER 

AFTER 

tub: 

E                       HARDENIXG 

H.\RDEXING 

HARDENING 

HARDENING 

REMARKS 

I 

Less  than  2  in. 

3  inches 

5 

inches 

7       inches 

Soft  since  1916 

2 

Less  than  2  in. 

Xo  change 

4 

inches 

■jYi  inches 

Soft  since  1916 

3 

Less  than  2  in. 

No  change 

6 

inches 

6       inches 

Soft  since  1916 

4 

Less  than  2  in. 

3  inches 

6 

inches 

63/2  inches 

5 

2  inches 

5  inches 

7 

inches 

7       inches 

Helium 
Accidentally 

6 

Less  than  2  in. 

4  inches 

7 

inches 

8      inches 

Softened.  Re- 
\     turned 
(    quickly 

7 

2  inches 

3  inches 

4 

inches 

5      inches 

Helium 

8 

^Less  than  2  in. 

Xo  change 

2Ya 

inches* 

5      inches 

9 

2  inches 

Xo  change 

AY2 

inches 

4Y2  inches 

lO 

Less  than  2  in. 

3  inches 

3/2 

inches 

5       inches 

II 

Less  than  2  in. 

4  inches 

5/2 

inches 

5^  inches 

(  Old  target. 
1  Focal  spot 
t-  cracked. 

12 

2j/2  inches 

zYz  inches 

5 

inches* 

7Y2  inches 

13 

Less  than  2  in. 

2  inches* 

6 

inches 

6      inches 

14 

Less  than  2  in. 

2'Y  inches 

5 

inches 

6      inches 

15 

2^4  inches 

Xo  change* 

4 

inches 

SYi  inches 

i6 

2Y4  inches 

4  inches 

7 

inches 

7      inches 

17 

4  inches 

5  inches 

5/2 

inches 

5J/2  inches 

i8 

5  inches 

SY2  inches 

dYi 

inches 

6Y2  inches 

19 

Less  than  2  in. 

2  inches 

4/2 

inches 

5      inches 

20 

Less  than  2  in. 

6  inches 

6/2 

inches 

6Y2  inches 

21 

Less  than  2  in. 

Xo  change* 

2 

inches* 

4       inches 

22 

2  inches 

X^o  change* 

3/2 

inches* 

7      inches 

23 

4I/2  inches 

55/2  inches 

tY2 

inches 

7Y2  inches 

24 

Less  than  2  in. 

Xo  change* 

Xo 

change* 

4Y2  inches 

25 

2Ya  inches 

2Ya  inches 
testing  tube. 

3/2 

inches 

6      inches 

*Denotes  re-spraying  after 

REMARKS   ON   THE   TECHNIQUE  OF   THE   ROENTGEN 
EXAMINATION   OF   THE   KIDNEYS 

By  W.  S.  LAWRENCE,  M.D. 

Instructor  in  Roentgenology,  University  of  Tennessee,  Knoxville 

MEMPHIS,    TENNESSEE 


^  I  "*  HE  technique  which  I  am  about  to  set 
■*■  forth  in  more  or  less  laborious  detail  is 
by  no  means  all  my  own.  if  indeed  I  can  lay 
claim  to  any  of  it.  It  is  mostly  patched  to- 
gether from  the  oft-repeated  suggestions  of 


that  can  be  achieved  when  this  work  is  done 
in  the  right  way.  * 

In  doing  kidney  work  our  chief  aim  should 
be  to  produce  plates  showing  the  whole  kid- 
ney outline  clearly,  unmistakably  and  with- 


FiG.   I.  Normal  Kidney — Right.  Xote  Calices  Uninjected. 


Others.  The  only  justification  for  the  use  of 
the  little  word  "my"  which  frequently  sets 
the  rest  of  us  on  edge,  is  a  certain  grouping 
of  the  essential  and  indispensable  factors  of 
success,  an  exacting  and  persistent  carrying 
out  of  every  detail,  together  with  full  knowl- 
edge of,  and  an  abiding  faith  in,  the  results 


out  the  aid  of  the  imagination.  Such  a  plate 
will  possess  the  maximum  of  diagnostic 
value  in  every  condition  for  which  we  are 
called  upon  to  examine  the  kidneys.  If  the 
kidney  substance  shows  clearly,  denser  sub- 
stances will  show  much  more  clearly. 

To  make  such  plates  with  uniformity  and 
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certainty  there  are  certain  points  of  tech- 
nicjue  which  are  absohitely  essential.  I  will 
mention  them  somewhat  in  the  order  of  their 
importance,  though  after  the  first,  there  is 
little  choice  as  to  which  should  be  placed 
second,  third  or  fourth  in  order  of  import- 
ance. Easily  of  first  importance  is  the  cjuality 
of  the  rav  used ;  second,  correct  and  adecjuate 


and  an  exposure  varying  from  four  to  eight 
seconds  depending  upon  the  size  of  the  pa- 
tient. The  time  only  is  varied. 

Second  in  importance  and  very  much  more 
difficult  to  obtain  are  proper  compression  of 
the  patient  and  correct  placing  of  the  com- 
pression cylinder.  For  accurac}^  and  ease  of 
manipulation  it  is  almost  essential  that  the 


Fig.   2.   Normal   Kidney   Outline — Left   Kidney. 


compression;  third,  preparation  of  the  pa- 
tient; fourth,  control,  real  control,  of  the  pa- 
tient's respiration. 

Kidney  plates  should  be  clear,  soft  and 
sharp,  suggesting  under-exposure  rather 
than  over-exposure.  No  black  should  any- 
where appear  on  the  plate.  Such  a  plate  can- 
not be  made  if  the  tube  is  excited  by  a  cur- 
rent of  high  voltage.  In  actual  practice  I  use 
^  3  to  3^  inch  spark  gap,  35  milliamperes. 


tube-stand  be  attached  to  the  table,  moving 
freely  and  easily  at  the  side.  With  this  type 
of  table  the  tube-stand  can  be  fixed  so  rigid 
that  there  is  no  possibility  of  any  movement 
of  the  patient  altering  the  position  or  angle 
of  the  tube.  It  is  cjuite  essential  that  the  end 
of  the  compression  cylinder  be  ec^uipped  with 
a  convex  aluminum  cap.  This  sinks  deep  into 
the  soft  parts  and  displaces  denser  material ; 
it  also  sometimes  forces  aside  gas  which  may 
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be  present  in  the  colon.  If  the  diameter  of 
the  cylinder  is  more  than  5  inches  at  a  dis- 
tance of  13  inches  from  the  target,  the  plate 
will  be  very  little  clearer  than  if  no  cylinder 
at  all  were  used. 

Again,  in  practice,  I  proceed  as  follows: 
The  patient's  knees  are  flexed.  An  8  by  10 
plate  is  placed  crosswise  under,  sav.  the  right 


raised.  The  cylinder  is  now  tilted  about  10  to 
25  degrees  to  point  up  under  the  ribs,  and 
fixed  in  this  position,  and  pushed  up  under 
the  ribs  as  far  toward  the  patient's  head  as 
he  will  allow,  and  fixed  in  this  position.  Fin- 
ally, the  tube  and  cylinder,  sliding  on  the 
horizontal  arm  of  the  tube-stand,  are  moved 
as  far  towards  the  right  as  the  patient  will 


Fig.  3.  XoRMAL  Kidney  Sh.\dow — Left. 


side,  so  that  its  lower  edge  is  about  even  with 
the  umbilicus.  The  tube  is  then  adjusted  over 
a  point  midway  between  the  umbilicus  ?nd 
the  ensiform  cartilage.  The  cylinder  is  then 
tilted  between  5°  and  10°,  so  as  to  point  to- 
ward the  right.  At  this  angle  it  is  lowered 
onto  the  patient  slightly  to  the  right  of  the 
median  line,  brought  down  with  a  fine  ad- 
justment device  as  tight  as  the  patient  w'U 
easily  allows  and  fixed  so  that  it  cannot  be 


allow,  and  fixed  in  this  position.  This  last 
movement  will  pull  the  ribs  over  to  a  con- 
siderable degree  and  it  is  necessary  to  in- 
struct the  patient  not  to  turn  toward  the 
right  side,  and  not  to  allow  his  back  to  slip 
on  the  table  with  an  inclination  to  follow  the 
movement  of  the  tube.  With  everything  fixed 
and  rigid,  the  exposure  is  made. 

While  the  preparation  of  the  patient  is 
important,  it  is  not  essential  in  every  case. 
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In  patients  who  are  not  constipated  or  sub- 
ject to  gas  formation  in  the  colon,  the  exam- 
ination may  be  made  successfully  without 
previous  preparation;  however,  it  is  best  in 
every  case,  when  circumstances  permit.  This 
preparation  consists  of  a  thorough  laxative 
the  night  before  and  an  enema,  as  nearly  as 
convenient,  immediately  preceding  the  exam- 


In  such  a  case  we  have  an  ample  bed  of 
perinephritic  fat  much  less  dense  than  the 
kidney  substance  and  supplying  the  contrast 
that  is  so  desirable.  For  this  reason  even 
large,  fat  patients  often  prove  easier  than 
small,  lean  ones.  But,  large  or  small,  fat  or 
lean,  the  kidney  outline  can  be  brought  out. 
It  has  been  customary  to  dismiss  the  point 


Fig.  4.  Kidney  Injected — Catheter  in  situ.  Note  the  Blurring 
Effect  of  Incomplete  Respiratory  Control. 


ination.  The  importance  of  this  cannot  be  too 
strongly  emphasized  in  many  cases.  The  kid- 
ney outline  cannot  be  clearly  brought  out  if 
there  is  a  big  gas  pocket  in  the  colon  imme- 
diately over  it. 

In  this  connection  a  word  as  to  the  kind 
of  patient  who  is  most  favorable  for  this 
work  might  not  be  amiss.  The  most  favor- 
able type  is  the  rather  fat,  small  individual. 


of  the  patient's  respiration  simply  by  say- 
ing, "instruct  the  patient  to  hold  his  breath 
during  the  exposure."  If  the  doing  were  as 
easy  as  the  saying,  it  would  need  no  further 
comment,  but  it  is  not.  Many  patients  find  it 
c[uite  difficult  to  stop  breathing  entirely,  even 
for  five  or  six  seconds.  Many  think  that  they 
are  holding  their  breath  when  they  are  not. 
Place  a  mirror  on  the  abdomen  of  such  a 
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patient,  and  while  he  is  trying  to  hold  his 
breath  the  reflection  from  the  mirror  will 
continue  to  sweep  back  and  forth  upon  the 
ceiling.  Such  patients  need  instruction  in 
holding  the  breath  and  close  watching  during 
the  exposure. 

The  kidneys  move  more  than  we  realize 


during  respiration.  This  movement  is  from 
one-half  to  one  and  a  half  inches.  A  move- 
ment of  only  one-quarter  inch  will  convert 
the  shadow  of  a  round  stone  into  a  long  one, 
cause  us  to  miss  a  small  stone  entirelv,  and 
completely  obliterate  any  well-defined  kidney 
outline. 


Fig.  5.   Kidney   Outline,   with   Stone  in   Lower     Poll.   Catheter  in  situ.   Note  the  Sharpness  of 
THE  Catheter  Shadow,  Indicating  Complete  Respiratory  Control. 


SUBPHRENIC  PNEUMOPERITONEUM* 


Produced  by  Ixtra-uterixe  Ixsufflatiox  of  Oxygen  as  a  Test  of  Patency  of  the 
Fallopian  Tubes  in  Sterility  and  in  Allied  Gynecological  Conditions 

By  I.  C.  RUBIN,  ^I.D.,  F.A.C.S. 

NEW    YORK   CITY 


'  I  ""HE  production  of  pneiimoperitoneuni 
-■-  by  the  method  of  insufflating  the 
uterus  \Yith  oxygen  is  intended  to  serYe  the 
specific  purpose  of  testing  the  patency  of 
Fallopian  tubes.  When  the  tubes  are  patent 
the  gas  passes  into  the  peritoneal  caYity,  es- 
tablishing an  artificial  pneumoperitoneum. 
This  is  detected  by  fluoroscopic  examina- 
tion. When  occluded,  the  gas  fails  to  reach 
the  peritoneal  caYity.  In  this  failure  to  es- 
tablish a  pneumoperitoneum  1)y  the  uterine 
route  is  furnished  a  fact  of  diagnostic  Yalue 
important  particularly  in  the  problem  of  the 
sterile  woman. 

Comparison  of  the  Ahdoniiiial  and  Uter- 
ine Method  of  Prodneing  Pnenmoperi- 
toneuni. — This  method  cannot  enter  into 
competition  \Yith  the  production  of  pneumo- 
peritoneum by  abdominal  puncture  because 
of  certain  natural  and  pathological  limita- 
tions. I.'  It  is  obYiously  limited  to  women. 
2.  It  is  not  applicable  to  all  women,  par- 
ticularly the  unmarried.  Conditions  such  as 
pregnancY,  menstruation  and  pehic  inflam- 
mation contraindicate  for  the  time  being  its 
use.  The  method  by  abdominal  puncture 
maY  be  employed  in  the  presence  of  nearly 
all  these  conditions  without  regard  to  uter- 
ine function.  In  cases  where  the  uterus  may 
be  properly  insufflated  and  the  tubes  are 
patent,  it  is  of  course  possible  to  fill  the 
peritoneal  caYit>'  with  any  desirable  cpan- 
titY  of  oxygen,  in  which  case  it  may  also 
serYe  as  an  aid  in  general  abdominal  diag- 
nosis. This  I  haYe  done  in  scYeral  cases  at 
the  request  of  colleagues  in  the  medical  and 
surgical  serYices  of  Alt.  Sinai  Hospital.  It 
maY  ouIy  be  mentioned  here  that  it  can  be 
done  YcrY  simply  without  occasioning  any 
appreciable  sense  of  discomfort  to  the  pa- 

*Read  at  the  Twenty-first  .^nnual  Meeting  of  The  .\merican  Roextgen    Ray   Society,   Minneapolis,   Minn 
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tient  and  inYoh'es  no  special  surgical  expe- 
rience. It  is  not. my  purpose  to  adYOcate  it 
either  to  substitute  or  to  supplant  the  ab- 
dominal puncture  method  for  general  ab- 
dominal diagnosis.  I  am  interested  chiefly 
and  practically  in  the  aid  it  may  render  in 
clearing  up  the  etiolc:)gy  of  sterility  in 
women. 

In  the  problem  of  sterility  a  negatiYe  re- 
sult is  of  ecjual  importance  with  a  positive 
result.  Both  prognosis  and  therapy  depend 
upon  whether  Fallopian  tubes  in  any  given 
case  of  sterility  are  open  or  closed.  I  have 
elsewhere^  pointed  out  that  if  we  could 
demonstrate  beforehand  that  the  tubes  are 
occluded  a  great  many  operations  on  the  cer- 
vix of  the  uterus  would  not  be  undertaken. 
Instead  of  operating  in  such  case  upon  the 
lower  end  of  the  uterus  with  a  fruitless  re- 
sult, the  patient  remaining  sterile  and  hop- 
ing against  hope  of  becoming  a  mother, 
proper  therapy  would  consist  in  immediately 
opening  the  abdomen  with  the  object  of 
freeing  the  tubes  and  doing  some  adequate 
plastic  operation.  Such  operations  have  not 
infrequently  resulted  in  curing  sterility. 
Wliether  or  not  this  type  of  operation  is 
consented  to,  we  are  at  least  in  the  position 
to  tell  the  patient  from  the  very  outset  what 
her  chances  are  for  becoming  a  mother. 
■Much  time  may  be  saved  for  those  women 
who  would  gladly  submit  to  a  corrective 
operation  at  the  very  beginning  were  we  in  a 
positicm  to  locate  the  obstacle  to  conception 
at  the  true  portion  of  the  genital  canal. 

A  word  as  to  the  limitation  of  the  ahdoni- 

'^Jonnial  American  Medical  Association,  Sept.  4, 
1020.  Paper  read  before  the  Section  of  Obstetrics 
and  Gynecology  at  the  seventy-first  session  of  the 
American  Medical  Association. 

Sept.    14-17,    1920. 
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iiial  puncture  fuetlwd  and  its  ability  to  dem- 
onstrate patency  or  occlusion  of  the  tubes. 
It  has  been  possible  to  outHne  the  uterus, 
tubes  and  ovaries,  inckisive  of  tumors  of 
these  organs  and  inflammatory  conditions  in 
the  pelvis,  bv  forcing  the  ox\'gen  through 
the  abdominal  puncture  into  the  pelvis  in 
the  extreme  Trendelenburg  posture.  In  a 
very  limited  number  of  instances  one  may 
be  fortunate  enough  to  succeed  by  this 
method  in  demonstrating  the  fimbriated  end 
of  both  tu1)es  distinct  from  the  ovaries  and 
the  uterus.  In  the  abscence  of  adhesions  one 
might  assume  them  to  be  normal.  In  the 
presence  of  tumor  masses  it  is  not  so  easy  to 
distinguish  between  the  tube  and  ovaries, 
nor  are  we  always  fortunate  enough  in 
separating  the  shadows  of  distorted  and  dis- 
located tubes  from  adherent  and  overlying 
ovarian  timiors,  or  from  pehic  abscesses 
and  tumors  of  the  uterus.  One  need  but  re- 
call in  this  connection  the  difficulty  of  dis- 
tinguishing structures  in  pelvic  inflamma- 
tions w^ien  the  abdomen  is  opened.  Also  the 
demonstration  of  bilateral  masses  by  the 
shadowgram  does  not  preclude  actual  pat- 
ency of  one  or  both  tubes.  It  is  absolutely 
possible  to  determine  this  fact  by  the  method 
of  intra-uterine  insufflation  of  oxygen.  I 
have  on  several  occasions  been  able  to  dem- 
onstrate patency  of  the  tubes  in  the  presence 
of  bilateral  adnexal  masses  and  at  the  same 
time  establish  that  the  lesion  involved  the 
ovaries  alone.  If  in  the  presence  of  pelvic 
masses  the  gas  fails  to  produce  a  pneumo- 
peiitoneum  it  may  be  safely  concluded  that 
the  tubes  are  diseased  and  occluded  at  some 
point  of  their  lumen. 

Whether  or  not  gross  lesions  in  the  pelvis 
may  be  more  accurately  outlined  and  inter- 
preted by  pneumoroentgenograms  than  by 
physical  examination,  the  matter  of  patency 
or  non-patency  is  specifically  established  by 
the  patency  of  the  tubes  to  oxygen.  This 
point  has  hitherto  been  a  matter  of  clinical 
speculation  defying  the  skill  of  the  expert 
in  physical  examination.  The  only  way  by 
which  this  fact  could  formerly  be  established 
was  by  actual  laparotomy  with  inspection  of 


the  tubes,  palpation,  probing  them  with  a 
sound  and  inflating  them  from  the  fimbri- 
ated end,  a  practice  advocated  notably  by 
English  gynecologists. 

The  value  of  the  method  as  .a  practical 
test  in  cases  of  sterility  may  perhaps  be  il- 
lustrated by  the  following  two  cases". 

Case  I.  A  patient  married  three  years  and 
sterile ;  upon  pelvic  examination  she  was  ad- 
vised to  be  operated,  and  a  dilatation  of  the 
cervix,  curettage  and  stem  pessarv  insertion 
were  subsequently  performed.  Four  days 
following  this  operation  I  was  recpiested  to 
test  the  patenc}'  of  her  Fallopian  tubes.  The 
method  emplo}'ed  b)'  me  resulted  in  failure 
to  establish  a  pneumoperitoneiun.  Laparot- 
omy the  same  day  revealed  the  fact  that 
both  tubes  were  closed  at  the  fimbriated  end. 
They  were  only  slightly  distended,  their 
walls  were  flaccid  and  they  were  siU"rounded 
by  soft,  cobweb  adhesions — in  other  words 
an  old  standing  bilateral  hydrosalpinx.  The 
operation  on  the  cervix  in  this  case  was  cer- 
tainly fruitless  and  could  have  been  avoided 
by  a  preliminary  examination  with  oxygen. 

Case  II.  A  patient  married  five  years, 
sterile,  no  pelvic  lesion  demonstrable  to  ac- 
count for  the  sterility.  Insufflation  of  the 
uterus  with  oxygen  on  three  occasions  (with 
and  without  pressure  control )  failed  to  estab- 
lish a  pneumoperitoneum.  She  was  advised 
to  have  a  laparotomy  performed  in  the  en- 
deavor to  remedy  the  occlusion.  This  advice 
she  apparently  did  not  heed  because  some 
months  later  she  had  a  curettage  and  Dudley 
operation,  following  the  advice  of  a  physi- 
cian who  assured  her  that  to  become  a 
mother  all  she  needed  was  to  have  her  womb 
"stretched."  The  lesion  in  her  case  could  not 
have  been  very  pronounced  at  any  time, 
eluding  detection  by  the  palpating  finger,  be- 
cause the  operation  was  performed  by  a 
gynecologist  of  considerable  experience  and 
one  who  must  have  concurred  in  the  opinion 
of  the  general  practitioner. 

Safety  of  the  Method  and  Advantages 
Over  Exploratory   Laparotomy. — Notwith- 
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standing  theoretical  objections,  all  of  which 
I  have  carefully  considered  in  first  contem- 
plating the  method,  it  has  proved  in  my 
hands  an  absoluteh*  safe  procedure.  Thus 
far  I  have  had  occasion  to  employ  the 
method  in  150  cases.  As  some  of  the  cases 
were  re-examined  for  purposes  of  corrobor- 
ation, the  total  number  of  examinations 
was  170.  In  no  case  was  there  any  evidence 
of  injury  or  of  infection.  The  cases  were  all 
observed  carefully  for  a  period  of  several 
months. 

Compared  to  an  exploratory  laparotomy 
for  the  specific  purpose  of  determining  the 
patency  of  Fallopian  tubes,  it  has  several 
superior  advantages,  not  the  least  of  which 
is  the  economic  advantage  of  saving  the  pa- 
tient from  the  usual  period  required  for 
post-operative  convalescence.  The  method 
may  be  employed  as  a  routine  measure  in 
one's  office  and  the  patient  loses  no  time  in 
laying  up,  has  none  of  the  discomforts  and 
morbidity  attendant  upon  a  laparotomy.  I 
am  not  discussing  the  question  of  mortality, 
assuming  that  that  is  practically  nil  in  ex- 
ploratory surgery.  The  method  proposed  by 
me  should  never  result  in  mortality.  The  one 
theoretical  possibility  of  fatality  resulting  is 
offered  by  the  occurrence  of  embolism.  This 
I  have  satisfied  myself,  by  experimentation 
upon  the  extirpated  uterus  and  in  the  living 
animal  bv  direct  intravenous  insufflation  of 
oxvP'en.  can  be  dismissed  from  practical 
consideration.  This  accident  and  that  of  in- 
fection have  not  occurred  in  my  series  of 
cases,  and  infection  should  never  occur 
when  the  procedure  is  adopted  in  properly 
selected  cases  and  for  the  specific  object  of 
testing  the  patency  of  Fallopian  tubes. 

Contraindications. — The  uterus  should 
not  be  insufflated  with  oxygen  in  the  pres- 
ence of  pus  pouring  down  from  the  cervix, 
in  the  presence  of  fever  caused  by  pelvic 
inflammation,  in  the  presence  of  acute  bar- 
tholinitis, urethritis  or  vaginitis.  It  is  not  ad- 
visable to  use  it  during  menstruation  or  any 
irregular  uterine  bleeding. 

Ideal  to  be  Sought  in  the  Use  of  the 
Method. — By  this  I  mean  that  w-e  should  be 
able  to  emplov  it  in  the  office  as  a  routine 


procedure  for  diagnosis  comparable  to 
cystoscopy  and  ureteral  catheterization,  oc- 
casioning no  more  and  possibly  less  pain  and 
discomfort  than  obtains  in  the  urological 
examination.  One  of  the  chief  aims  is  to 
make  the  method  tolerable  to  the  patient.  It 
should  not  require  the  use  of  an  anesthetic. 
So  far  I  have  not  had  to  resort  to  any.  It 
should  take  a  short  time,  a  minute  or  two, 
at  the  most  three.  It  should  be  follow-ed  by 
very  slight  symptoms  and  not  interfere  with 
the  daily  duties  and  usefulness  of  the  pa- 
tient. To  accomplish  this,  it  is  necessary  to 
produce  what  might  lie  called  a  miniature 
pneumoperitoneum  confined  in  the  erect 
posture  to  the  subphrenic  space.  The  small- 
est amount  of  oxygen  sufficient  to  show  dis- 
tinctly through  the  fluoroscope  should  be  in- 
jected. I  have  found  in  developing  the 
method  that  from  100  to  150  c.c.  of  oxygen 
suffice  to  establish  the  subphrenic  pneumo- 
peritoneum. The  most  favorable  time  for  the 
test  is  in  the  post-menstrual  stage,  in  the  in- 
terval of  apparent  functional  quiescence. 

Technique. — The  armamentorium  con- 
sists of  an  oxvgen  tank  connected  w'ith  a 
water  bottle,  the  rubber  stopper  of  which  is 
perforated  at  three  points  through  which 
bent  glass  connecting  tubes  pass.  (Fig.  i.) 
One  of  these  glass  tubes  is  connected  di- 
rectly with  the  oxygen  tank  and  dips  down 
below  the  water  level.  The  two  other  p-lass 
tubes  dip  down  one  or  two  inches  and  do  not 
reach  the  water  level.  One  of  these  is  at- 
tached by  rubber  tubing  to  a  mercurial 
manometer  and  the  other  is  attached  in  the 
same  way  to  the  metal  cannula.  This  metal 
cannula  is  of  the  Keyes-Ultzman  type  and  is 
perforated  at  the  tip  by  several  small  aper- 
tures. (Fig.  I.)  A  single  tenaculum  or  bullet 
forceps,  a  uterine  sound,  a  dressing  forceps 
and  bivalve  vaginal  speculum  complete  the 
apparatus.  A  rubber  urethral  tip  is  fitted 
over  the  metallic  cannula  to  a  point  i  ^  to  2 
inches  away  from  the  cannula  tip.^ 

^Recently  at  the  suggestion  of  my  friend  Dr.  E.  D. 
Oppenhcimer  I  have  adopted  a  simple  device  for 
measuring  the  voKime  of  the  gas  and  hope  to  de- 
scribe it  in  the  near  future.  It  is  made  by  courtesy  of 
\\'allace  &  Tiernan,  349  Broadway,  New  York  City. 
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The  voKime  of  gas  entering  the  uterus 
and  eventually  into  the  peritoneal  cavity 
may  be  measured  by  displacing  water  and 
taking  the  time — interval  measured  in  min- 
utes. The  average  amount  of  water  dis- 
placed should  not  exceed  250  c.c.  per  minute 
nor  be  less  than  50  c.c.  per  minute.  The  rate 
of  flow  determines  the  pressure.  The  rapid- 
itv  with  which  this  rises  I  have  found  to  be 
best  limited  to  a  10:15  second  interval  for 
100  millimeters  mercury.  At  this  rate  from 
approximately  250  to  150  c.c.  of  oxygen  is 
released  per  minute.  This  is  determined  pre- 
viously by  pinching  the  rubber  tubing  with 
the  needle  valve  shut,  allowing  the  gas  to 
pass  through  at  the  rate  fixed  by  the  water 
displacement.  With  the  gas  flowing  at  this 
rate  it  may  now  be  introduced  into  the 
uterus.  The  cervix  is  wiped  clean  and 
painted  with  iodine.  A  single  tenaculum 
hook  grasps  the  anterior  lip.  The  cannula  is 
introduced  into  the  uterus  well  alcove  the  in- 
ternal OS  and  the  urethral  rubber  tip  is 
pushed  well  into  the  external  os  so  as  to  ren- 
der it  air-tight.  The  gas  is  allowed  to  escape 
during  this  maneuver  through  the  needle- 
valve  release ;  the  pressure  is  therefore  at- 
mospheric. As  soon  as  the  cannula  is  well 
secured  within  the  uterus  the  needle  valve  is 
closed,  allowing  the  oxygen  to  be  insufflated 
within  the  uterus.  Almost  instantlv  the  pres- 
sure rises.  When  the  cannula  is  fixed  within 
the  uterus  the  patient  is  raised  in  slight 
Trendelenburg  position  and  the  vagina  is 
filled  partly  with  water  to  show  any  escap- 
ing gas  from  the  cervix.  This  is  not  always 
necessary  and  should  only  be  done  in  doubt- 
ful cases. 

Pressure  Reading  in  the  Case  of  Patent 
Tubes. — The  mercurial  pressure  rises  to  at 
least  40  mm.,  more  often  to  from  60  to  100, 
with  a  slight  momentary  fluctuation  possibly 
at  that  point,  when  it  drops  cjuite  sharply  20 
to  40  or  even  60  points,  which  latter  level  it 
maintains  more  or  less  until  the  cannula  is 
removed.  The  time  required  for  the  pressure 
to  reach  its  maximum  point  according  to 
the  recommendation  as  above  described  is 
usually  15  to  25  or  30  seconds.  The  rest  of 
the  time,  say  30  seconds  to  45  or  60  seconds, 


is  allowed  for  actual  inflow  into  the  peri- 
toneal cavity.^  This  will  depend  upon  the 
time  interval  recjuired  for  the  initial  rise  to 
the  maximum  on  the  one  hand  and  on  the 
other  upon  the  size  of  the  individual. 

If  the  individual  is  narrow-waisted  and 
thin  she  does  not  require  as  much  gas  to 
produce  the  subphrenic  pneumoperitoneum 
as  would   an  ample- waisted   patient.   These 


Fk;.  I.  'J"nK  APPARATUS  Assembled.  Note  the  Relief 
(Xeedle)  Valve.  This  relief  valve  may  be  at  any 
point  in  the  outlet  tube  in  case  the  tj'cos  type  of 
manometer  is  emploj'ed. 


matters  one  can  learn  to  gauge  after  some 
experience.  No  hard  and  fast  rule  can  be 
laid  down  for  these  variations.  At  most  they 
are  slight  and  offer  no  difficulty.  The  aver- 
age amount  of  oxygen  required  in  a  thin 
individual  is  from  75  to  100  c.c.  In  a  stout 
woman  it  is  well  to  use  from  150  to  250  c.c* 
Pressure  Reading  in  the  Case  of  the  Non- 

3The  siphon  meter  of  the  Wallace  &  Tiernan  type 
records   the   volume   passing   through   automatically. 

■^W'hen  CO;  is  employed  the  quantity  may  because 
of  its  rapid  absorption  exceed  these  figures  several 
fold. 


124 


Subphrenic  Pneumoperitoneum  by  Insufflation  of  Oxygen 


Patent  Tubes. — The  pressure  rises  steadily, 
reaching  200  within  30  to  45  or  60  seconds. 
The  pressure  should  not  be  allowed  to  ex- 
ceed 250.  It  is  maintained  at  between  200 
and  250  for  at  least  another  minute  if  pos- 
sil)le.  This  can  be  done  by  regulating  the 
needle  valve  to  permit  a  slight  escape  of  the 
gas.  In  my  experience  so  far  a  pressure  of 
200  or  mo-re,  provided  the  rate  of  flow  does 


Symptoms,  i.  During  the  Oxygen  Insuf- 
flation.— The  introduction  of  the  cannula  is 
attended  in  most  cases  with  slight  pain. 
Grasping  the  anterior  lip  of  the  cervix  by 
the  single  tenaculum  hook  is  noticed 
scarcely,  if  at  all,  by  the  patient.  The  actual 
insufflation  in  the  patent  cases  seldom  causes 
pain.  When  the  initial  pressure  exceeds  100 
the  patient  may  complain  of  a  sensation  of 


Fig.  2.  Subphrenic  Pneumoperitoneum.  250  c.c.  or 
Oxygen  Insufflated  throuc.h  the  Uterus  and 
FALLOPI.A.N  Tubes.  Diaphragm  distinct  on  the  right 
side;  not  visilile  on  the  left. 


not  exceed  250  c.c.  per  minute,  proves 
fairly  conclusively  the  presence  of  tubal  ob- 
struction. This  may  of  course  be  within  the 
uterus  itself,  the  blockade  being  at  the 
uterine  ostiae  of  the  tubes,  or  it  may  be  at 
any  point  along  their  lumen.  When  the  rate 
of  flow  exceeds  250  c.c.  per  minute  the 
initial  rise  may  occasionally  read  200  mm. 
or  more  before  the  gas  passes  into  the  Fallo- 
pian tubes  and  thence  into  the  peritoneal 
cavity.  The  physics  thus  expressed  is  only 
from  practical  tests.  Exact  computations 
have  as  vet  not  been  made. 


Fir,.  3.  Subphrenic  Pneumoperitoneum.  1500  c.c.  of 
Oxygen  Insufflated  through  the  Uterus  and 
Fallopian  Tubes.  Diaphragm  distinctly  visible  on 
right  and  left  sides.  Abdominal  viscera  displaced  to 
a  considerable  depth.  For  the  purpose  of  demon- 
strating patency  of  the  Fallopian  tubes  one-fifteenth 
of  this  amount  is  sutificient  and  satisfactory  in  the 
majority  of  cases. 


fullness  or  bearing  down  or  occasionally  she 
may  feel  as  if  she  were  unwell.  In  the  non- 
patent cases  with  the  pressure  rising  to  200, 
cramps  are  occasionally  complained  of,  now 
in  the  suprapubic  region  and  now  in  one  or 
both  sides.  Since  the  time  required  for  insuf- 
flation is  the  short  interval  of  one  or  two 
minutes,  practically  every  case  can  tolerate 
it.  I  have  had  practically  no  failure  due  to 
intolerance  during-  the  examination.  A  ner- 
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yous  patient  will  sometimes  defeat  the  com- 
pletion of  the  test,  but  even  she  can  l)e  reas- 
sured and  will  submit  to  it  at  another  time. 
That  will  happen  once  in  50  or  100  times. 

2.  After  the  Oxygen  Insufflation;  Fluor- 
oscopx.  In  the  Patent  Cases. — Inasmuch  as 
the  patient  is  instructed  to  stand  up  immedi- 
ately on  withdrawing  the  uterine  cannula, 
the  oxygen  gas  rises  almost  instantaneously 
to  the  region  of  the  diaphragm.  It  occupies 
the  sul)phrenic  space  for  a  depth  of  Vj  to  i 
inch  or  more  depending  upon  the  auKtunt 
insufflated.  (Fig.  2.)  Within  two  or  three 
minutes  if  not  sooner  (just  as  soon  as  the 
patient  can  be  set  up  before  the  fluoroscopic 
screen)  the  transparent  "gas"  area  may  be 
seen  under  the  diaphragm.  The  liver  on  the 
right  side  is  seen  displaced  in  a  downward 
direction.  Not  infrequently  the  gas  may  be 
localized  to  one  or  the  other  side,  but  as  a 
rule  the  diaphragm  may  be  seen  lifted  above 
the  underlying  abdominal  viscera  from  right 
to  left.  It  is  discernible  as  a  transverse  sep- 
tum and  is  unmistakable.  When  the  sul> 
phrenic  pneumoperitoneum  is  not  at  once 
visible  the  patient  is  instructed  to  lie  (jn  her 
right  or  left  side  for  a  few  minutes,  after 
which  the  gas  will  show  clearly  on  one  side 
or  the  other. 

It  is  not  necessary  for  the  purpose  of  test- 
ing the  paten-y  of  Fallopian  tubes  to  fill  the 
peritoneal  ca\'ity  with  a  large  volume  of  gas 
in  sufficient  quantity  to  "visualize"  the  ab- 
dominal viscera,  as  in  Figure  3.  The  symp- 
toms in  such  a  case  are  rather  distressing  and 
this  is  obviated  by  reducing  the  pneumo- 
peritoneum to  its  diminutive.  With  75  to 
100  c.c.  of  oxygen  under  the  diaphragm  the 
secondary  symptoms  are  almost  negligible. 
Slight  sticking  pains  between  the  shoulder- 
blades  or  in  the  shoulders  themselves  are 
noticed  by  the  patients.  There  is  no  abdom- 
inal distress,  and  if  at  all  present  it  amounts 
to  a  slight  sense  of  discomfort  about  the  dia- 
phragm. The  vast  majoritv  of  the  patients 
leave  the  office  and  continue  in  their  ordi- 
nary daily  routine.  Some  patients  may  re- 
quire to  lie  down  with  feet  elevated  for  a 
few  hours.  As,  according  to  Alvarez,  carbon 


Fir..  4.  A  BicoRxcATE  Uterus.  Thorium  injection. 
The  lulies  are  closed  liy  a  hgature  at  the  fimbriated 
end.  Xote  the  definite  ckibbed  outline  of  the  tube 
at  point  of  ligature  and  the  narrow  caliber  of  the 
intramural   portion. 

Fig.  5.  The  S.\me  Specimen'  as  ix  Figure  .1.  Skia- 
graphed  during  thorium  injection  with  the  ligature 
removed  allowing  the  solution  to  escape  throu.gh 
the  fimbria.  Xote  the  irregular  and  overlying 
shadows. 

Fig.  6.  Skiagraph  of  the  Same  Specimex  as  ix 
Figures  4  axd  5.  Oxygen  injection.  Xote  the  faint 
shadows  in  the  horns  of  the  uterus  and  the  absence 
of  anv  contrast  shadows  within  the  Fallopian  tubes. 
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dioxide  gas  is  more  rapidly  absorbed  than 
oxygen,  it  may  be  well  to  use  it  and  reduce 
the  secondary  symptoms  to  a  negligible 
minimum. 

Immediately  on  withdrawing  the  uterine 
cannula  there  may  be  a  slight  regurgitation 
of  oxygen  with  a  slight  oozing  of  several 
drops  of  blood  that  is  readily  checked  by  a 
sponge  applied  to  the  cervix.  It  is  negligible 
and  gives  no  further  trouble.   By  selecting 


in  the  non-patent  cases  to  check  up  the  find- 
ings at  the  first  examination.  With  the  ap- 
paratus properly  adjusted  in  each  case  the 
findings  will  be  found  to  corroborate  each 
other  at  the  second  test.  Occasionally,  how- 
ever, there  may  be  an  error  in  technique 
which  will  invalidate  the  conclusion.  Most 
scrupulous  attention  should  be  given  the 
possible  points  of  leakage  along  the  entire 
apparatus. 


Fig.  7.  Case  of  Ablated  Tubes;  Large  Uterus — 40      Fig.  8.  Same  Case  as  in  Figure  7.  40  c.c.  Thorium 
c.c.  OF  Oxygen  Injected  into  the  Uterine  Cavity.  Injected  into  the  Uterine  Cavity. 

This  is  seen  transversely  pear-shaped.  The  specu- 
him,  cannula   and  Thomas  pessary  are   also   seen. 


the  post-menstrual  period  for  the  test  one 
can  avoid  even  this  slight  oozing. 

In  the  Non-Patent  Cases. — Beyond  the 
temporary  discomfort  produced  by  the  in- 
sufflation there  are  no  further  symptoms. 
The  cramps  may  continue  for  a  minute  or 
two  or  perhaps  five  and  then  subside.  None 
of  the  referred  shoulder  pains  are  com- 
plained of  and  there  is  no  epigastric  oppres- 
sion. The  oozing  is  almost  as  slight  as  in  the 
case  of  patent  tubes;  the  oxygen  regurgita- 
tion may  be  more  evident.  The  non-patent 
tube  cases  are  perfectly  comfortable  after 
the  test  and  leave  the  office  to  go  about  their 
duties  as  freely  as  before. 

It  is  well  to  mention  here  that  I  have 
made  it  a  rule  to  repeat  the  test  at  least  once 


While  in  the  positively  patent  cases  there 
may  have  been  some  regurgitation,  never- 
theless when  this  occurs  and  the  gas  does 
not  enter  the  peritoneal  cavity  we  are  left  in 
doubt  and  must,  if  need  be,  repeat  the  test 
several  times.  If  regurgitation  takes  place 
each  time  it  is  highly  probable  that  there  is 
an  obstruction  within  the  uterus  which  is 
responsible  for  it.  On  the  other  hand,  oxy- 
gen may  escape  from  the  cervix  and  a  suf- 
ficient quantity  nevertheless  reach  the  peri- 
toneal cavit}'  as  may  be  determined  by  the 
fluoroscope. 

Anatomical  Consideration  in  Relation  to 
the  Test. — The  ideal  case  for  the  test  is  one 
in  which  there  is  no  thick  tenacious  plug 
present,  in  which  the  external  os  is  round 
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and  intact,  the  uterus  not  sharply  angulated. 
In  such  cases  the  cannula  (ordinary  size) 
enters  easily  and  obturation  is  more  perfect. 
When  the  uterus  is  sharply  flexed  forward 
or  backward  it  is  necessary  to  shape  the  can- 
nula accordingly  so  that  it  may  enter  the 
uterine  cavity  to  a  point  above  the  internal 
OS.  When  the  external  os  is  gaping  and  torn 
as  obtains  in  certain  cases  of  relative  or  sec- 
ondary sterility  it  may  be  necessary  to  se- 
cure better  obturation  by  grasping  the  two 
lips  of  the  cervix  with  a  bullet  forceps.  The 
internal  os.  however,  is  intact  even  in  these 
cases  and  as  the  cannula  is  introduced  be- 
yond it  the  ordinary  cannula  insures  satis- 
factory obturation.  A  mucus  plug  should  be 
cleaned  out  and  the  cervical  canal  painted 
w^ith  tincture  of  iodine. 

When  the  external  os  is  narrow  it  is 
necessary  to  use  a  cannula  of  correspond- 
ingly smaller  caliber  or  it  may  be  advisable 
first  to  dilate  it  gently  to  proper  width. 

Occasionally  obstruction  is  encountered 
near  the  internal  os.  Here  of  course  the  test 
cannot  be  carried  out.  This  is  an  incidental 
finding  which  has  particular  significance  in 
the  problem  of  sterility  for  that  given  pa- 
tient. In  such  case  it  is  first  advisable  to 
overcome  the  stenosis  by  proper  dilatation 
and  then  later  on  the  oxygen  insufflation 
may  be  tried.  I  have  had  two  such  cases  in 
my  series. 

Uterine  Insufflation  of  Oxygen  Compared 
to  Intranterine  Injection  of  Solutions 
Opaque  to  the  X-Ray  as  a  Test  of  Tubal 
Patency. — My  experience  with  the  injection 
of  solutions  opaque  to  the  .r-ray  included 
collargol,  thorium  and  bromide.  All  of  these 
are  useful  when  the  tubes  are  occluded. 
(Figs.  4  and  8.)  When  the  tubes  are  patent 
the  roentgenograms  are  not  uniformly  satis- 
factory because  the  solution  escapes  into  the 
peritoneal  cavity  and  not  enough  of  it  is  left 
to  show  in  the  tube  lumen.  (Fig.  5.)  Col- 
largol leaves  deposits  in  the  tubes  which  may 
or  may  not  be  absorbed.  Thorium  and  bro- 
mide in  solution  do  not  leave  precipitates. 
Peritoneal  irritation  by  chemical  action  with 
consequent  adhesions  is  a  possibility  to  be 


borne  in  mind.  Whether  or  not  this  may  be 
the  case,  an  objectionable  feature  to  the  use 
of  the  solutions  is  the  uterine  colic,  accom- 
panying and  following  the  injection.  Pa- 
tients do  not  tolerate  this  so  well.  In  this  one 
respect  the  oxygen  insufflation  has  a  particu- 
larly superior  advantage.  Any  residual  oxy- 
gen within  the  uterus  is  immediately  ex- 
pelled with  the  removal  of  the  cannula.  The 
other  advantage  of  no  less  importance  is 
that  the  oxygen  is  readily  absorbed  by  the 
tissues  and  does  not  leave  irritative  preci- 
pitates. Only  exceptionally  will  one  en- 
counter a  uterus  that  may  be  called  irritable 
to  the  oxygen.  It  is  more  apt  to  be  in  a  very 
nervous  woman.  In  my  experience  with  the 
oxygen  insufflation  I  have  succeeded  in  com- 
pleting the  test  in  every  case,  although  in 
two  instances  I  had  to  defer  the  test  for  an- 
other time  owing  to  apprehension  on  the 
part  of  the  patient.  It  is  conceivable  however 
that  in  cases  of  endometritis  and  perime- 
tritis of  more  recent  date  the  uterus  will  be 
tender  to  the  manipulation. 

Oxvgen  does  not  show  in  the  tubes  when 
patent.  In  the  anatomical  specimen  it  may 
show  very  faintly  in  the  skiagraph  (Fig.  6) 
when  the  tubes  are  ligated  at  the  fimbriated 
end  but  not  in  sufficient  density  to  appear  in 
the  living  subject  w'here  the  contrast  is  ob- 
literated by  neighboring  shadows,  etc.  Occa- 
sionally in  a  case  where  both  tubes  have  been 
removed  and  the  uterine  cavity  is  large,  hav- 
ing a  capacity  of  40  to  50  c.c,  one  may  suc- 
ceed in  getting  a  good  outline  picture  with 
oxygen.  I  have  had  one  such  result.  (Fig. 
7.)  Our  experience  in  attempting  to  demon- 
strate the  oxygen  in  uteri  during  the  injec- 
tion with  the  exception  of  this  one  case  has 
so  far  not  been  satisfactory  although  we 
have  not  made  a  persistent  effort  in  this 
direction. 

Conditions  in  which  the  Intra-uterine 
Oxygen  Insufflation  Method  Has  Been 
Found  Useful. — i.  Primary  and  absolute 
sterility  of  several  years'  duration  with  no 
jrross  lesions  ascertainable.  This  is  the  ideal 
group  for  the  test. 

2.   Sterility  of  long  standing  where  pelvic 
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masses  are  palpable  and  clinically  diagnos- 
ticated as  fibroids  or  "chronic  diseased  ad- 
nexa."  The  test  shows  whether  or  not  the 
tubes  are  open. 

3.  Cases  in  which  one  tube  was  removed 
for  inflammatory  disease  or  for  unilateral 
ectopic  to  determine  the  normality  of  the 
lumen  of  the  residual  tube. 

4.  Cases  in  which  there  is  a  history  of  an 
attack  of  appendicitis  with  peritonitis  in  the 
premarital  or  postmarital  state  to  exclude 
tubal  occlusion  by  a  residual  adhesive  peri- 
tonitis. 

5.  Cases  following  a  pelvic  exudate  or 
abscess  with  or  w^ithout  operation  and  where 
apparent  resolution  has  taken  place  and  vet 
sterility  is  complained  of. 

6.  To  test  the  pro1)ity  of  the  tubes  in 
cases  where  tubal  ligation  was  done  with 
the  object  of  permanent  sterilization. 

7.  To  test  the  continr.ity  of  the  genital 
canal  in  cases  where  the  conservative  opera- 
tion of  myomectomy,  single  or  multiple,  was 
done  in  the  hope  of  relieving  sterility. 

8.  To  test  the  result  of  plastic  operation 
on  the  tubes  in  cases  of  bilateral  salpin- 
gostomy. 

A  detailed  account  of  these  results  will 
be  taken  up  in  a  clinical  consideration  of  the 
problem  of  sterility. 

CONCLUSION 

The  method  of  intra-uterine  oxvgen  in- 
sufflation to  produce  an  artificial  pneumo- 
peritoneum establishes  the   fact  of  patencv 


or  occlusion  of  Fallopian  tubes.  Under 
manometric  and  volumetric  control  it  is  a 
scientific,  diagnostic  procedure  and  may  be 
employed  with  safety  to  determine  the  me- 
chanical factor  involved  in  the  etiology  of 
female  sterilitv.  For  this  purpose  it  obviates 
the  necessity  of  surgical  exploration  and  is 
s])ecific. 

As  the  fact  of  tubal  patency  is  in  most 
cases  i)rimarily  a  matter  for  speculation,  its 
scope  for  general  abdominal  diagnosis  as 
compared  to  that  offered  by  the  direct  ab- 
dominal puncture  metohd  is  necessarily  lim- 
ited. In  cases  where  the  tubes  are  patent, 
however,  a  pneumoperitoneum  of  any  size 
ma}"  be  produced  by  the  uterine  route. 

For  the  definite  object  of  establishing 
tubal  patency  by  intra-uterine  insufflation, 
only  a  diminutive  amount  of  gas  is  neces- 
sary because  the  result  desired  is  to  produce 
a  localized  subphrenic  pneumoperitoneum 
which  shall  be  followed  by  scant  if  any 
symptoms.  The  vast  majority  of  the  patients 
tolerate  this  method  very  well  and  it  may  be 
employed  as  a  routine  office  procedure.  The 
use  of  carbon  dioxide  instead  of  oxygen  will 
diminish  the  symptoms  following  insuffla- 
tion almost  to  a  vanishing  point.  It  is  well 
however  to  bear  in  mind  the  primary  object 
of  the  test  and  to  apply  it  only  in  cases 
properly  suited  for  its  use.  In  these  it  has 
proved  of  great  diagnostic  and  prognostic 
value. 

In  150  cases,  with  a  t6tal  of  170  examina- 
tions, there  haA'e  been  no  imtoward  sequelae. 
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'  I  **  HE  wider  use  of  pneumoperitoneum  as 
"*■  an  aid  to  radiological  diagnosis  of  ab- 
dominal conditions  is  fast  bringing  the  sub- 
ject from  the  stage  of  generalities  to  that  of 
more  special  methods  of  examination. 

The  number  of  experiences  encountered, 
even  in  the  fifty  pathological  cases  which  we 
have  had.  is  so  large  that  it  would  seem 
more  advisable  and  probably  be  more  profit- 


the  lower  right  quadrant  of  the  abdomen. 
The  case  was  the  occasion  of  some  dispute 
among  the  staff,  as  to  whether  the  mass  was 
attached  to  the  kidney  or  not,  and  a  pneumo- 
peritoneum examination  was  made  to  try  to 
determine  its  origin.  By  the  ordinary  an- 
tero-posterior  plate,  it  was  found  that  the 
mass  was  entirely  free  from  both  kidneys, 
and  that  it  extended  downward  to  the  pelvis 


Fig.  I.  Retroperitoxeal  Position.  Patient  Prone.  Chest  and  thighs  supported  on  two  Mocks,  allowing 
the  abdominal  wall  to  sag  freely  without  pressure. 


able  to  consider  one  of  the  groups  into  which 
these  cases  fall  rather  than  to  undertake  a 
discussion  of  the  subject  in  general.  I  shall, 
therefore,  confine  this  paper  to  one  of  the 
groups  of  cases  in  which  we  have  found  this 
method  of  great  aid;  I  refer  to  the  detection 
of  retroperitoneal  masses. 

Early  in  our  experience  with  pneumoperi- 
toneum, we  encountered  a  case  which  proved 
to  be  of  great  value  to  us  in  developing  a 
technique  for  the  detection  of  retroperitoneal 
masses.  I  shall  outHne  the  case,  as  it  pre- 
sented itself.  B.  C,  a  well  developed,  colored 
male,  age  twenty-six,  presented  himself,  with 
a  slightly  tender,  very  hard,  smooth  mass  in 


and  across  the  midline,  causing  nearly  as 
large  a  mass,  as  yet  undiscovered,  on  the  left 
side.  In  an  effort  to  determine  the  relation 
of  this  mass  to  the  ureter  an  injection  of 
thorium  was  made  into  the  kidney  pelvis 
and  a  [)late  was  made  showing  the  smooth 
gentle  curve  of  the  ureter.  A  second  plate 
was  then  made  while  exerting  upward  and 
inward  pressure  on  the  mass  with  a  cone, 
and  the  radiograph  showed  a  distinct  kink- 
ing of  the  ureter,  suggesting  that  the  mass 
was  retroperitoneal  and  that  the  ureter 
passed  anterior  to  it.  Destruction  of  the 
bodies  of  the  4th  and  5th  lumbar  was  noted, 
and  the  possibility  of  the  mass  being  a  tuber- 
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cular  abscess  was  at  once  considered.  In  an 
effort  to  demonstrate  the  origin  of  the  mass 
more  clearly,  the  patient  was  examined  in  a 
prone  position  (Fig-,  i).  chest  and  thighs 
supported  on  two  l^locks  taking  all  pressure 


leaving  a  clear  space  between  them  and  the 
retroperitoneal  structures.  The  liver  is  at- 
tached by  the  triangular  ligament  to  the  dia- 
phragm, and  drops  forward  also,  to  a  greater 
or  lesser  extent  in  different  individuals  ac- 


FiG.  2.  Psoas  Abscess  Shown  in  the  Retruperitoneal  Position-  Encroaching 
UPON  the  Praevertebr.vl  Clear  Space. 


off'  the  abdomen  and  allowing  the  anterior 
abdominal  wall  to  sag  freely  between  the  two 
supports.  The  retroperitoneal  character  of 
the  mass  and  its  complete  separation  from 
the  kidne}S  was  then  clearly  shown  (Fig.  2), 
and  since  the  mass  originated  in  the  area  of 
destruction  of  the  lumbar  spine,  the  diagno- 
sis of  psoas  abscess  was  made,  which  was 
confirmed  by  subsequent  developments. 

Since  this  prone  position  demonstrated  the 
retroperitoneal  origin  of  the  tumor  mass  so 
clearly  in  this  case,  it  was  not  long  before 
we  made  a  closer  examination  of  its  possi- 
bilities in  other  cases.  A  moment's  consid- 
eration of  the  anatomical  arrangement  in 
this  position  may  serve  better  to  illustrate 
the  cases  which  are  to  follow.  (Fig.  3.)  It 
will  be  noted  that  if  the  patient  is  suspended 
on  two  blocks,  so  as  to  take  all  pressure  off' 
the  abdomen,  the  belly  wall  will  sag  down 
and  all  of  the  intra-abdominal  organs  with 
mesenteric    attachments    will    fall    forward 


Fig.  3.  The  Patient,  PkEviorsLV  Overiustenpep,  is 
Supporter  upon  Two  Blocks,  allowing  the  anterior 
abdominal  wall  to  sag  down  freeh-.  The  intestines 
and  all  organs  with  mesenteric  attachment  have 
fallen  forward,  leaving  a  praevertebral  clear  space. 
Any  retroperitoneal  mass  will  encroach  upon  this 
clear  space. 

cording  to  the  location  of  this  attachment, 
forming  a  triangular  .shadow  with  the  apex 
at  the  diaphragmatic  attachment.  If  the  indi- 
vidual is  normal  this  space  should  be  clear;  if 
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a  retroperitoneal  mass  is  present,  this  space 
is  encroached  ni)on.  Fi,e;-ure  4  shows  in  a 
gross  way  the  ajjpearance  of  a  normal  indi- 
vidual in  the  retroperitoneal  position.  Note 
that  the  intestines  and  all  structures  with 
mesenteric  attachment  have  fallen  forward 
and  that  the  prevertel)ral  space  is  clear  and 


J.  M.,  white,  male,  age  thirty-two,  pre- 
sents on  examination  a  large  tumor  mass  on 
the  left  upper  abdomen;  not  painful  and 
moving  only  slightly,  if  at  all,  with  respira- 
tion. On  inflation  the  mass  was  seen  to  have 
no  connection  with  the  anterior  abdominal 
wall,  although  it  did  protrude  well  forward 


Fig.  4.  Radiogr.xph  of  a  N'ormal  Ixiuvihu.vl  ix  the  Retropeuitoxe.m.  Position.  Intestines  and  organs 
with  mesenteric  attachment  have  fallen  forward,  leaving  clear  praevertebral  area.  Encroachment 
upon  this  space  !)y  a  mass  originating  in  the  retroperitoneal  tissues  can  be  clearly  seen. 


Fig.  5.  New  Growth  of  Left  Kiuxev  Seex  ix  the  Ivetroi'Eritoxe.\l  Positiox  to  Excro.xch  upon  the 

Pr,\evertebr,\l  Cle.\r  Sp.vce. 


not  encroached  upon.   The  liver  shadow  is  and   was   represented   by   a   shadow   in   the 

seen  with  its  diaphragmatic  attachments.  middle  of  the  al^domen.  An  antero-posterior 

To  illustrate  the  value  of  this  position  let  examination  revealed  the  extent  of  the  mass 

us  proceed  to  the  second  case.  to   be   even   greater   than    supposed    and   it 
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seemed  to  go  down  into  the  pelvis.  The  liver 
was  shown  to  be  uninvolved. 

An  examination  in  the  lateral  position 
showed  the  spleen  clearly  separated  from  tlie 
mass  but  the  left  kidney  could  not  be  defin- 
itely outlined.  In  an  effort  to  determine 
whether  the  left  kidnev  was  involved  in  the 


sition  with  Figure  5  as  a  result.  The  intes- 
tines, stomach  and  all  organs  with  mesenteric 
attachment  have  fallen  forward.  The  liver 
has  dropped  exceptionally  far  forward  and 
the  only  organ  which  still  remains  in  place  is 
the  spleen,  which  i)robably  is  adherent  some- 
what to  the  diaphragm,  and  which  may  also 


Fig.    6.    (.-Ihovr)    Pkrixei  iiumc    Arscess    Sho\vi\(.  I)ii-ii  se  rather  E.\tensive  Encroachment  of 

THE  Mass  upon  the  Praevertebral  Space. 
Fig.  7.  (Beloz^<)  Large  Sarcoma  of  Kidney  Shown  in  the  Retroperitoneal  Position  to  Encroach 
UPON  THE  Praevertebral  Clear  Space  to  a  very  Considerable  Degree. 


mass,  the  ureters  were  catheterized  and  20 
c.c.  of  thorium  nitrate  injected  with  the  re- 
sult that  nothing  more  than  a  misshai^ed 
shadow  appeared  within  the  tumor  mass. 

To  rule  out  a  possible  origin  from  the 
large  bowel,  a  barium  enema  was  given.  The 
colon  was  perfectly  normal  and  encircled  the 
tumor  without  in  any  way  being  attached  to 
or  compressed  by  the  mass.  Lastly,  as  a  final 
step  in  the  pneumoperitoneal  examination, 
the  patient  was  put  in  the  retroperitoneal  po- 


have  Ijeen  prevented  from  displacement  by 
the  shelf-like  projection  of  the  mass.  The 
mass  itself  can  be  seen  taking  origin  among 
the  retroperitoneal  tissues  and  extending 
forward  to  encroach  upon  the  prevertebral 
space.  Diagnosis  of  a  new  growth  involving 
left  kidney  was  made. 

iV  third  instance  illustrating  the  advantage 
of  this  position  will  be  seen  in  the  case  of 
M.  S.,  white,  female,  age  thirty-three,  who 
presented  on  examination  a  palpable  mass  in 
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the  right  lower  abdomen  which  was  very  ten- 
der both  on  abdominal  palpation  and  over 
the  back,  and  was  thought  to  be  a  movable 
kidney.  Pneumoperitoneum  examination  re- 
vealed a  diffuse,  hazy  mass  on  the  right  side 
below  the  liver  and  widely  separated  from  it. 
Examination  in  the  retroperitoneal  position 


inal  tumor  occupying  the  entire  left  side  of 
his  abdomen,  innumerable  small  nodules  un- 
der the  skin  all  over  the  body.  The  abdom- 
inal mass  seemed  to  move  slightly  with  res- 
piration and  on  first  examination  was 
thought  to  be  the  spleen.  Antero-posterior 
view  made  by  the  aid  of  pneumoperitoneum 


Fig.  8.  Retroperitoneal  Carcinoma  Secondary  to  Carcinoma  01  thk  Ki  mhik  >i  i  \  1~xcroaching 
UPON  THE  Praevertehral  Space.  Note  the  slightly  rotated  position  necessary  when  dealing  with 
retroperitoneal  masses  in  the  pelvis. 


was  made  (Fig.  6)  and  a  rather  extensive 
obscurity  of  the  retroperitoneal  tissues  was 
seen.  The  liver  and  all  organs  with  mesen- 
teric attachment  have  fallen  forward,  but 
the  spleen  is  adherent  and  seen  in  its  posi- 
tion in  contact  with  the  diaphragm.  The 
mass  encroaches  upon  the  prevertebral  space 
but  seems  to  be  more  diffuse.  Psoas  abscess 
was  considered  but  no  carious  vertebrae 
could  be  found.  Tumor  of  the  kidney  was 
thought  of,  but  a  plate  showing  clearly  the 
kidney  outlines  was  obtained  and  the  radi- 
ological diagnosis  was  a  probable  peri- 
nephritic  abscess.  Operation  confirmed  this 
diagnosis. 

The  fourth  case  in  the  study  of  this 
method  of  examination,  was  likewise  very 
interesting.  J.  V.,  colored,  male,  age  nine- 
teen, presented  besides  an  enormous  abdom- 


at  once  showed  the  extent  of  the  mass  and 
showed  its  separation  from  the  spleen.  The 
lateral  view  also  showed  the  mass  to  be  very 
extensive,  with  areas  of  irregular  density 
and  an  oval,  more  or  less  smooth  outlined 
mass  at  the  top.  A  small  stringy-like  shadow 
resembling  the  kidney  pelvis  was  seen  in  the 
midst  of  the  mass  and  on  looking  up  the  rec- 
ords of  the  case  it  was  found  that  ten  months 
previously  there  had  been  an  injection  of  his 
kidney  pelvis  made  with  thorium  nitrate.  In 
this  plate  his  kidney  outline  showed  also  very 
well,  but  since  his  complaint  was  the  same  it 
is  quite  probable  that  this  was  at  the  incep- 
tion of  his  disease.  The  diagnosis  was  not 
made  at  that  time.  Finally  examination  was 
made  in  the  retroperitoneal  position  (Fig.  7) 
and  a  large  retroperitoneal  mass  was  found 
projecting    forward    into    the    prevertebral 


134 


Discussion  of  Pneiinioperit<^neiim 


space  and  almost  obliterating  it.  Diagnosis  of 
tumor  of  the  left  kidney  was  made.  Opera- 
tion and  pathological  section  established  the 
diagnosis  of  sarcoma  of  the  kidney. 

When  the  pathological  process  is  low- 
down,  so  that  the  shadow  of  the  mass  falls 
below  the  shadow  of  the  innominate  bones, 
the  patient,  still  in  the  retroperitoneal  posi- 
tion, must  be  rotated  slightly  towards  the 
side  of  the  tumor,  in  order  to  get  a  view  un- 
obstructed by  the  crest  of  the  ilium. 

The  following  case  presents  c[uite  clearl\- 
the  use  of  the  retroperitoneal  method  of  ex- 
amination in  tumors  low  down  or  in  the  pel- 
vis. F.  L.,  white,  male,  age  sixty,  presented 
upon  examination  a  large  rounded  tumor 
mass,  arising  just  over  the  symphysis,  and 
extending  to  the  umbilicus.  With  frequent 
\()iding  of  small  amounts  of  urine  and  tene.-^- 
mus,  the  patient  looked  very  similar  to  one 
suffering  from  urinarv  retention  from  an 
hypertrophied  prostate.  Pneumoperitoneum 
examination  was  made  and  a  large  mass 
about  the  size  of  a  child's  head  was  seen 
almost  completely  to  fill  the  pelvis.  A  dark 
shadow  just  above  the  symphysis  was  taken 
to  be  th'C  collapsed  bladder,  and  on  injection 
this  proved  to  be  the  case ;  the  mass  was 
separated  from  the  bladder.  A  barium  enema 
was  given  and  the  sigmoid  was  seen  to  run 
over  the  mass  but  was  unobstructed  in  its 


course,  and  give  the  impression  of  a  retro- 
peritoneal mass,  which  had  in  its  growth 
merely  pushed  the  large  bowel  forward. 

The  patient  was  examined,  slightly  ro- 
tated in  the  retroperitoneal  position  (Fig.  8) 
and  a  large  retroperitoneal  mass  was  found, 
widely  separated  from  the  bladder.  No  bone 
destruction  of  spine  or  pelvis  was  found. 
Cystoscopic  examination  of  the  bladder  was 
made  and  a  carcinoma  of  the  bladder  was 
found.  Diagnosis  of  retroperitoneal  carcin- 
oma, secondary  to  a  carcinoma  of  the  blad- 
der was  made. 

To  outline  briefly  the  essentials  for  a  satis- 
factory retroperitoneal  examination: 

1.  It  is  especially  essential  when  this  ex- 
amination is  to  be  undertaken,  to  clean  out 
the  bowels  well,  using  vegetable  cathartics. 

2.  The  patient  should  void  his  urine  just 
before  examination. 

3-  He  should  be  given  little  if  any  food 
just  pri<^r  to  the  examination. 

4.  He  should  be  orcr-tiistcndcd  with  the 
inflating  medium. 

5.  He  should  be  sufficiently  well  supported 
to  exert  no  i)ressure  on  the  interabdominal 
contents. 

We  have  to  date  used  this  position  in  the 
detection  of  retroperitoneal  masses  witb 
continued  satisfaction  and  feel  that  it  will 
ultimately  be  of  great  value  for  this  purpose. 


DISCUSSION   FOLLOWING    SYMPOSIUM   ON   ARTIFICIAL 
PNEUMOPERITONEUM 

In  addition  to  Dr.  Rubins'  and  Dr.  Sante's  articles  in  this  issue  of  the  Journal,  the  Symposium 
includes  the  following:  Pneumoperitoneurn  of  the  Pelvis:  Gynecological  Studies,  by  James 
G.  V'an  Zwaknvenberg,  M.D.,  January  issue,  p.  12.  Piieuinopcritoiiciini  as  an  Aid  in  Differ- 
ential Diagnosis  of  Diseases  of  the  Left  Half  of  the  Abdomen,  by  A.  F.  Tyler,  M.D., 
February  issue,  p.  65.  The  use  of  CO^  in  Producing  Pneumoperitoneum,  by  Walter  C. 
Alvarez.  M.D.,  b^ebruary  issue,  p.  71.] 


Dr.  Leopold  Jaches.  The  roentgenologic 
method  in  connection  with  Dr.  Rubin's  work 
was  developed  b}'  my  associate,  Dr.  Bendick, 
and  I  have  seen  a  relatively  small  proportion 
of  these  cases,  but  I  can  assure  every  roent- 
genologist here  that  it  is  a  very  easy  procedure, 
that  it  doesn't  take  much  time.  There  is  no  fuss 


about  it.  We  have  \ery  frequently  been  able 
to  do  one  or  two  or  three  cases  between  other 
fluoroscopies.  There  is  absoluteb'  no  fuss  at 
all. 

I  am  not  as  pessimistic  as  Dr.  Rubin  is  with 
regard  to  the  possibility  of  determining  which 
tube  is  patent  and  which  is  closed.  It  should 
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not  be  very  difficult  to  do  so  fluoroscopically 
during  the  time  of  the  inflation. 

We  have  not  yet  at  the  hospital  a  fluoro- 
scope  appropriate  for  this  work,  but  as  soon  as 
our  Dessane  bonnet  arrives  we  shall  investi- 
gate this  phase  of  pneumoperitfjneum. 

Dr.  J.  \V.  HuNTiCR.  I  should  like  to  inquire 
of  Dr.  \^an  Zwaluwenberg  if  ])regnancy  can 
be  diagnosed  by  the  pneumoperitoneum  method 
unless  the  head  or  some  of  the  bones  of  the 
fetus  are  shown  on  the  plates.  The  reason  I 
ask  that  is  because  I  did  not  notice  an}-  on  the 
slide  which  he  showed  us. 

Dr.  James  G.  Van  Zwalu\\exberg.  With 
regard  to  the  demonstration  of  pregnancy 
without  the  actual  demonstration  of  bony  parts 
of  the  fetus,  I  am  very  optimistic  that  we  shall 
be  able  to  do  this  because  there  must  be  differ- 
ences in  de\'elopment  and  enlargement  of  the 
uterus  from  those  of  pathological  enlarge- 
ments. We  haven't  seen  a  great  many  of  these 
cases,  and  I  don't  know  positively  whether 
that  is  so,  but  so  far  we  have  have  had  no 
myomata  of  the  uterus  which  looked  anything 
at  all  like  pregnancy,  and  we  have  plates  of 
one  case  whose  last  menstruation  was  six 
weeks  before  the  examination,  one  which  Dr. 
Peterson  insisted  was  pregnane}',  and  the 
changes  in  the  uterus  are  altogether  charac- 
teristic. That  is  his  opinion.  I  tliink  there  will 
be  very  little  difficulty  in  dift'erentiating  the 
distortion  of  the  uterus  by  a  myoma  or  other 
enlargement  from  that  of  a  pregnancy. 

To  Dr.  Stewart,  we  owe  a  great  obligation, 
because  the  idea  of  the  work  was  directly  sug- 
gested by  some  of  the  plates  he  showed  at 
Saratoga.  The  objection  he  has  met,  w^e  also 
are  meeting.  The  Department  of  Gynecology 
has  been  the  subject  of  considerable  ridicule 
for  using  this  method,  on  the  ground  that  they 
should  be  able  to  make  all  their  diagnoses 
without  it.  As  a  matter  of  fact,  the  gynecolo- 
gist usually  knows  prett}'  well  what  he  is 
going  to  find  when  he  opens  the  pelvis,  but 
the  fact  remains  that  sometimes  he  doesn't, 
as  Dr.  Rubin's  case,  in  which  there  were 
double  pus  tubes  which  were  not  suspected, 
illustrates.  The  same  sort  of  thing  has  hap- 
pened in  our  experience.  I  doubt  if  the  method 
will  ever  become  routine.  We  are  doing  it 
routinely  now  until  we  have  established  a  basis 
for  our  opinions,  which,  at  this  time,  aren't 


worth  a  great  deal,  but  I  have  great  hopes 
that  some  system  of  standarfls  can  be  estab- 
lished which  will  make  this  method  of  real  use. 

Dr.  L.  R.  Sante.  I  noticed  that  iJr.  Rubin 
referred  to  the  pneumoperitoneum  showing 
more  on  one  side  than  on  the  other  in  these 
cases,  and  I  would  like  to  offer  the  following 
as  a  possible  explanation:  The  mesentery  of 
the  small  intestine,  as  we  know,  is  attached 
on  the  posterior  wall  of  the  abdomen  in  an 
oblique  position.  I  wonder  if  this  does  not  act 
as  a  wall,  thereby  confining  the  oxygen  more 
on  one  side  of  the  abdomen  or  the  other  de- 
pending upon  which  tube  is  patent. 

Dr.  Rubin  (closing).  I  am  glad  to  have 
heard  the  explanations  of  the  api)earance  of 
the  unilateral  pneumoperitoneum.  I  am  quite 
free  to  say  I  did  not  think  of  all  those  things. 
Tt  may  \-er}-  well  be,  though,  because  in  the 
beginning  we  had  the  patient  get  off  the  table 
on  one  side  or  the  other,  and  it  is  very  likely 
that  that  occurred,  but  lately  we  have  had  the 
patient  sit  bolt  upright,  so  that  the  explana- 
tions given  could  not  be  true  in  that  event,  and 
so  some  other  explanation  may  be  necessary. 
Dr.  Sante's  suggestion  of  the  slanting  mesen- 
ter}-  ma}'  be  true  in  some  cases.  On  the  other 
hand,  as  Dr.  Stewart  explained,  the  gas  takes 
the  path  of  least  resistance  and  is  influenced 
by  the  weight  of  the  viscera.  It  may  very  well 
be  that  sometimes  the  stomach  is  heavier  than 
the  liver.  As  a  rule,  the  liver  is  heavier  than 
the  stomach. 

About  the  contra-indications :  I  would  like 
to  repeat  them  again.  The  presence  of  pus  in 
the  genital  canal,  urethra,  vagina  or  cervix,  and 
the  presence  of  fever  due  to  pelvic  inflamma- 
tion are  contra-indications.  Even  though  there 
is  an  inflammator}'  process,  however,  if  there 
is  no  fever,  that  lesion  is  quiescent,  and  the 
introduction  of  150  c.c.  at  200  pressure  will 
not  do  an}'  harm.  It  will  not  do  any  harm  when 
the  fallo])ian  tubes  are  closed,  at  least  in  my 
experience  I  have  seen  no  harm  result  in  such 
cases. 

Another  thing  I  want  to  consider  is  the 
theoretical  possibility  of  the  formation  of  em- 
bolism. I  tested  this  problem  out  by  actually 
introducing  oxygen  into  the  vein  of  a  dog,  and 
found  that  350  c.c.  of  oxygen  injected  into  the 
vein  did  not  as  it  were  cause  the  dog  to  "turn 
a  hair."  Now,  if  350  c.c.  of  oxygen,  which  is 
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the  very  maximum  dose  which  I  require  for 
my  patients,  does  not  affect  a  dog  by  direct 
intravenous  application,  it  certainly  will  not  do 
any  harm  in  the  human. 

I  think  someone  asked  about  sterilizing  the 
parts.  The  apparatus  I  use  consists  of  specu- 
lum, tube,  single  tenaculum  hook,  and  a  can- 
nula. These  are,  of  course,  boiled.  The  vagina 
is  wiped  clean  of  whatever  mucus  may  be 
present,   and   the   cervix   touched  with   iodin. 

Dr.  L.  R.  Sante.  The  wider  use  of  pneu- 
moperitoneum in  abdominal  conditions  has 
brought  the  subject  from  the  stage  of  gener- 
alities to  that  of  more  special  methods  of  ex- 
amination. This  you  have  seen  to-day  in  the 
examination  of  the  pelvic  organs,  by  Dr.  Van 
Zwaluwenberg,  in  the  special  examination  of 
the  spleen,  and  also,  as  mentioned  by  Dr 
Tyler,  in  the  detection  of  abdominal  masses. 
I  am  glad  to  hear,  also,  that  Dr.  Stewart 
spoke  of  the  difficulty  in  dift'erentiating  kidney 
masses,  and  to  see  that  he  showed  a  case 
which  he  infers  is  a  retroperitoneal  mass. 

When  we  first  started  this  work  about  a 
year  ago  in  the  City  Hospital  in  St.  Louis,  v  e 
were  greatlx'  handicapped  to  get  a  routine 
technique  which  would  be  at  once  rapid  and 
sufficiently  thorough  to  secure  all  of  the  nec- 
essary points  in  the  examination.  The  number 
of  positions  in  which  it  was  necessary  to  place 
the  patient  was  the  greatest  difficulty  we  had 
to  overcome.  We  finally  brought  into  use  a 
type  of  hospital  cart,  balanced  upon  two 
wheels,  so  that  mere  pressure  upon  the  cart 
at  either  end  would  raise  or  lower  the  head  or 
feet.  This  we  found  most  efficient. 

When  we  first  undertook  this  work  we  fol- 
lowed very  closely  the  technique  of  the  first 
writers  upon  the  subject,  using  oxygen  as  an 
inflating  medium  and  employing  manometers  to 
ascertain  the  intra-abdominal  pressure.  Later 
we  used  air  as  an  injecting  medium  and  now 
we  use  a  very  simple  apparatus.  We  have  dis- 
pensed with  all  manometers  and  measuring  ap- 
paratus and  use  merely  a  lumbar  puncture 
needle,  connected  by  suitable  tubing  and  con- 
nectors to  the  pump  of  a  Potain  aspirator  with 
a  Murphy  drip  interposed  as  a  trap,  the  small 
vent  hole  of  which  has  been  plugged.  The 
entire  apparatus  except  the  pump  is  sterilized. 
The  air  is  not  sterilized  in  any  way.  We  have 
found  that  air  takes  considerably  longer  to 
absorb,  six  to  seven  days,  than  oxygen,  three 
to  four,  but  it  surely  causes  less  pain;  and 


since  we  practice  deflation  on  nearly  all  of  our 
patients  after  examination,  we  count  the  use 
of  air  a  distinct  advantage.  We  have  no  diffi- 
culty in  determining  when  the  needle  is  in  the 
abdominal  cavity  by  simply  listening  with  a 
stethoscope  on  the  opposite  side  of  the  abdo- 
men for  the  characteristic  sound  of  the  pump. 

The  routine  procedure  which  we  have 
adopted  is  to  wheel  the  patient  before  a  verti- 
cal fluoroscope  while  lying  on  his  back. 

The  needle  is  inserted,  and  the  patient  in- 
flated under  the  fluoroscope.  When  sufficient 
inflation  is  obtained,  the  needle  is  withdrawn. 
He  is  then  rolled  over  into  the  lateral  position 
and  examined  on  each  side.  After  this  he  is 
put  in  the  so-called  retroperitoneal  position, 
which  I  will  describe  later,  to  determine  if  any 
retroperitoneal  masses  are  present.  He  is  then 
examined  in  both  the  dorsal  and  ventral  po- 
sitions on  the  horizontal  fluoroscope. 

One  case,  which  proved  to  be  a  retroperi- 
toneal mass,  illustrated  so  well  the  position  I 
am  about  to  show  you  for  the  detection  of 
these  masses,  that  we  very  soon  conceived  the 
idea  of  using  it  in  many  other  cases. 

The  patient  presented  himself  with  a  mass 
in  the  right  lower  quadrant,  very  hard  and 
well  defined,  and  of  questionable  origin.  It 
caused  quite  a  controversy  among  the  sur- 
geons and  the  genito-urinary  man,  as  a  result 
of  which  we  made  pneumoperitoneum  exami- 
nation and  fortunately  for  us,  it  showed  the 
outline  of  the  mass  very  clearly,  and  that  it 
was  in  no  way  connected  with  the  kidney.  In 
an  effort  to  determine  whether  the  mass  was 
retroperitoneal,  we  injected  the  ureter  and 
kidney  pelvis.  We  noted  the  smooth  outline  of 
the  ureter,  and  then  by  pressure  on  the  mass 
with  a  cone,  directing  the  pressure  upward, 
and  inward,  were  able  to  demonstrate  a  kink 
in  the  ureter.  This  seemed  to  indicate  that  the 
ureter  ran  over  the  mass,  and  that  the  mass 
therefore  was  retroperitoneal.  We  noted,  also, 
the  carious  appearance  of  the  third  and  fourth 
lumbar  vertebrae,  and  suspected  a  tuberculous 
abscess.  He  was  then  put  in  this  position — 
chest  and  thighs  supported  by  two  blocks — 
with  his  abdomen  hanging  loosely  between  ;  ex- 
posing from  side  to  side,  we  obtained  a  view 
of  the  retroperitoneal  and  prevertebral  space. 
The  mass  was  retroperitoneal,  and  proved  to 
be  a  psoas  abscess.  You  will  note  that  the  pre- 
vertebral space,  which  is  usually  clear,  is  en- 
croached upon  in  this  way.  This  case  demon- 
strated so  well  the  advantage  of  this  position 


Discussion  of  Pneumoperitoneum 


137 


in  demonstrating  retroperitoneal  involvement 
that  we  began  to  utilize  it  for  this  purpose  in 
other  cases. 

This  is  a  diagram  merely  to  show  the  ar- 
rangement of  the  abdominal  organs  in  this 
position;  the  abdominal  wall  sagging  between 
two  blocks  permits  the  intestines  and  all  or- 
gans with  mesenteric  attachment  to  fall  for- 
ward, showing  clearly  the  retroperitoneal 
structures  and  clear  prevertebral  space.  If 
there  is  a  retroperitoneal  mass,  this  mass  en- 
croaches upon  this  clear  prevertebral   space. 

The  first  case  is  a  mass  which  was  not  at- 
tached to  the  anterior  abdominal  wall.  In  this 
case,  we  rolled  the  patient  on  the  side  and 
showed  that  the  spleen  was  high  up  under  the 
diaphragm  and  entirely  independent  of  the 
mass.  To  determine  whether  the  mass  was  con- 
nected with  the  kidney,  we  injected  the  ureter 
wth  thorium,  and  found  an  irregular  mass  in 
the  midst  of  this  area.  The  colon  was  injected 
to  see  if  it  was  the  origin  of  the  mass,  but  it 
did  not  seem  to  have  any  connection  with  it. 
Examination  in  the  retroperitoneal  position, 
however,  disclosed  very  clearly  that  the  mass 
was  retroperitoneal,  and  was  closely  associated 
with  the  left  kidney.  We  have  used  this  posi- 
tion successfully  in  determining  the  presence 
and  origin  of  a  sarcoma  of  the  kidney ;  a 
retroperitoneal  carcinoma  secondary  to  car- 
cinoma of  the  prostate,  and  closely  associated 
with  the  kidney ;  a  perinephritic  abscess ;  a 
psoas  abscess ;  an  abscess  arising  in  the  sem- 
inal vesicle  and  a  retroperitoneal  carcinoma 
secondary  to  a  carcinoma  of  the  bladder. 

I  feel  that  with  more  extensive  use  this 
position  will  prove  of  great  diagnostic  value 
in  determining  the  retroperitoneal  character  of 
masses. 

Dr.  Carlos  Heuser,  Buenos  Ayres.  With 
the  dental  anaesthetic  apparatus  of  Clark,  in- 
tended for  oxygen  gas  and  ether,  I  use  a 
mixture  in  the  proportion  of  35%  gas  to 
15%  sulphuric  ether  by  drops  which  are 
mixed  with  the  gas  and  55%  oxygen,  giving 
1500  to  3000  c.c.  of  this  mixture  with  my 
special  needle.  The  advantages  are  as  follows : 

1.  The  patient  can  be  examined  standing. 
Deep  breathing  does  not  hurt  him.. 

2.  The  mixture  is  absorbed  rapidly. 

3.  The  patient  is  not  left  with  any  pains. 

4.  The  method  can  be  used  in  the  consult- 
ing room. 


5.  There  have  been  observed  no  abnormal 
symptoms. 

6.  With  the  manometer  attached  to  the  in- 
strument, it  is  possible  to  measure  the  quan- 
tity of  gas  injected,  to  know  the  pressure,  and 
whether  or  not  the  gas  mixture  has  penetrated 
into  the  abdominal  cavity. 

The  needle  is  of  platinum  with  a  special 
mandrin  and  an  escape  key  similar  to  the  or- 
dinary trocars.  The  purpose  of  the  mandrin  is 
to  prevent  the  needle  from  bending  when  the 
puncture  is  made.  The  cannula  with  the  es- 
cape key  gives  escape  to  the  air  after  the 
roentgenogram  has  been  finished.  I  leave  the 
cannula  in  the  abdomen  during  the  making  of 
the  plates.  I  consider  this  method  a  great  ad- 
vantage and  a  great  relief  for  the  patient. 

Dr.  W.  C.  Alvarez.  Generally  we  put  in 
gas  with  the  patient  on  his  back.  It  seems  to 
me  that  this  gas  might  be  trapped  on  one  side 
or  the  other,  depending  on  whether  he  rolls 
over  to  the  right  or  to  the  left.  Much  depends, 
also,  on  whether  the  body  is  quite  even  on  the 
table. 

T  think  this  type  of  case  which  Dr.  Sante 
has  just  described  is  the  type  in  which  you 
must  use  oxygen  or  air  or  something  else  that 
will  stay.  It  is  well  not  to  use  too  much ;  one 
to  two  litres  I  find  is  generally  sufficient.  Don't 
do  this  work  for  idle  curiosity,  and  don't  do  it 
if  there  are  any  signs  of  inflammation. 

Dr.  a.  F.  Tyler.  I  would  like  to  ask  Dr. 
Alvarez  if  he  has  had  any  trouble  in  introduc- 
ing carbon  dioxide  with  the  patient  going  into 
shock. 

Dr.  Alvarez.  I  have  had  nothing  like  that.^ 
Most  of  the  patients  have  had  very  little 
trouble.  Don't  let  them  sit  up  or  stand  up  until 
they  have  had  the  gas  in  them  for  some  time. 

Dr.  William  H.  Stewart.  Dr.  Rubin's 
work  on  testing  the  patency  of  the  fallopian 
tubes  by  means  of  injecting  oxygen  into  the 
uterine  cavity  is  entirely  foreign  to  pneumo- 
peritoneal  .r-ray  diagnosis,  so  much  so  that  the 
speaker  does  not  feel  competent  to  discuss  the 
communication  although  he  can  readily  ap- 
preciate the  value  of  such  a  procedure. 

INote:  Since  this  meeting  I  have  seen  one  case  with 
most   alarming  cyanosis  and  stoppage  of   the  heart, 
showing  again  that  this  technique  should  not  be  used 
thoughtlessly  or  needlessly. 
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Dr.  Van  Zwaluwenberg's  presentation  has 
been  most  enhghtening,  particularly  so  as  the 
practical  value  of  pneumoperitoneum  in  pelvic 
cases  has  long  been  a  question  in  the  speaker's 
mind.  Many  gynecologists  will  not  accept  the 
method  as  a  routine  procedure,  saying  that 
they  are  able,  except  in  some  very  obscure 
cases,  to  make  their  diagnosis  without  pneu- 
moperitoneum. There  is  every  indication,  how- 
ever, that  the  method  will  be  so  simplified  that 
it  can  be  used  in  all  cases  where  a  diagnosis 
cannot  be  made  by  the  ordinary  mediods. 

Dr.  Sante's  remarks  with  reference  to  the 
question  of  gas  collecting  on  one  side  of  the 
peritoneal  cavity,  is  debatable.  Personally  the 
speaker  believes  it  is  purely  a  coincidence,  for 
unless  the  abdominal  cavity  is  inflated  to  a 
considerable  extent  the  gas  is  apt  to  collect 
in  any  one  place.  One  of  the  difhculties  to 
contend  with  in  this  work  is  to  obtain  a  uni- 
form distribution  of  the  gas.  Intestines  which 
are  distended  with  gas  or  feces  will  prevent 
this  uniform  distribution,  and  frequently  form 


pockets   in  the  peritoneal  cavities  where   the 
inflated  gas  will  accumulate. 

Dr.  Alvarez'  communication  is  most  im- 
portant and  great  credit  should  be  given  to 
him  for  the  suggestion  of  the  use  of  carbon 
dioxide  instead  of  oxygen.  The  inflation  tech- 
nique which  we  are  emplo}'ing  at  the  present 
time  is  somewhat  similar  to  that  reported  last 
year.  If  a  complete  fluoroscopic  as  well  as 
roentgenological  examination  is  required,  oxy- 
gen is  the  gas  of  selection.  Should  the  investi- 
gations be  of  a  single  organ,  such  as  the  gall- 
bladder, carbon  dioxide  is  used.  This  gas  is 
absorbed  very  rapidly,  usually  disappearing 
in  about  half  an  hour.  A  mixture  of  2  parts 
of  carbon  dioxide  to  i  of  oxygen  is  very  satis- 
factory where  the  investigations  will  consume 
about  an  hour. 

[The  speaker  showed  lantern  slides  of  a 
series  of  cases  in  which  pneumoperitoneum 
had  proved  of  great  value  in  securing  a 
diagnosis.] 


THE  COLLATERAL   TREATMENT  OF   MALIGNANT 
PATIENTS   UNDERGOING    RADIOTHERAPY* 

By  E.  H.  skinner,  M.D. 


KANSAS    CITY,    MISSOURI 


T)  ROBLEMS  are  constantly  arising  in  the 
-^  management  of  malignant  patients  who 
are  undergoing  radiotherapy.  The  comfort 
of  our  patients  and  their  symptomatic  care 
is  quite  another  thing  from  the  actual  appli- 
cation of  radiant  energy. 

There  are  two  aspects  to  radiotherapy  and 
the  malignant  patient.  The  one  presupposes 
that  the  application  of  the  radiant  energy  is 
the  one  essential.  The  patient  and  his  disease 
are  overlooked  in  an  ambition  to  secure  the 
proper  dosage  and  consequent  shrinkage  of 
the  tumor  mass. 

The  viewpoint  that  I  wish  to  present  may 
be  summed  up  in  the  aphorism:  Beyond  the 
cancer  is  the  cancer  patient. 

If  we  had  a  panacea  for  malignancy  in  ra- 
diant energy  there  might  be  some  excuse  for 
overlooking  the  patient  and  simply  treating 


the  malignancy.  Unfortunately  this  is  not  so. 
Therefore  we  shall  probably  achieve  a  more 
reasonable  success  if  we  observe  ways  and 
means  to  promote  the  comfort  and  symp- 
tomatic relief  of  our  patients.  The  more  one 
is  engaged  in  the  handling  of  this  class  of 
patients,  the  more  does  one  realize  that  our 
therapy  is  far  from  being  a  specific  in  spite 
of  the  remarkable  changes  that  the  tissues 
obtain  from  radiant  energy. 

The  chief  difficulties  with  our  malignant 
cases  are  poor  morale,  deficient  appetite, 
irradiation  sickness,  distressing  local  symp- 
toms and  the  subtle  changes  in  the  blood 
and  internal  secretions.  Upon  the  latter, 
much  may  be  conjectured,  little  is  known; 
but  it  may  not  be  amiss  to  venture  certain 
observations,  relate  certain  animal  experi- 
ments and  their  possible  application  in  ra- 
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diologic  practice.  The  former  group  of  sys- 
temic difficulties  is  met  in  almost  every  case 
of  desperate  malignancy.  The  local  symptoms 
necessarily  vary  with  the  type  of  involve- 
ment. 

The  subject  easily  divides  itself  into  the 
following  headings : 

1.  The  mental  attitude  of  the  patient. 

2.  The  general  state  of  health  of  the  pa- 
tient. 

3.  The  dietetic  care  of  the  patient. 

4.  The  adjuvant  therapy  of  local  and  gen- 
eral symptoms. 

5.  Amelioration  of  symptoms  by  variation 
of  dosage. 

The  Mental  Attitude  of  the  Patient. — Pa- 
tients come  to  the  radiologist  with  great 
hopes  of  relief  and  possible  cure.  Every  ef- 
fort should  be  expended  to  maintain  this  at- 
titude even  to  the  extremity  of  prevarication, 
because  it  is  noticeable  that  the  patient  loses 
rapidly  as  soon  as  he  loses  hope.  This  hope- 
ful attitude  is  an  enormous  factor.  The  phy- 
sician should,  however,  never  fool  himself  or 
the  family.  There  should  be  a  perfect  under- 
standing between  the  radiologist  and  some 
responsible  member  of  the  family. 

On  the  other  hand  if  the  patient  comes  to 
the  radiologist  reluctantly  and  without  hope 
it  behooves  one  to  make  every  effort  to  raise 
the  morale  of  the  patient  by  encouraging  the 
fighting  spirit  and  hopeful  attitude.  This  is 
hardly  fair  in  the  absolutely  hopeless  case. 
The  judgment  and  experience  of  the  radiolo- 
gist is  far  more  important  than  the  potency 
of  his  irradiation  in  this  situation.  Again 
would  I  invoke  the  words  of  Shakespeare: 

...    to  thine  own  self  be  true, 
And  it  must  follow,  as  night  the  day, 
Thou  canst  not  then  be  false  to  any  man. 
Hamlet,  Act  I,  Sc.  3. 

This  buoyancy  of  hope  is  a  greater  factor 
than  tonics  in  maintaining  the  general  condi- 
tion and  the  appetite  of  the  patient.  The 
cheerful  attention  of  the  physician  and  those 
in  contact  with  the  patient  and  the  minimiz- 
ing of  the  symptoms  to  the  patient  are 
worthy  ideas. 

The  General  State  of  Health  of  the  Pa- 


tient.— The  general  state  of  health  of  the  pa- 
tient which  necessarily  includes  the  diet 
should  be  constantly  in  mind,  for  in  our  ef- 
forts to  eradicate  malignant  tissue  we  may 
be  taking  advantage  of  the  reparative  powers 
of  the  patient  or  developing  gastric  symp- 
toms which  will  negative  our  local  results. 
Every  radiologist  must  be  cognizant  of  the 
violent  gastric  symptoms  which  are  coinci- 
dent with  radiant  therapy,  especially  of  the 
abdomen.  There  are  reliable  reports  of 
metastases  supposedly  caused  by  vigorous 
treatment  of  the  apparently  localized  malig- 
nancy. There  is  ample  evidence  from  animal 
experimentation  that  radiation  has  the  ca- 
pacity of  destroying  the  very  cell  factors  in 
the  blood  which  are  at  the  same  time  the 
most  potent  agency  in  the  actual  destruction 
of  the  malignant  cell.  We  refer  to  the  lym- 
phocytes of  the  blood.  While  heavy  dosage 
will  destroy  the  lymphocytes,  small  repeated 
doses  will  stimulate  their  development.  The 
thought  therefore  arises — is  it  always  best 
to  attempt  to  overwhelm  a  malignancy  with 
deep  penetrating  dosage,  or  should  an  at- 
tempt be  made  to  fortify  the  patient  by 
stimulating  his  cellular  resistance  to  malig- 
nancy ?  Furthermore,  may  we  not  be  hasten- 
ing or  actually  producing  metastasis  by  vig- 
orous primary  radiation?  The  idea  of  im- 
munizing the  patient  by  gradually  increasing 
dosage  may  be  worth  consideration. 

In  spite  of  the  dissensions  of  opinion  re- 
garding the  so-called  acidity  or  alkalinity  of 
cancer  patients,  it  is  our  humble  experience 
that  it  is  more  comfortable  to  the  patient  to 
promote  the  alkalinity  of  the  excretions  and 
at  the  same  time  quiet  the  gastric  symptoms. 
The  milk  of  magnesia  is  a  most  valuable 
remedy,  as  It  tempers  the  stormy  stomach 
and  favors  colonic  regularity.  The  drinking 
of  waters  which  carry  a  high  soda  content  is 
more  agreeable  than  frequent  dosage  with 
soda  bicarbonate.  The  latter  Is  valuable  to 
promote  a  rapid  alkalinity  when  the  patient 
is  first  seen  and  for  acute  attacks  of  gastric 
discomfort,  but  the  milk  of  magnesia  and  the 
waters  are  better  for  long  periods  of  time. 

The  Dietetic  Care  of  the  Patient. — When 
one  seeks  the  literature  for  Information  upon 
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the  dietetics  of  malignancy  one  finds  con- 
tradictory ideas.  For  many  years  the  teach- 
ings of  Bulkley  have  held  us  to  the  idea  that 
alkalinity  should  be  the  goal.  The  experience 
of  radiologists  with  deep  irradiation  sickness 
and  the  general  relief  of  symptoms  by  soda 
bicarbonate  seems  to  make  us  disciples  of 
Bulkley.  Now  comes  one  worthy  Joslin  to  the 
opposite  opinion  with  an  interesting  array  of 
argument : 

"There  never  was  in  the  world  two  opin- 
ions alike,  no  more  than  two  hairs  or  two 
grains;  the  universal  quality  is  diversity." 
Montaigne. 

"Inconsistencies  of  opinion,  arising  from 
changes  of  circumstances  are  often  justifi- 
able." Daniel  Webster,  Vol.  v,  p.  187. 

"Thus  times  do  shift — each  thing  his  turn  does 

hold; 
New  things  succeed,  as  former  things  grow 

old." — Herrick. 

Experience  and  custom  seem  to  demand 
that  the  general  diet  should  tend  toward 
alkalinity.  Milk  and  the  vegetables  and 
cooked  fruits  and  cereals  are  easily  the  basis 
of  the  daily  dietary.  Bulkley  has  outlined 
very  specifically  the  intimate  details  of  rotat- 
ing variations  in  the  daily  meals.  Torbett 
has  furnished  an  alliteration  that  sticks: 
"Prunes,  plums,  peanuts;  Canteloupe,  cab- 
bage, cranberries;  these  are  foods  which 
leave  acid  radicals  in  the  blood."  It  is  well  to 
remember  that  spinach  is  richer  in  iron  than 
any  other  vegetable  and  that  the  baked  po- 
tato eaten  with  the  skin  furnishes  a  great 
deal  of  lime.  Whole-wheat  bread  and  pop- 
corn are  happy  thoughts. 

Dietetic  experiments  upon  rat  tumors, 
quoting  Corson-White,  reveal  that  a  diet  of 
vegetable  protein,  fat,  and  carbohydrates  re- 
tard the  growth  of  tumors,  while  the  general 
condition  of  the  animal  seemed  normal.  On 
the  contrary,  high  cholestral  feedings  seem 
to  increase  tumor  growth.  Hunt  Reid  finds 
that  it  may  be  well  to  consider  diets  that  in- 
fluence the  ductless  glands;  oats  and  potas- 


sium iodide  stimulate  the  thyroid,  while  eggs 
and  milk  inhibit  the  thyroid. 

As  an  element  which  may  be  of  increasing 
interest  we  would  suggest  blood  transfusion 
for  the  patient  who  has  a  decided  alteration 
in  the  blood  picture  due  possibly  to  irradia- 
tion. This  procedure  may  be  considered 
where  there  is  a  low  lymphocyte  count  or  a 
pernicious  anemia.  In  the  former  it  would 
probably  be  wiser  to  withdraw  a  certain 
amount  of  blood  and  then  donate  a  similar 
amount  from  a  properly  typed  doner.  In  the 
latter  case — pernicious  anemia — a  properly 
typed  blood  could  be  given  without  any  with- 
drawal. It  is  probably  best  to  hypothecate 
that  the  low  lymphocyte  count  is  due  to  ir- 
radiation and  there  is  no  decrease  in  the  red 
blood  cells,  while  in  the  pernicious  anemia 
the  condition  is  a  sequela  of  the  malignancy. 

The  Adjuvant  Therapy  of  Local  and  Gen- 
eral Symptoms. — Therapeutic  suggestions 
may  be  grouped  as  general  or  local. 

General  measures  are  Blaud's  pills,  bitter 
tonics,  potassium  iodide,  arsenic  and  strych- 
nia, arsenical  injections  (salvarsen).  proto- 
nuclein  and  glandular  extracts.  There  is  no 
reason  why  the  patient  should  be  denied  the 
possible  advantages  of  remedial  measures  of 
historical  value  simply  because  they  are  now 
undergoing  a  treatment  by  radiation  and 
hope. 

The  use  of  arsenical  injections  and  gland- 
ular extracts  to  enhance  the  value  of  radia- 
tion is  worth  consideration.  We  would  also 
reiterate  the  values  of  the  milk  of  magnesia 
and  alkaline  waters  as  general  therapeutic 
measures  in  every  case. 

The  local  symptoms  vary.  With  uterine 
malignancies  we  have  the  bladder  and  rectal 
symptoms  (eminent  radiologists  to  the  con- 
trary). With  sigmoid  and  visceral  malig- 
nancy there  are  few  local  symptoms.  With 
mouth  and  throat  cases,  there  are  the  dis- 
tressing symptoms  of  ptyalism,  pain,  and  ul- 
ceration and  bleeding. 

Brief  local  measures  are  suggested  as  fol- 
loivs: — Pelvic  malignancy.  Peroxide  cleans- 
ing. Mild  astringent  tampons.  Chloretone 
and    icthyol   tamponage.    Acetone    packing. 
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Dakinize  with  extreme  care  for  the  viable 
tissues  for  twenty- four  hours  at  three  days' 
interval. 

Breast  Malignancy:  Potassium  perman- 
ganate for  ulcerations.  Salt  pork  poultices. 
Screening  with  parafine  mesh.  Balsam  peru. 
Peroxide  cleansing.  Aristol  dressing. 

Mouth  Malignancy:  Potassium  iodide  to 
promote  mucous  membrane  activity  and 
atropine  in  alcoholic  to  physiologic  equili- 
brium for  ptyalism.  Potassium  chlorate  for 
mouth  wash.  Pack  ulcerations  with  soda  bi- 
carbonate. Silver  nitrate  applications. 

Pain:  Start  with  aspirin.  Add  phenace- 
tine.  Turn  to  papine.  Then  codeine.  Terminal 
refuge  is  morphine. 

The  cancer  patient  is  entitled  to  relief 
from  pain,  as  there  is  nothing  to  be  gained  by 
fighting  the  pain  or  bearing  the  pain.  It  is 
bad  enough  to  endure  an  incurable  malig- 


nancy, so  why  add  the  burden  of  pain  and 
discomfort.  Irradiation  surely  reduces  and 
sornetimes  eliminates  the  pain  .and  it  surely 
affords  an  easy  exitus  for  the  desperate 
malignancies  even  if  it  does  no  more. 

There  is  no  dolibt  but  that  irradiation  by 
.r-ray  and  radium  is  the  greatest  boon  that 
the  malignant  patient  has  had  during  all  the 
ages,  and  it  has  surely  come  to  stay  as  a  pos- 
sible cure  in  many  conditions ;  at  least  a  pro- 
longation of  life  is  assured,  and  always  com- 
fort to  the  patient  when  not  a  cure. 
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WASHINGTON   MEETING 

PRELIMINARY     ANNOUNCEMENTS 

Plans  for  the  program  of  the  Annual 
Meeting  of  the  Society  next  fall  are  now  well 
under  way.  Dr.  Rene  Ledoux-Lebard  will 
give  the  Caldwell  Lecture  on  the  subject  of 
"Deep  Roentgen  Therapy."  It  is  planned  to 
give  a  much  larger  place  on  the  program  to 
papers  than  has  hitherto  been  done.  The  plan 
is  to  hold  the  meeting  for  four  days,  giving 
the  entire  first  day  to  papers  on  therapy  and 
to  have  the  papers  on  physics  during  the 
forenoon  of  the  second  day.  This  will  enable 
those  who  are  interested  only  in  therapy  to 
leave  about  the  middle  of  the  second  day, 
while  those  interested  only  in  roentgen  diag- 
nosis would  not  feel  it  necessary  to  attend 
until  the  beginning  of  the  second  day.  Those 
interested  in  both  diagnosis  and  therapy 
would  probably  wish  to  be  present  the  entire 
four  days. 

It  is  believed  that  this  plan  will  make  the 
meeting  of  interest  to  a  much  larger  number 
of  men.  It  is  requested  that  those  who  have 
papers  to  present  at  the  meeting  communi- 
cate with  the  President  of  the  Society  at  as 
early  a  date  as  possible. 

A.  C.  Christie. 


The  Twenty-second  Annual  Meeting  of 
The  American  Roentgen  Ray  Society 
will  be  held  in  Washington,  September  27, 


28,  29  and  30,  1 92 1.  Headquarters,  meetings 
and  exhibits  will  be  at  the  Hotel  Washington, 
Pennsylvania  Avenue,  opposite  the  Treasury. 

Hotel  accommodations  for  members  and 
guests  may  be  arranged  at  the  Washington 
Hotel  and  The  New  Ebbitt.  In  making  res- 
ervations state  that  you  are  attending  the 
meeting  of  The  American  Roentgen  Ray 
Society.  Mr.  A.  Gumpert,  Manager  of  the 
New  Ebbitt,  has  agreed  to  see  that  all  those 
attending  the  Convention  are  taken  care  of. 
Therefore  anybody  not  getting  what  he 
wants  should  communicate  direct  with  him. 

The  hotel  rates  are  as  follows: 

Hotel  Washington,  every  room  having 
private  bath  with  shower,  tub  and  running 
ice  water  (European  plan  only)  : 


Single  rooms 

Double  rooms  (double  bed) 

Double  rooms  (twin  beds) 


Per  day 
$5.00  to  $7.00 
8.00 
10.00  to  12.00 


The  New  Ebbitt  (European  plan  only) : 

Per  day 
Single  room  without  bath  $2.50 


Sing-le  room  with  bath 


4.00 


Double  room  without  bath,  each  person  $2.50 
Double  room  with  bath,  each  person,        3.50 

Also  a  niunber  of  large  suites,  both  with 
and  without  bath,  which  will  comfortably 
accommodate  upwards  of  four  persons.  On 
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these  suites  they  would  make  a  rate  of  $3.00 
per  day  each  person,  with  bath,  or  $2.00  per 
day  each  person  without  bath. 

For  information  regarding  the  program, 
those  wishing  to  read  papers  or  to  show 
slides  at  the  meeting  should  communicate 
direct  with  the  President,  Dr.  A.  C.  Christie, 
1 62 1  Connecticut  Avenue,  N.  W.,  Washing- 
ton, D.  C. 

For  information  regarding  commercial  ex- 
hibits and  other  business  matters  connected 
with  the  meeting,  address  the  Business  Man- 
ager, Paul  B.  Hoeber,  67-69  East  59th 
Street,  New  York  City. 

It  is  hoped  to  arrange  for  special  trains 
and  cars  from  various  sections.  Details  re- 
garding this  will  be  announced  later. 


THE  CALDWELL  LECTURE  FOR  1921 
The  American  Roentgen  Ray  Society 
is  very  fortunate  in  having  secured  Dr.  Rene 
Ledoux-Lebard  of  Paris  to  give  the  Caldwell 
Lecture  at  the  annual  meeting  this  year.  The 
distinguished  standing  of  Dr.  Ledoux-Le- 
bard as  a  roentgenologist  and  his  charming 
personality  make  it  certain  that  the  high 
standard  already  established  for  this  lecture 
will  be  maintained. 


Annual  Meeting  Western  Section 

The  officers  of  the  Western  Section  of  The 
American  Roentgen  Ray  Society  are  mak- 
ing plans  for  their  second  annual  meeting. 
They  have  selected  Portland,  Oregon,  as  the 
place  of  meeting,  and  the  time  has  been  set  for 
May  27th  and  28th.  This  time  will  permit  of  a 
continuous  trip  for  the  western  men  who  de- 
sire also  to  attend  the  A.  M.  A.  meeting  in 
Boston. 

The  Pacific  Coast  Roentgen  Ray  Society 
will  meet  at  the  same  time  and  place,  the  two 
organizations  being  the  guests  of  the  Portland 
Roentgen  Club,  a  very  active  organization  of 
specialists. 

The  Secretary  of  the  Western  Section  would 
welcome  a  visitor  or  two  from  the  East  with 
papers  or  demonstrations,  and  can  assure  them 
of  a  very  enjoyable  meeting.  Address  Dr.  War- 
ner Watkins,  Box  1328,  Phoenix,  Arizona. 


REPORT   OF    MIDWINTER  MEETING 
CENTRAL   SECTION 

The  Second  Annual  Midwinter  Meeting 
of  the  Central  Section  of  The  American 
Roentgen  Ray  Society  was  held  in  St. 
Louis,  at  the  Hotel  Statler,  on  February  21 
and  22,  with  about  eighty-five  in  attendance. 
The  program  for  the  two  days  is  as  follows: 

Monday  Morning,  February  21,  ig2i 

9:30  Opening  with  a  Business  Meeting. 

Appointment  of  Nominating  Commit- 
tee. 

Dr.  J.  M.  Martin,  Dallas,  Tex.  X-ray 
Treatment  of  Acne  Vulgaris. 

Dr.  D.  Y.  Keith,  Louisville,  Ky. 
Sarcoma  Therapy. 

Dr.  Charles  C.  Grai^dy,  Fort 
Wayne,  Ind.  Fracture  of  the 
Pelvis. 

Dr.  L.  T.  LeWald,  New  York  City. 
Report  of  a  Case  of  Hernia  of  the 
Diaphragm  on  the  Right  Side 
(Confirmed  by  operation). 

Dr.  D.  C.  Upson,  Battle  Creek,  Mich. 
Situs  Inversus. 

Dr.  H.  J.  Ullmann,  Chicago,  111.  The 
Use    of    the    Sphere    Gap    for 
Measuring  Voltage  in  Roentgeno- 
therapy. 
I  :oo  Lunch. 
2:00  Election. 

By  Invitation: 

Dr.  George  Dock,  Professor  Internal 
Medicine,  Washington  University 
Medical  School.  X -Ray  from  the 
Viewpoint  of  an  Internist. 

Dr.  J.  M.  Cork.  The  X-Ray  Spectrum 
and  its  Relations. 

Mr.  Frank  Rieber,  San  Francisco, 
Cal.  The  Importance  of  Accurate 
Standardization  of  Tube  Poten- 
tial in  Therapy. 

Dr.  Cliarles  Hugh  Neilson,  Profes- 
sor Internal  Medicine,  St.  Louis 
Medical  School.  The  Internist's 
Vieivpoint  of  the  Roentgenolo- 
gist. 
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Dr.  p.  M.  Hickey,  Detroit,  Mich. 
Roentgen  Diagnosis  of  the  Pan- 
creatic Cysts. 

Dr.  a.  W.  Crane,  Kalamazoo,  Mich. 
Reconsideration  of  the  Barium 
Meal. 

Dr.  E.  H.  Skinner,  Kansas  City,  Mo. 
Congenital  Atresia  of  the  Esopha- 
gus. 

Executive  Session  for  the  Election  of 
Officers. 

Monday  Evening,  February  21,  ip2i 

7:00  Banquet. 

Lantern  Slide  Exhibit. 

Tuesday  Morning,  February  22,  ip2i 

9:30  Clinical   Visit   to    Washington   Uni- 
versity ]\ledical   School  and  Barnes 

Hospital. 
Tentative  program  had  been  arranged 
as  follows: 

(a)  Dr.  E.  L.  Opie,  Professor  of 
Pathology,  Washington  Univer- 
sity Medical  School.  Tuberculosis 
(Demonstrations  of  specimens, 
lantern  slides,  etc.). 

(b)  Dr.  R.  Walter  Mills,  Dr. 
Sherwood  Moore.  Demonstra- 
tions in  the  X-Ray  Department. 

12:00  Central   Dry    Plate    Company   Visit. 

Buffet  Luncheon  (Courtesy  Central 
Dry  Plate  Company). 

Practical  Demonstration  of  the  Var- 
ious Stages  in  Dry  Plate  Alanu- 
facture. 

Visits  to  Local  Laboratories. 

The  morning  and  afternoon  sessions  of  the 
first  day  were  occupied  with  reading  and  dis- 
cussing the  very  interesting  and  scientific 
papers  by  the  members  and  invited  guests. 
These  papers  ranged  in  subjects  over  the 
viewpoints  of  the  physicist,  internist,  diag- 
nostician, and  therapist. 

Dr.  Dock  and  Dr.  Neilson,  Professors  of 
Internal  Medicine  in  the  Washington  L^ni- 
versity  Medical  School  and  in  the  St.  Louis 
University  INIedical  School,  respectively, 
brought  out  an  important  point  which  could 


be  taken  as  a  criticism  in  part  of  the  roent- 
genologist and  in  part  of  the  consultant:  viz., 
that  while  there  are  many  cases  in  which 
diagnoses  can  be  given  on  one  examination, 
there  are  still  a  large  number  that  should 
have  repeated  examinations  before  the  posi- 
tive findings  are  rendered.  They  cited  as  in- 
stances, cases  sent  long  distances  because  of 
chest  findings,  and  major  operations  under- 
taken because  of  abdominal  findings. 

The  banquet  was  well  attended,  and  the 
pleasing  music  provided  by  the  St.  Louis 
Committee  was  enjoyed  by  all.  The  toast- 
master,  Dr.  Skinner,  won  the  hearts  and  ap- 
plause of  all  when  he  announced  that  owing 
to  the  lateness  of  the  hour  and  the  previous 
entertainment,  speeches  would  be  dispensed 
with. 

The  lantern  slide  exhibit,  following  the 
banquet,  lived  up  to  its  usual  reputation,  and 
was  the  most  fascinating  part  of  the  meeting. 
Dr.  R.  Walter  Mills  presented  a  series  of 
interesting  stomach  slides  with  tables  show- 
ing his  classification  of  the  different  types  of 
the  human  form,  each  type  having  its  char- 
acteristic stomach  picture.  Many  other  mem- 
bers exhibited  a  variety  of  slides,  and  much 
good-natured  rivalry  was  brought  out  in  try- 
ing to  show  some  condition  or  anomaly  not 
previously  seen  by  one  of  our  visitors. 

The  midnight  sessions  were  held  as  usual 
in  the  various  rooms. 

On  the  morning  of  the  second  day  the 
members  were  driven  to  the  wonderful 
University  Medical  School  and  Barnes  Hos- 
pital, where  Dr.  Opie,  Professor  of  Path- 
ology, lectured  on  tuberculosis,  using  lantern 
slides  for  demonstration. 

A  splendid  buffet  luncheon  was  served  to 
the  Society  at  the  Central  Dry  Plate  Com- 
pany, after  which  the  plant  was  inspected 
and  the  methods  of  plate-making  were  seen. 
It  was  necessary  to  traverse  the  dimly  lighted 
parts  of  the  factory  in  chain-gang  fashion,  as 
the  ordinary  dark-room  is  lighter  and  more 
easily  negotiated. 

A  vote  of  thanks  was  given  to  the  St. 
Louis  Committee  for  their  splendid  arrange- 
ments and  entertainment. 

Dr.   J-   G.   Van  Zwaluwenberg  presided. 
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Dr.  A.  F.  Tyler,  the  Secretary,  was  unable 
to  be  present;  Dr.  William  M.  Doughty  was 
appointed  Temporary  Secretary. 

The  Local  Committee  consisted  of  Dr. 
Edwin  C.  Ernst,  Chairman,  and  Drs.  E.  H. 
Kessler,  Fred  B.  Hall,  M.  B.  Titterington, 
and  L.  R.  Sante. 

The  following  officers  were  elected  for  the 
next  year : 

President 

Dr.  William  M.  Doughty,  Cincinnati,  Ohio 

First  Vice-President 

Dr.  D.  Y.  Keith,  Louisville,  Kentucky 

Second  Vice-President 

Dr.  E.  S.  Blaine,  Chicago,  Illinois 

Secre  tary-  Treasurer 
Dr.  A.  F.  Tyler,  Omaha,  Nebraska 

The  next  meeting  will  be  held  in  Chicago, 
the  date  to  be  decided  later. 


ADDENDUM 


Dr.  Alfred  S.  Doyle  makes  the  following 
addition  to  his  article  on  page  73  of  the 
February  issue: 

In  the  American  Atlas  of  Stereoroentgen- 
ology,  Vol.  II,  Dr.  H.  M.  Imboden  of  New 
York  reports  a  case  injured  in  October, 
1 91 6,  which  was  operated  upon  October 
nth,  for  depressed  fracture.  Roentgen  ex- 
amination made  November  8th  shows  an 
area  of  diminished  density  in  the  upper  por- 
tion of  the  cranium  which  he  believed  at  that 
time  was  air  in  the  cranial  cavity.  On  De- 
cember 7th  of  the  same  year  another  roent- 
gen examination  was  made  and  shows  the  air 
completely  displaced  by  brain  tissue ;  this 
patient  is  reported  as  having  made  a  com- 
plete recovery  without  operation  for  the  air. 


DOSAGE   MEASUREMENT 

A    Criticism 

By  J.  S.  SHEARER 

CORNELL   UNIVERSITY,    ITHACA,   N.   Y. 

Some  years  ago  the  writer  of  this  article 
published  a  paper  on  the  photographic  effect 
of  .r-ravs  when  variations  of  current  and 


voltage  were  made  and  no  filtering  material 
except  the  walls  of  the  tube  and  the  usual 
paper  envelopes  were  between  the  target  and 
the  sensitive  emulsion.  The  results  showed 
that  for  a  given  wave  form  the  time  required 
to  secure  identical  blackening  of  spots  on  the 
same  plate  could  be  quite  accurately  com- 
puted by  assuming  that: 

1 .  The  time  was  inversely  proportional  to 
the  current  when  voltage  and  distance  were 
unchanged. 

2.  The  time  was  inversely  proportional  to 
the  square  of  the  effective  voltage  when  cur- 
rent and  distance  remained  fixed. 

3.  The  time  was  directly  proportional  to 
the  square  of  the  target  plate  distance  for 
current  and  voltage  unchanged. 

Thus  for  unfiltered  rays  the  photographic 
effect  was  indicated  by  the  relation 
current  X  (voltage)^  X  time 
(Target  —  plate  distance)^ 
Also  the  reasonably  accurate  reproduction  of 
results  with  different  machines,  as  indicated 
by  photographic  action  when  reasonable  care 
was  taken,  suggested  the  use  of  these  meas- 
urements in  the  place  of  Kienbock  strips  or 
pastilles.  This  was  advocated  because  obser- 
vation of  the  work  of  many  students  showed 
there  was  better  agreement  in  results  than 
when  the  prevailing  methods  were  employed. 
Measurements  by  ionization  methods  have 
indicated  the  above  formulation  to  be  sub- 
stantially correct  within  the  range  of  volt- 
ages in  common  use  and  where  wave  forms 
do  not  vary  too  much.  Also,  since  in  this 
same  range  "spark  gaps"  are  nearly  propor- 
tional to  voltages,  gap  measurements  may  be 
substituted  for  voltage.  The  use  of  this 
method  has  become  fairly  general  in  this 
country,  and  we  now  see  statements  of  cur- 
rent, gap,  filter,  distance  and  time  as  a  rule 
instead  of  so  many  H  or  X  units. 

The  general  principles  of  physical  meas- 
urements are  sometimes  rather  complex  and 
are  often  not  well  understood.  This  is  always 
true  when  methods  are  developed  and  units 
adopted  before  facts  can  be  fully  investi- 
gated, also  methods  are  frequently  applied 
in  ranges  outside  their  proper  limitations. 
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As  an  example,  assume  that  we  wish  to 
use  a  photographic  method  to  measure  light. 
Let  portions  of  a  plate  receive  exposures  for 
I,  2,  3,  4,  etc.,  units  of  time  to  radiation  from 
a  constant  source.  No  one  would  question 
that  here  exposures  would  be  in  proportion 
to  the  times.  If  we  lay  off  along  a  horizontal 
axis  a  series  of  equal  steps  as  o-i,  1-2,  2-3, 
etc.   (Fig.   i),  we  may  erect  perpendiculars 


Fig.  I.  Vertical  Lines  Show  Densities  Corre- 
sponding TO  Exposures  Shown  at  Base.  Thus  A4 
is  1.9  in  length,  B5  is  3  units,  or  4  arbitrary-  ex- 
posure units  gave  1.9  units  of  density. 

at  these  points  whose  lengths  correspond  to 
the  measured  density  of  the  negative  where 
these  exposures  acted.  Suppose  one  made 
measurements  between  A  and  D,  and  ob- 
served that  here  density  increased  very  nearly 
in  proportion  to  exposure.  A  unit  for  expo- 
sures might  be  chosen  as  U,  and  we  say  that 
A  received  4  units,  B,  5  units,  C,  6  units.  Any 
other  area  having  a  density  equal  to  that  at 
A  would  also  be  said  to  have  received  4  ra- 
diation units.  If  now  we  attempt  to  use  the 
density  of  the  negative  as  a  measure  of  ex- 
posure below  A,  or  above  D,  we  have  trouble, 
since  a  small  exposure  may  cause  no  meas- 
urable density.  Neither  can  we  infer  from  the 
density  K  what  exposure  the  corresponding 
spot  received.  For  had  the  relation  between 
exposure  and  the  density  produced  not 
changed,  then  this  particular  density  would 
have  been  attained  by  a  shorter  exposure. 
Thus  no  determination  of  exposures  below 
or  above  certain  limits  are  possible:  below 


there  is  little  or  no  density,  while  above  the 
density  changes  but  slightly  even  with  great 
increase  in  exposure. 

The  same  applies  to  a  pastille,  too  little 
exposure  will  not  cause  a  perceptible  color 
change,  and  after  a  certain  yellow  brown  tint 
is  reached  no  further  change  in  tint  is  ob- 
served. Also  if  an  exposure  exceeding  certain 
limits  is  made  there  is  no  way  of  determining 
hozv  much  excess  radiation  has  been  received. 
Pastilles  were  introduced  when  induction 
coils  and  gas  tubes  were  in  general  use  and 
there  were  wide  differences  in  outfits.  The 
fact  that  their  maximum  change  in  tint  was 
so  nearly  attained  by  exposure  to  a  quantity 
of  radiation  that  could  safely  be  delivered  to 
the  skin  made  them  exceedingly  valuable  for 
skin  therapy  at  that  time.  But  in  the  use  of 
fractional  doses,  heavy  filtered  doses,  and 
when  we  consider  the  difficulties  of  keeping 
and  reading  pastilles  we  recognize  the  need 
of  some  other  measure. 

We  sometimes  say  that  one  quantity  "runs 
parallel"  with  another,  meaning  they  increase 
or  decrease  together  in  a  fixed  ratio.  Thus  on 
the  straight  line  portion  of  Figure  i,  expo- 
sure and  density  "run  parallel"  over  a  con- 
siderable range,  but  not  over  all  ranges.  The 
biological  action  of  many,  perhaps  of  all 
stimuli,  varies  with  the  dose  according  to  a 
law  similar  to  that  "of  decreasing  returns" 
in  economics,  or  by  an  approximately  logar- 
ithmic or  exponential  law.  Thus  Figure  2 


Fig.  2.  A  Common  Relation  Observed  between 
Cause  and  Effect.  The  second  unit  of  cause  gave 
\y2  effect  units.  The  7th  only  .3  of  a  unit. 
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shows  such  a  curve.  To  assert  that  each  unit 
of  the  acting  agent  produces  the  same  ejfifect 
would  be  absurd,  as  successively  applied 
units  of  causation  give  entirely  different  ad- 
ditions to  the  effect.  And  yet  that  is  just  what 
is  so  often  done  in  the  use  of  "pastilles," 
Kienbock's,  etc.,  in  therapy. 

The  therapist  need  not  be  concerned  with 
such  units  at  all.  What  he  needs  to  know  is 
hozv  to  operate  his  tube  to  secure  the  most 
favorable  curative  result  with  the  least  risk ; 
viz.,  what  current,  voltage  distance,  filter, 
time,  areas  of  entry,  and  intervals  between 
treatments  are  most  likely  to  secure  a  good 
therapeutic  effect  with  a  minimum  risk  of 
skin  lesion.  Also  under  what  conditions  may 
this  dose  be  exceeded  and  by  how  much, 
when  the  net  result  may  be  favorable  to  the 
patient,  even  though  temporary  injury  to  the 
skin  ensues. 

Such  a  specification  of  dosage  may  seem 
not  to  involve  any  consideration  of  the  laws 
of  physics.  But  this  is  not  the  case  and  es- 
pecially so  when  one  considers  questions  of 
deep  therapy,  of  filters,  of  proposed  varia- 
tions in  apparatus  and  countless  other  phases 
of  the  development  of  therapy  in  which  we 
are  bound  to  be  guided  by  our  concepts  of 
physics.  The  well  established  laws  of  radia- 
tion need  no  defence,  neither  do  their  careful 
consideration  in  the  matters  at  hand  require 
any  apology. 

It  seems  to  the  writer  quite  unfortunate 
at  this  time,  when  we  are  shortly  to  be  able 
to  clear  up  many  of  the  disputed  points  in 
therapy,  to  have  several  articles  in  this  and 
other  journals  giving  c(uite  erroneous  inter- 
pretations of  observations.  The  first  article 
by  Remer  and  Witherbee  in  June,  191 7, 
questioned  the  voltage  law  as  measured  by 
pastilles.  There  was  no  reason  to  assume  that 
photographic  densities  and  color  changes 
would  run  parallel  to  each  other  or  either  of 
them  to  skin  effects  over  any  considerable 
range.  And  no  claim  had  been  made  that  such 
was  the  case. 

In  this  same  article  the  inverse  square  law 
was  c{uestioned  when  filters  were  used.  While 
the  writer  dislikes  to  appear  controversial, 


references  to  his  work  have  been  made  in 
several  of  these  articles,  and  he  has  recently 
received  letters  from  many  sources  asking 
if  the  published  results  are  in  accord  with 
his  experiments.  This  seems  to  make  a  public 
answer  unavoidable,  especially  as  the  writers 
of  some  of  these  letters  say  they  had  unfor- 
tunate results  when  believing  they  followed 
Witherbee  and  Remer's  formulation. 

As  in  many  other  cases  many  of  the  ob- 
servations  of  these  authors  are  of  value 
even  though  their  explanations  may  be 
wrong,  but  explanations  based  on  incorrect 
ideas  almost  invariably  lead,  sooner  or  later, 
to  absurd  or  dangerous  procedures.  In  some 
cases  they  result  in  the  development  of  im- 
proper or  useless  appliances,  in  others  in  se- 
rious injury  to  patients,  and  they  always 
tend  to  bring  the  work  into  disrepute. 

When  writers  challenge  the  validity  of 
well  established  physical  laws  they  must  ex- 
pect a  critical  scrutiny  of  their  contentions. 
So  in  the  present  case  we  may  consider  va- 
rious statements  of  these  authors  as  to  their 
concordance  and  probability.  In  all  of  With- 
erbee and  Remer's  work  full  reliance  is 
placed  on  their  pastille  readings  or  on  color 
changes  on  the  skin.  As  regards  the  latter 
one  might  secure  a  fairly  pronounced  ery- 
thema that  would  hardly  be  deepened  in  color 
by  a  considerable  increase  of  exposure. 
There  may  also  be  quite  a  difference  in  bio- 
logical effects  at  greater  depths  for  the  same 
apparent  erythema.  As  regards  the  compari- 
son of  erythemas  and  coloration  of  the  skin 
it  would  be  well  to  remember  that  precon- 
ceived notions  may  unconsciously  greatly  in- 
fluence readings  in  color  matching.  It  is  cer- 
tainly questionable  whether  an  ordinary 
photograph  of  the  patient's  skin  is  a  reliable 
indication  of  the  effect  of  radiation. 

Taking  now  the  article  by  these  authors  in 
the  N.  Y.  Medical  Journal,  June  26,  1920. 
We  may  note  reference  to  the  work  of  191 7, 
where  it  was  first  asserted  that  the  inverse 
square  law  was  in  error  for  filtered  rays.  All 
factors  except  distance  remaining  the  same 
it  is  stated  that  at  half  distance  one  gets  only 
twice  instead  of  four  times  the  dose.  Or  if 
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one  gets,  say,  4  units  at  10  inches  one  would 
get  2  at  20  inches  instead  of  only  i. 

Such  a  result  is  contradictory  to  all  physi- 
cal experience  with  radiant  sources  as  small 
as  we  have  in  the  jr-ray  tube  where  the  vari- 
ation of  distance  from  various  points  of  the 
source  to  an  external  point  is  too  slight  to 
consider.  The  claim  is  also  self-contradictory 
since  any  given  filter  absorbs  a  definite  frac- 
tion of  the  radiation  it  receives  quite  inde- 
pendent of  the  intensity.  Placed  close  to  the 
source  more  is  received  and  more  absorbed, 
further  away  less  is  received  and  correspond- 
ingly less  is  absorbed,  but  always  the  same 
fraction  of  that  received. 

Now  the  authors  admit  the  inverse  square 
law  is  all  right  for  unfiltered  rays. 

Suppose  a  filter,  F,  (Fig.  3),  is  placed  at 
5  inches  from  T  and  the  radiation  is  received 
on  an  areas  S  just  beyond  F.  Let  F  receive  8 
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Fin.  3.  F  just  in  front  of  S  receives  8  units  of  radia- 
iLon,  it  filters  out  Yi  or  transmits  4  units.  This  gives 
only  one  unit  on  an  area  S '  equal  to  S  but  twice  as 
far  avi^ay.  Remer  and  Witherbee  say  it  gives  2 
units.  Transfer  F  to  F',  they  admit  that  if  not  fil- 
tered the  intensity  at  F'  (no  filter  at  F)  would  be 
only  2  units  and  it  removes  50%  and  we  get  only 
I  unit  on   S'. 

arbitrary  units  of  radiation  per  sq.  cm.  and 
be  of  such  a  thickness  as  to  absorb  50  per 
cent  of  this  amount,  then  a  sq.  cm.  perpen- 
dicular to  the  rays  just  beyond  F  would  re- 
ceive 4  units.  According  to  Witherbee  and 
Remer  a  sq.  cm.  of  surface  S,  at  10  inches 
would  receive  two  units  instead  of  only  one 
as  predicted  by  the  inverse  square  law.  Now 
move  the  filter  twice  as  far  away  to  F;  at 
10  inches  it  is  admitted  that  the  filter  would 
receive  only  one  fourth  of  what  it  did  at  5 
inches,  or  only  2  units. 

Receiving  only  2  units  and  absorbing  50 
per  cent  of  what  it  received,  it  would  trans- 
mit only  one  unit.  So  it  would  follow  if  the 


physical  law  is  not  obeyed  it  would  make  a 
great  difference  where  we  placed  the  filter, 
while  in  fact  it  makes  no  difference. 

It  is  interesting  to  observe  that  their  claim 
as  to  the  effect  of  distance  is  exactly  com- 
parable to  their  observation  on  change  of 
voltage,  i.e.,  if  the  V^  law  is  true  we  would 
have  four  times  as  riiuch  rediation  for  a 
doubled  voltage.  They  say  only  twice  as 
much.  Halving  the  distance  gives  four  times 
as  much  radiation  on  the  same  area,  but  these 
authors  say  they  read  only  twice  as  much. 
Does  it  not  seem  strange  they  should  get  this 
exact  discrepancy  in  two  different  cases  and, 
granting  as  good  readings  as  possible,  would 
not  one  be  justified  in  doubting  the  method  ? 
Next  in  this  article  we  read  that  dosage  is 
not  in  proportion  to  time.  Using  3  mm.  of  al. 
and  all  remaining  conditions  the  same: 

2  min.  gives  i  H 

2y^  2  min.  gives  i  ^  H 

3X2  min.  gives  2  H 
Summarizing,  if  at  a  voltage  V,  distance  D, 
and  time  T,  we  get  a  dose  H : 
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Fig.  4.  Increase  in  Dose  Indication  with  Equal 
Increments  of  Time.  Dotted  straight  line  shows 
how  an  indicator  ought  to  behave.  Full  line  shows 
Remer  and  Witherbee  readings. .  Exterpolated  be- 
yond by  dotted  lines.  Uncertain  just  how  it  would 
read  at  4T. 
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This  failure  of  the  pastilles  to  read  in  pro- 
portion to  time  according  to  the  observations 
reported  is  significant.  In  Figure  4  the 
straight  line  shows  the  increase  of  dose  with 
increase  of  time,  all  other  factors  unchanged. 

T  =  time  for  i  skin  unit.  But  their  read- 
ing at  2T  must  be  increased  by  one  third  of 
itself  to  come  to  2H,  the  reading  at  3T  must 
be  increased  by  50  per  cent  of  itself  to  give 
3H,  and  extending  the  curve,  in  the  absence 
of  readings,  to  4T,  indicates  that  the  reading 
at  4T  would  have  to  be  increased  about  80 
per  cent  to  satisfy  the  law  of  constant  in- 
crease with  time.  Hence  if  under  one  set  of 
circumstances  the  pastille  is  so  much  too  low 
that  one  must  add  80  per  cent  to  2H  to  get 
a  rational  measure,  just  why  not  add,  say, 
100  per  cent  to  the  2H  reading  in  the  voltage 
and  in  the  distance  experiments? 

The  law  of  uniform  increase  of  dose  zvitJi 
time  for  all  other  conditions  constant  has 
always  been  used  to  determine  the  fractional 
scales  for  both  the  Kienbock  and  pastille 
methods.  After  a  reading  of  2H  was  attained 
we  were  told  to  double  the  time  for  4H. 
Thus  the  scales  used  by  these  authors  were 
fixed  by  using  the  laws  whose  validity  they 
deny. 

There  should  be  a  careful  distinction  be- 
tween applied  dose  and  the  effect  produced 
by  the  application.  Thus  if  5H  is  the  dose 
received  by  a  pastille  it  shows  a  marked 
change  in  color,  if  an  additionad  dose  of  5H 
is  then  applied  bu*-  little  further  color  change 
is  shown.  The  dose  is  a  physical  entity,  its 
effect  is  dependent  on  the  variable  state  of 
the  receiving  substance.  Also  if  a  tendency  to 
recover  is  present  we  have  another  factor  in- 
volved. Thus  with  very  weak  radiation  in 
moist  air  and  diffuse  light  one  may  have  the 
rate  of  recovery  of  a  pastille  just  balance  the 
action  of  the  radiation,  yet  one  would  hardly 
claim  no  dose. 

In  this  same  article  we  read  as  follows: 

"Recently  the  pastille  readings  were  taken 
using  %,  Yz,  I,  2,  3,  4,  5,  6,  and  7  mm.  of 
aluminum,  respectively.  Throughout  these 
experiments,  instead  of  the  half  distance  pas- 
tille registering  tzuice  the  amount  of  that  at 


full  distance  we  find  that  when  the  half  dis- 
tance pastille  reaches  one  and  a  half  skin 
units  the  full  distance  pastille  reads  one  skin 
unit  and  when  the  half  distance  pastille 
reaches  two  skin  units  the  full  distance  reads 
one  and  a  quarter.  The  only  exception  to  this 
is  when  5,  6  and  7  mm.  of  aluminum  are 
used.  These  register  half  the  dose  of  full  dis- 
tance and  formula.  This  agrees  with  the  bio- 
logical results." 

It  is  rather  strange  that  only  after  5  mm. 
are  used  do  we  get  agreement  with  biological 
results. 

In  their  previous  work  they  declared  a 
ratio  of  I  to  2  for  3  mm.  of  aluminum  at  full 
and  half  distance.  The  physical  law  asserts 
the  ratio  is  always  i  to  4. 

Remer  and  Witherbee  read  i  to  1.5  at  first, 
then  154  to  2,  or  I  to  1.6  up  to  4  mm.  of 
aluminum,  then  at  once  i  to  2.  So  we  see  that 
the  pastilles  are  not  consistent  with  them- 
selves as  the  ratio  of  readings  is  variable 
when  two  are  treated  alike  for  comparison. 


— 

— 

— 

— 

— 

— 

■  -' 

— 

-~ 

— 

1 

P 

— 

— 

— 

— 

-y 

r"     ; 

— 

'/t  - 

c  ■ 

ti. 

/ 

-tfi 

1 

1^^' 

/ 

''-t 

j 

-if.— 

-_i 

Ll^ 

__ 

_ 

% 

iiii 

30] 

It; 

4:   :■ 

t; 

— 

— 

— - 

-- 

i 

— 

z 

Z 

" 

— 

1 

— 







f 

. 

~~- 





^r 

— 

— - 

— 

V 

- 

- 

— 

— 

— 

:a 

— 

P* 

r^ 

lJ 

— 

^ 

— 

— 

/(7\ 

Z 

'A 

—- 

— 

I 

— 

— 

*i: 

r 

— 

— 

— 

— 

— 

: 

t:    ■ 



!jlj 

Hl-ll 

W\ 

% 

iSi 

Si 

u 

1 

■till 

1 

M 

1 

m 

n 

p 

m 

/ 

r 

V 

i 

0 

2 

/ 

^ 

m 

Fig.  5.  Exposure  Times  for  iH,  Current,  Distance 
AND  Gap  Constant  but  Using  Different  Thick- 
nesses OF  Aluminum.  Such  an  irregular  line  is 
highly  improbable. 

One  way  in  which  we  may  see  whether  re- 
sults are  fairly  reasonable  or  not  is  to  plot 
curves  between  two  related  quantities.  Plot- 
ting from  the  data  given,  time  for  one  skin 
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unit  at  constant  gap,  current  and  distance 
against  thickness  of  aluminum  used  as  a  filter 
we  have  Figure  5.  Such  results  are  quite  im- 
possible unless  all  experiments  done  hereto- 
fore are  wrong.  Why  such  a  break  at  3  mm. 
and  such  a  jump  between  4  and  5?  And 
surely  no  one  knowing  anything  of  the  effect 
of  thickness  can  believe  that  7  mm.  and 
upwards  would  transmit  the  same  amount  of 
radiation  as  5  mm. 

Again  we  read: 

"The  principle  involved  in  this  experiment 
apparently  changes  the  classical  law  of  light, 
namely,  the  amount  of  light  varies  from  the 
source  according  to  the  inverse  square  of  the 
distance.  Filtered  .^-ray  produces  double  the 
amount  of  half  distance  instead  of  four 
times. 

"We  understand  that  these  results  in  no 
way  conform  to  any  existing  law  of  physics. 
We  have  been  unable  thus  far  to  explain  the 
cause  of  the  above  phenomena  and  simply 
wish  to  report  our  findings." 

The  authors  further  remark:  "W^e  do  not 
see  the  necessity  of  using  more  than  five 
mm.  of  aluminum  as  a  maximum  without  the 
addition  of  a  piece  of  glass,  leather,  or 
wool."  Why  add  glass,  leather  or  wool? 
Because  of  some  property  not  recognizable 
by  physical  experiment?  Or  because  some 
have  used  these  as  filters?  At  the  end  of 
the  reprint  we  are  told  their  "results  explain 
the  practicability  of  filtered  ray  for  pro- 
ducing the  maximum  effect  on  the  parts  be- 
neath the  skin  when  compared  with  unfiltered 
dosage."  A  fact  fully  explained  without  any 
need  of  the  denial  of  the  laws  of  radiation. 
The  whole  result  of  these  arguments  is,  if 
anything,  to  discredit  entirely  such  methods 
of  measurement. 

In  the  Medical  Record,  July  31,  1920,  we 
have  another  article  entitled  "The  Cause  of 
Z-Ray  Burns." 

There  appears  in  this  article  so  much  that 
is  fallacious  that  it  constitutes  a  serious  men- 
ace to  rational  therapy.  Omitting  the  figures 
that  purport  to  show  equality  of  dosage  by 
ordinary  photography  of  the  skin  the  main 
portions  of  the  article  may  be  quoted.  The 


paragraphs   are   numbered   solely   for  easy 
reference. 

1.  "During  the  early  days  of  roentgenology, 
when  the  gas  .ar-ray  tube  was  all  there  was,  we 
were  especially  warned  against  the  use  of  any 
factors  with  very  low  voltages,  for  the  reason 
that  low  voltages  produce  an  immense  number 
of  rays  of  low  penetration  which  are  absorbed 
by  the  skin  and  hence  more  liable  to  cause  an 
;tr-ray  burn  than  the  high  voltages  whose  rays 
are  of  high  penetration  and  not  absorbed  b}' 
the  skin. 

2.  "The  above  theory  has  been  handed  down 
from  year  to  year  and  it  is  only  within  the  last 
few  years  that  the  fallacy  of  it  has  been 
realized. 

3.  "Soon  after  the  announcement  of  Sabor- 
aud  and  Noire  method  of  treatment  of  ring- 
worm of  the  scalp,  many  attempted  to  carry 
out  the  procedure  with  an  .sr-ray  coil  instead 
of  a  static  machine  as  used  by  the  originators. 
This  resulted  in  overdosage  and  permanent 
baldness  in  many  of  the  cases.  The  reason  for 
this  was  the  failure  of  the  operator  of  the  coil 
to  maintain  a  constant  high  voltage  for  any 
length  of  time  as  compared  with  the  tube  main- 
tained by  the  static  machine. 

4.  "This  drop  in  voltage  in  the  gas  tube  no 
doubt  increases  the  number  of  low  penetrating 
rays,  and  it  was  naturally  concluded  from  the 
theory  of  absorption  that  they  were  the  cause 
of  permanent  alopecia  or  jtr-ray  burn.  In  order 
to  test  out  this  theory,  the  following  experi- 
ment was  made  with  a  Coolidge  Tube  and  re- 
ported in  the  June  issue  o.f  1917  of  the  Ameri- 
can Journal  of  Roentgenology. 

5.  "Four  areas  of  a  patient's  back  were 
treated  with  the  following  factors  for  each 
area: 

MA  Sp.  G.  T 

No.   I.  3X3X5  =  ly'  skin  units  =  kK; 
8DX8D 

No.  2.    3X6X2j^  ^  j^  skin  units  =  5H; 
8X8 

No.  3.  3X45^X3^  ^  J  i^  gi^ij^  yj^i^g  ^    fj 
8X8  .  0     ' 

No.  4.    3X9X1^  ^  ji^  gj^jj^  yj^j^g  ^  -fj_ 
8X8 

6.  "The  photograph  of   the  patient  taken 
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ten  days  after  treatment  demonstrates  that 
all  areas  coincide,  yet  in  two  of  them,  namely 
No.  2  and  No.  4,  the  spark  gap  was  doubled 
and  one-half  the  time  taken  for  exposure  that 
was  given  in  No.  i  and  No.  3,  respectively.  It 
therefore  follows  that  if  the  spark  gap  is 
doubled  and  the  time  reduced  one-half,  the 
same  degree  of  erythema  will  be  produced, 
other  factors  remaining  constant. 

7.  "From  the  standpoint  of  quaUty  of  .r-ray 
in  the  above  experiment,  the  formula  with  6-in. 
and  9-in.  spark  gaps  (No.  2  and  No.  4)  should 
give  a  very  large  percentage  of  penetrating 
rays  as  compared  with  the  3-in.  and  4^/2 -in. 
(No.  I  and  No.  3),  and  hence  one  would  ex- 
pect that  these  penetrating  rays  derived  from 
the  higher  spark  gaps,  6  and  9  (No.  2  and  4) 
would  pass  through  the  skin  and  take  much 
longer  to  produce  the  same  degree  of  erythema 
as  that  followed  by  the  use  of  3  and  4^ -in. 
formulae  (No.  i  and  No.  3).  Exactly  the  re- 
verse proves  true.  For  it  took  just  one-half  the 
time  for  the  same  biological  effect  in  the 
doubled  spark  gaps  (No.  2  and  No.  4)  as  it  did 
in  the  3  and  4^-in.  (No.  i  and  No.  3) 
formulae. 

8.  "It  is,  therefore,  apparent  that  the  quality 
of  the  ray  and  the  absorption  of  those  of  long 
wave  length  have  little  to  do  with  the  biological 
effects  in  the  skin.  On  the  other  hand,  it  seems 
that  the  factor  which  determines  this  effect  is 
solely  the  quantity  of  .:r-ray  reaching  the  skin, 
for  it  is  obvious  that  a  high  spark  gap  produces 
more  rays  that  reach  the  skin  than  the  same 
dose  with  a  low  spark  gap. 

9.  "Recently  we  have  tried  out  the  following 
factors  on  the  skin  of  a  patient's  back : 

MA  Sp.  G.  T 

5X9X9/1-6  min.  __ 


6X6  D 
33^  sec.  =  1/4  skin  unit 


^H. 


10.  "This  is  an  er}thema  dose  without  a 
filter.  The  filtered  erythema  dose  using  3  mm. 
of  aluminum  is  as  follows : 

MA  Sp.  G.  T 
5X9X77  mi"-  _ 
6  D 
25^  skin  units  =  loH. 


thema  are  identical.  No.  i  was  produced  by 
the  unfiltered  erythema  dose ;  No.  2  by  the 
filtered  erythema  dose.  Biologically,  to  all  ap- 
pearances, the  erythema  produced  in  33^  sec- 
onds by  the  unfiltered  ray  is  the  same  as  that 
produced  in  7  minutes  and  42  seconds  by  the 
filtered. 

12.  "If  the  voltage  determines  the  quality  of 
the  ray,  then  in  this  experiment  the  voltage  is 
the  same  in  both  instances ;  the  only  differ- 
ence is  the  interposition  of  3  mm.  of  aluminum 
and  about  ten  times  longer  exposure  for  the  fil- 
tered dose  as  the  unfiltered.  Here  again  the 
quantity  of  x-xz.y  reaching  the  skin  is  materi- 
ally lessened  by  the  aluminum,  thus  making  the 
enormous  difference  in  the  time  of  exposure. 

13.  "This  dose  with  3  mm.  of  aluminum 
takes  a  little  over  ten  times  as  long  to  produce 
an  erythema  as  it  does  without  aluminum.  In 
speaking  of  this  dose  some  writers  would  say 
that  they  gave  ten  erythema  doses.  This  state- 
ment without  qualification  is  misleading.  In 
reality  the  effects,  so  far  as  the  skin  reaction 
is  concerned,  are  identical.  If  then  the  filtered 
and  unfiltered  erythemas  are  the  same,  the  only 
difference  being  in  the  number  of  rays  reaching 
the  skin,  thus  increasing  the  time,  why  is  it 
that  a  filtered  dose  is  five  or  ten  or  any  other 
number  of  erythema  doses?  The  fact  remains 
tliat  biologically  filtered  and  unfiltered  erythe- 
mas are  identical,  as  exemplified  in  Experi- 
ment No.  2,  illustrated  in  Fig.  2;  that  1%.  skin 
units  unfiltered  =  5.H  or  one  erythema  dose, 
also  that  2^  skin  units  filtered  or  one  filtered 
erythema'  dose. 

14.  "By  increasing  the  thickness  of  the  filter 
and  decreasing  the  spark  gap  the  time  neces- 
sary for  a  filtered  erythema  dose,  namely  2^/2 
skin  units  can  be  progressively  increased. 
Although  decreasing  the  spark  gap  in  unfiltered 
dosage  lengthens  the  time  of  exposure  for  an 
erythema  dose,  the  time  ratio  between  the 
lower  voltages  and  the  thickness  of  the  filter  is 
many  times  greater  than  those  of  the  higher 
voltages.  Therefore,  one  might  select  a  formula 
with  a  very  low  voltage  and  be  able  to  say  that 
one  gave  forty  or  fifty  erythema  doses. 

15.  "If  then,  in  describing  the  technique  of 
filtered  dosage  we  adopt  2^  skin  units  as  the 
standard  for  an  erythema  dose,  we  can  use  it 
with  the  same  degree  of  accuracy  as  we  have 
the  erythema  dose  of  unfiltered  dosage." 


II.  In  the  photograph  both  areas  of  ery-  Among  the  lessons  learned  by  the  early 
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roentgenologists  at  the  price  of  bitter  expe- 
rience the  one  that  stands  without  modifica- 
tion to-day  is  stated  in  paragraph  i.  The 
"fallacy"  is  solely  in  the  proposed  explana- 
tion by  these  authors. 

When  the  voltage  at  which  a  tube  is  oper- 
ated is  reduced,  rays  of  all  kinds  (i.e.,  of  all 
wave  lengths)  emitted  by  the  tube  are  de- 
creased in  intensity,  none  whatever  are  in- 
creased, many  are  reduced  to  nothing.  The 
static  machine  gives  a  larger  percentage  of 
sJwrt  wave  lengths  than  a  coil  operated  at  the 
same  spark  gap.  It  may  also  be  remarked  that 
if  one  operates  a  coil  with  inverse  through 
the  tube  the  milliampere  reading  will  be  the 
difference  between  direct  and  inverse  so  that 
one  might  even  have  the  meter  read  zero  and 
yet  operate  the  tube.  In  such  a  case  we  surely 
would  have  excess  dosage.  But  now  the 
authors  introduce  experiment  and  then  inter- 
pretation as  in  paragraph  7.  There  is  here 
exhibited  a  common  confusion  of  mind  in  the 
use  of  the  term  quality  of  x-ray.  If  a  tube 
operated  at  a  4}^  in.  gap,  emitted  only  one 
(ray?)  i.  e.,  one  wave  length,  h,  and  at  a  9 
in.  gap  it  ceased  the  emission  of  h,  and  sub- 
stituted,a  new,  more  penetrating  ray  of  wave 
length  I2,  and  if  these  carried  the  same  en- 
ergy the  "much  longer"  contention  claimed 
as  a  prediction  from  the  theory  would  be  well 
founded.  But  the  facts  are  entirely  otherwise, 
and  the  so-called  "reverse"  only  shows  a  mis- 
conception of  well  founded  laws.  There  are 
rays  at  a  9  in.  gap  more  penetrating  than  any 
at  a  43^2  inch,  also  all  those  present  at  a  4^2 
inch  gap  are  present  in  increased  intensity  at 
a  p  inch  gap. 

On  account  of  the  smaller  percentage  ab- 
sorption of  the  rays  of  higher  penetration 
that  are  added  when  the  operating  voltage  is 
raised  one  should  not  expect  that  the  time 
for  erythema  would  be  reduced  to  one-fourth 
by  doubling  the  gap  but  the  writer  believes 
that  it  is  reduced  much  more  than  stated  in 
the  article  quoted. 

Paragraph  8  is  the  most  dangerous  mis- 
statement relating  to  .r-ray  therapy  that  the 
writer  has  read  in  a  long  time.  To  say  that 
the  absorption  of  waves  of  long  length  has 


little  to  do  with  biological  effects  is  to  con- 
tradict all  experience.  Again  experiment  and 
explanation.  Two  doses,  equal  according  to 
the  belief  of  the  authors  were  given  to  a 
back  and  a  photograph  taken.  Suppose  they 
had  given  8  min.  or  9  min.  with  filter  and 
25  sec.  or  40  sec.  instead  of  33^  without 
filter,  would  the  photographs  have  been  dif- 
ferent? In  other  words  how  accurately  does 
equality  of  negative  density  or  even  the 
unaided  eye  as  a  measure  of  erythema  in- 
dicate dosage?  And  if  accurate  enough  for 
skin  therapy  are  they  good  guides  for  deep 
therapy  ?  Also  the  writer  sincerely  hopes  no 
one  will  use  a  p  in.  gap  and  a  6  in.  target 
skin  distance. 

In  12  we  again  see  lack  of  perception  of 
the  real  facts.  It  is  true  that  the  quality  of 
the  beam  before  filtration  was  the  same  in 
the  two  cases,  also  the  filter  did  reduce  the 
quantity  of  all  wave  lengths  reaching  the 
skin,  but  the  reduction  is  enormously  greater 
in  the  long  wave  lengths  so  the  quality  of 
the  radiation  reaching  the  skin  in  the  two 
cases  ivas  very  different.  The  only  remark 
which  we  might  agree  with  is  the  objection 
to  describing  dose  by  the  number  of  X  or  H 
units  or  multiples  of  erythema  doses. 

Now  it  is  true  that  the  same  skin  effect 
may  result  from  the  absorbtion  of  equal 
quantities  of  radiation  irrespective  of  the  ac- 
tual wave  lengths,  but  the  effect  is  never  con- 
fined to  the  skin  alone.  Thus,  glands  are  of- 
ten affected  to  a  greater  Extent  than  is  indi- 
cated by  the  skin  reaction.  The  patient,  not 
simply  the  patient's  skin,  is  treated. 

The  article  in  this  Journal  (October, 
1920,  pp.  485-492)  contains  the  same  errors 
as  those  already  cited,  in  fact  in  the  main  it 
is  a  rearranged  reprint  of  the  others ;  note  the 
second  column  of  page  488  and  the  difficult 
expression  as  to  gaps  on  page  489. 

Whether  or  not  doses  of  filtered  radiation 
such  as  described  by  these  authors  are  both 
useful  and  safe  must  be  left  to  the  experience 
of  those  who  use  them.  But  to  base  dosage 
on  a  method  that  is  so  much  at  variance  with 
well  established  physical  laws,  and  giving 
readings  inconsistent  among  themselves,  re- 
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quiring  such  a  vast  amount  of  useless  arith- 
metic can  only  lead  to  confusion. 

Why  cumber  our  literature  with  all  sorts 
of  units  such  as  H,  skin  units,  Yz  H,  Hamp- 
son  units,  X  units,  etc.  No  one  conversant 
with  any  of  these  units  can  fail  to  realize 
the  difficulties  in  their  use.  While  trans- 
formers and  high  tension  rectifiers  are  not 
perfectly  comparable  one  with  another,  yet 
if  the  rectifier  is  properly  set  and  the  milli- 
ammeter  is  reasonably  correct,  dosage  can  be 
quite  accurately  reproduced. 

If  experience  shows  that  a  patient  having 
a  given  disease  is  most  benefited  on  the  aver- 
age by  using  a  certain  current,  sp.  gap,  dis- 
tance, exposed  area,  filter  and  time,  that 
specifies  hozu  to  attain  the  desirable  dose.  If 
the  first  four  are  constant  the  gap  being  se- 
lected properly  and  reasonable  current  and 
distance  used,  let  us  assume  that  half  this 
dose  is  given  when  the  time  is  halved.  Then 
when  quarter  or  other  fractional  doses  are 
prescribed  there  is  only  one  factor  to  divide 
and  we  have  no  cumbersome  formulae  giving 
a  fictitious  appearance  of  accuracy. 

Finally  it  will  probably  be  found  that  dis- 
crepancies between  physical  laws  and 
amounts  and  quality  of  radiation  as  esti- 
mated by  color  changes,  etc.,  are  due  either 
to  incorrect  exposition  or  understanding  of 
physics  or  to  defects  or  limitations  in  the 


methods  of  measurement.  In  fact  the  writer 
ventures  to  predict  that  rational  radiation 
therapy  will  finally  be  based  on  the  physical 
laws  of  radiation.  The  application  of  such 
radiation  will  ultimately  be  perfected  by  ref- 
erence to  the  cumulative  experience  of  those 
who  apply  these  laws  properly. 

Only  when  dosage  measurements  are  ex- 
pressed in  a  common  language,  using  terms 
capable  of  exact  meaning  can  we  hope  to 
have  the  present  chaotic  condition  clarified  so 
as  to  realize  at  once  the  ultimate  value  and 
the  equally  important  limitations  of  this 
therapeutic  agent. 

Again  I  wish  to  call  attention  to  the  reason 
for  this  criticism.  I  am  questioning  neither 
the  therapy  nor  the  care  or  skill  in  reading 
pastilles  of  the  authors.  Whether  one  should 
use  filtered  or  unfiltered  radiation,  6  or  12 
inch  spark  gap,  one  minute  or  one  hour,  is 
not  for  me  to  say  and  I  surely  would  not 
discuss  such  matters  in  print.  But  what 
therapists  will  do  with  radiation  depends 
very  much  on  their  conception  of  the  physi- 
cal side.  The  extension  to  higher  or  lower 
voltages  and  choice  of  filters  ought  to  be 
based  on  correct  use  of  the  physics  involved, 
to  the  end  that  therapists  may  secure  repro- 
duction of  results,  or,  failing  that,  may  be 
sure  that  the  differences  are  due  to  the  pa- 
tient and  not  to  the  radiation  utilized. 
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KiXGERY,  Lyle  B.,  Ann  Arbor,  Mich,  Satura- 
tion in  Roentgen  Therapy — Its  Estimation 
and  ]\Iaintenance.  (Archives  of  Dermatology 
and  Syhilology,  April,  1920.) 

Two  widely  separated  methods  of  admin- 
istrating radiation  with  ;i--rays  have  been  in  use 
since  the  discover}'  of  roentgen  rays ;  the  older 
method  by  which  the  maximum  effects  are 
graduall)''  obtained  by  the  administration  of 
small  doses,  repeated  at  short  intervals,  and 
continued  over  a  long  period  of  time  ("frac- 
tional dosage"),  and  differing  radically,  the 
more  recent  method  of  "massive  dosage,"  by 
which  the  maximum  eft'ect  is  obtained  at  once. 
It  is  to  be  seen,  as  the  writer  points  out,  that 
in  each  method  the  maximum  effect  is  either 
preceded  or  followed  by  a  stage  during  which 
the  tissue  effects  are  not  definitely  shown.  In 
the  older  method  this  occurs  during  the  period 
before  cumulative  eft'ects  result  in  erythema.  In 
the  method  of  massive  doses,  a  period  of  in- 
definite influence  follows  the  original  maxi- 
mum effect. 

Each  cell  which  has  absorbed  roentgen  rays 
undergoes  a  biochemical  change,  which  may 
produce  on  appreciable  effect,  or  may  result  in 
stimulatibn,  inhibition  or  erythema,  according 
to  the  quantity  of  radiation  absorbed.  Presum- 
ably this  sequence  of  stimulation,  inhibition 
and  destruction  always  occurs ;  it  may  precede 
the  erythema  resulting  from  repeated  small 
exposures,  or  it  may  follow  in  the  reverse  or- 
der, the  erythema  consequent  to  a  single  large 
exposure.  In  other  words,  the  eft'ect  produced 
will  var}'  according  to  the  amount  of  rays  ab- 
sorbed by  the  cell,  and  one  aspect  of  our  prob- 
lem becomes  the  maintenance  of  the  optimum 
quantity  in  the  cell. 

This  depends  upon  the  rate  at  which  the 
effects  of  the  rays  are  lost.  Depending  on  this 
rate  is  the  frequency  with  which  exposures 
may  be  repeated,  and  the  quantity  that* may  be 
administered  at  each  exposure.  The  author  as- 
sumes that  tissues  exposed  to  jr-rays  lose  that 
effect  in  a  constant  manner.  The  greater  the 
concentration  of  the  biochemical  products  of 
irradiation,  the  higher  the  velocity  of  loss  is 
borne  out  by  certain  observations.  If  this  be 
true,  and  if  we  may  assume  that  the  rate  of 
loss  varies  directly  as  the  concentration  of 
some  hypothetical  decomposition  product,  then 


as  this  concentration  decreases,  the  velocity  of 
loss  will  become  less  in  the  same  ratio.  Thus, 
at  such  time  as  this  concentration  has  de- 
creased by  one  half,  the  corresponding  time 
rate  of  loss  shall  have  become  less  by  a  cor- 
responding amount,  and  so  on,  until  the  resid- 
ual effect  has  become  negligible.  This  rate  of 
loss,  theoretically,  would  represent  a  logarith- 
mic curve  and  may  be  so  calculated.  Such  a 
curve  has  been  established  for  many  chemical 
and  biologic  reactions,  which  we  know  as 
"mass  reactions,"  and  if  we  may  be  permitted 
to  draw  an  analogy,  the  biochemical  change 
resulting  from  the  absorption  of  roentgen  rays 
by  tissue  elements  may  follow  a  similar  law. 

Proceeding  upon  the  basis  of  the  above  hy- 
pothesis, that  the  decreasing  residual  effects 
of  roentgen  rays  follow  a  logarithmic  curve,  a 
series  of  experiments  were  undertaken  by 
Kingery.  He  found  that  a  full  dose  could  be 
repeated  after  an  interval  of  fourteen  days 
without  producing  unfavorable  complications. 
Trying,  then,  the  interval  at  which  75  per  cent 
and  50  per  cent  could  be  given,  he  found  it  to 
be  seven  and  three  and  a  half  days  respectively, 
that  is,  at  the  end  of  seven  days,  75  per  cent  of 
the  original  dose  could  be  given  without  tm- 
favorable  reaction,  and  at  the  end  of  three  and 
a  half  days,  50  per  cent  of  the  original  dose 
could  be  given.  From  these  inten'als,  a  curve 
was  constructed  showing  the  intervals  at  which 
a  co-ndition  of  "saturation"  diminished  until 
there  is  little  effect  remaining  in  the  tissues. 
By  consulting  this  chart  or  curve,  it  is  possible 
at  the  end  of  four,  five,  six,  days,  or  at  the  end 
of  any  interval  less  than  two  weeks,  to  deter- 
mine the  percentage  of  the  original  dose  given 
to  bring  the  tissues  irradiated  back  to  the  same 
point  of  saturation  previously  administered. 

In  conclusion  Kinger}^  enumerates  the  ad- 
vantages of  this  method : 

1.  Accuracy  with  which  desired  irradiation 
effects  may  be  obtained  and  continued. 

2.  Avoidance  of  stages  of  incomplete  satura- 
tion, perhaps  of  questionable  influence,  by 
properly  measured  doses  at  proper  inten^als. 

3.  Ability  to  duplicate  accurately  eff'ects 
after  various  time  intervals,  even  by  different 
operators. 

4.  Constant  protection  of  patients  from  the 
results  of  improper  time  and  dose  relations. 

K.  F.  Kesmodel,  M.D. 
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THE  INTRALARYNGEAL  APPLICATION  OF  RADIRM 
FOR  CHRONIC  PAPILLOMATA* 

By  PRESTON  M.  HICKEY,  M.D.,  F.A.C.P.,  F.A.C.S. 

DETROIT,      MICHIGAN 


usually  recommended  for  this  condition  was 
employed.  The  growths,  however,  speedily 
recurred.  In  fact,  incomplete  operation 
seemed  to  stimulate  the  neoplasm. 

Accordingly,  it  was  decided  to  do  a  laryn- 
gotomy,  as  the  obstruction  was  becoming  so 
pronounced.  An  incision  was  made  and  the 
larynx  split,  the  growths  were  completely 
removed  by  the  curette,  and  the  seat  of  op- 
eration was  thoroughly  cauterized,  after 
which  the  larynx  was  closed.  Microscopical 
examination  of  the  pieces  removed  showed 
that  the  growth  was  a  benign  papilloma.  Re- 
currence, however,  took  place  in  a  few  weeks, 
with  the  return  of  so  much  obstruction  that 
an  emergency  tracheotomy  had  to  be  per- 
formed. After  the  tube  was  inserted  and  the 
breathing  relieved,  the  patient  received  a 
thorough  course  of  .r-ray  treatments,  but  no 
beneficial  effect  was  noted. 

During  the  writer's  absence  in  foreign  ser- 
vice, the  patient  made  two  trips  to  a  weil- 
known  western  surgical  center,  where  two 
unsuccessful  attempts  were  made  to  intro- 
duce the  direct  laryngoscope.  Inasmuch  as 
it  was  impossible  to  remove  the  growth  sur- 
gically, the  patient  was  treated  by  applying 
radium  externally.  There  resulted,  however, 
no  diminution  in  the  size  of  the  growths. 

On  the  writer's  return,  examination  of  the 

"Read  at  the  Twenty-first  Annual  Meeting  of  The  American  Roentgen   Ray  Society,   Minneapolis,   Minn.,   Sept.   14-17,   1920. 


THE  purpose  of  this  paper  is  to  describe 
the  treatment  of  intractable  papillo- 
mata  of  the  larynx  with  radium.  The  patient 
on  whom  this  was  used  is  now  thirty-eight 
years  of  age.  Ten  years  ago  she  noticed  that 
her  voice  showed  signs  of  huskiness;  soon  a 
complete  aphonia  developed.  She  was  treated 
by  her  family  physician  and  a  local  laryn- 
gologist  for  a  period  of  two  years ;  at  the 
time  I  first  saw  her,  she  had  had  a  loss  of 
voice  for  over  two  years. 

Laryngological  examination  showed  that 
the  lumen  of  the  larynx  was  occluded  with 
papillomatous  masses.  These  partially  cov- 
ered the  epiglottis  and  the  false  vocal  cords. 
An  attempt  was  made  to  remove  the  neo- 
plasm with  forceps  introduced  through  the 
Jackson  laryngoscope.  On  account  of  the  dif- 
ficulty in  hyperextension  of  the  neck,  owing 
probably  to  shortness  of  the  cervical  liga- 
ments, it  was  found  impossible  to  operate 
satisfactorily  with  the  direct  laryngoscope. 
Repeated  attempts  were  made,  both  under 
local  and  general  anesthesia,  to  obtain  a  di- 
rect view  of  the  larynx,  but  these  were  all  un- 
successful. A  number  of  pieces  were  removed 
by  the  indirect  method  of  the  laryngoscopic 
mirror  and  curved  forceps,  after  which  pro- 
longed local  treatments  were  given.  The 
whole    category     of     chemical     escharotics 
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patient  showed  that  the  epiglottis  was  com- 
pletely covered  on  its  posterior  surface  with 
villous  excrescenses,  and  the  interior  of  the 
larvnx  could  not  be  seen,  the  opening  being 
bl(3cked  bv  the  growth.  Neither  the  false  nor 
the  true  vocal  cords  could  be  distinguished. 
The  patient,  at  this  time,  had  worn  the 
tracheotomy  tube  continuously  for  a  period 
of  five  years.  During  this  time,  she  had  given 
birth  to  two  children,  with  no  seeming  in- 
convenience from  the  constant  wearing  of 
the  tracheotomy  tube. 

In  considering  the  case  from  its  various 
aspects,  it  seemed  futile  to  attempt  further 
surgical  treatment,  and  as  the  .r-ray  and  ex- 
ternal application  of  radium  had  been  un- 
successful, it  was  decided  to  attempt  the  in- 
troduction of  the  radium  capsule  into  the  in- 
terior of  the  larynx.  The  introduction  of  the 
capsule  with  laryngeal  forceps  presented  cer- 
tain difiiculties.  as  did  also  the  introduction 
of  the  radium  capsule  on  a  semi-flexible 
bougie.  Accordingly,  the  tracheotomv  tube 
was  removed  for  a  few  minutes  and  a  small, 
flexible  bougie  was  introduced  into  the 
trachea,  the  bougie  was  passed  upward 
through  the  larynx  and  seized  bv  forceps  and 
drawn  out  through  the  mouth.  A  strong 
thread  was  then  attached  and  pulled  down 
through  the  larynx  and  out  through  the 
tracheotomy  opening.  The  radium  capsvfle, 
with  its  rubber  filter,  was  then  attached  to 
this  ligature,  and  pulled  downward  bv  the 
thread  until  the  capsule  was  seen  bv  the  mir- 
ror to  be  wedged  in  the  superior  opening  of 
the  larynx.  Twenty-five  miligrams  of  radium 
placed  in  a  rubl^er  filter  were  allowed  to  re- 
main in  position  of  one  and  a  half  hours.  The 
patient  was  given  a  preliminary  dose  of  mor- 
phia to  quiet  the  cough  resulting  from  the 
introduction  of  foreign  material  in  the 
larynx.  The  tracheotomv  tube  was  re-intro- 
duced and  the  lower  end  of  the  thread  was 
attached  to  the  tube,  while  the  upper  end  of 
the  thread  was  anchored  to  one  of  the  teeth. 
In  this  way,  the  radium  capsule  was  held  im- 
mobile during  the  hour  and  a  half  of  treat- 
ment. 

Considerable  reaction  followed  the  first 
seance,  but  at  examination  about  one  month 


later  it  was  fecund  that  the  epiglottis  was 
practically  clear  of  papillomata.  At  the  sec- 
ond seance,  the  radium  capsule  was  drawn 
well  down  into  the  larynx,  with  the  dosage  of 
twenty-five  milligrams  for  one  hour.  This 
was  followed  by  only  a  mild  reaction,  and 
partial  disappearance  of  the  laryngeal 
growths.  The  true  and  the  false  vocal  cords 
then  became  visible. 

A  third  treatment  was  given  after  a  period 
of  two  months,  with  a  similar  dosage. 

After  three  treatments,  the  patient's 
larynx  was  practically  free  of  growths,  al- 
though a  few  small  tags  remained,  which  will 
be  subject  to  further  irradiation.  During  the 
past  week,  a  letter  was  received  from  the 
patient  in  which  she  states  she  is  now  able  to 
dispense  with  the  tracheotomy  tube  for  one- 
half  da\-  at  a  time. 

In  presenting  this  case  for  discussion,  and 
in  giving  the  case  history,  we  believe  that  we 
have,  in  the  intralarvngeal  application  of 
radium,  a  powerful  agent  for  the  destruction 
of  chronic,  recurrent  laryngeal  papillomata. 

From  the  laryngological  standpoint,  papil- 
lomata may  be  divided  into  two  great 
groups  ;  first,  those  which  are  easily  amenable 
to  surgical  treatment  and  which  do  not  tend 
to  recur  after  removal,  and,  second,  those 
which  show  a  remarkable  tendency  to  recur- 
rence even  after  the  most  thorough  surgical 
removal  and  cauterization.  It  is  in  the  treat- 
ment of  this  second  group  of  cases,  which 
fortunatelv  are  somewhat  rare,  that  the 
above  procedure  is  recommended. 

"Rapid  and  extensive  recurrence  in  his- 
tologically benign  form  is  observed  especially 
in  children,  and  illustrates  the  remarkable 
regenerative  powers  of  the  laryngeal  epithe- 
lium. Laryngotomy  and  excision  or  cauteri- 
zation has  been  performed  three,  four,  and 
even  seven  times  in  a  relatively  short  period 
before  the  disease  could  be  arrested  (Wilkin- 
son, Lendon,  Clubbe).  In  this  group  of  cases, 
radium  treatment  has  given  excellent  re- 
sults." Ewing,  X  CO  plastic  Diseases. 

From  a  pureh'  theoretical  standpoint,  ow- 
ing to  the  slight  abilitv  of  the  radium  rays  to 
penetrate  tissues,  it  would  seem  useless  to 
applv  radium  externally  to  the  larynx,  and 
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this  was  found  to  be  true  in  this  particular 
case.  The  procedure  here  recommended,  viz., 
the  introduction  of  a  stout  thread  through 
the  laryngeal  and  tracheal  opening  and  the 
immobilization  by  this  means  of  the  radium 
capsule  in  the  larynx,  offers  we  think  a  prac- 
tically sure  method  of  cure  of  these  hitherto 
intractable  cases. 

With  regard  to  the  technic{ue  employed,  it 
is  necessary  thoroughly  to  cocainize  the 
laryngopharynx  and  also  the  trachea  through 
the  tracheotomy  opening.  At  the  same  time, 
the  patient  should  be  given  enough  anodyne 
to  keep  the  cough  reflex  in  abeyance.  The  ob- 
servation of  the  position  of  the  radium  cap- 
sule in  the  larynx  was  difficult  when  the  ordi- 
nary laryngeal  mirror  was  employed.  Ac- 
cordingly, it  was  found  more  practica])le  to 
place  the  patient  before  the  fluoroscope  and, 
after  orientation  of  the  shadow  of  the  epi- 
glottis and  of  the  glottic  opening,  the  posi- 
tion of  the  radium  capsule  could  be  accur- 
ately determined.  If  the  capsule  was  placed 
too  high,  it  could  be  readily  drawn  down  by 
traction  on  the  ligature  through  the  trache- 
otomy opening.  This  procedure  was  found  to 
be  much  more  comfortable  for  the  patient 
and  far  more  accurate  than  observation  with 
reflected  light.  In  the  introduction  of  the 
bougie,  it  was  found  nuich  easier  to  introduce 
the  bougie  from  below  upward,  making  use 
of  the  tracheal  opening. 

Since  the  employment  of  the  intralaryn- 
geal  applications  in  this  case,  the  writer  has 
had  the  opportunity  of  using  the  radivmi  cap- 
sule in  an  advanced  case  of  carcinoma  of  the 
larynx,  where  a  tracheotomv  had  been  per- 
formed for  the  relief  of  obstruction  to 
breathing.  In  this  case,  it  was  difficult  to  in- 
troduce the  bougie  through  the  tracheotomy 
opening  up  into  the  larynx.  Acordingly,  the 
tracheotonn-  tube  was  reinserted  with  the 
tracheal  end  pointing  upward,  this  permitting 
the  bougie  to  pass  upward  into  the  larynx. 


This  procedure  had  to  be  performed  expe- 
ditiously, inasmuch  as  the  patient's  respira- 
tions were,  of  necessity,  cut  off. 

While  the  observations  on  the  effect  of  the 
treatment  of  carcinoma  by  the  radium  cap- 
sule are  as  vet  incomplete,  the  fact  remains 
that  it  is  perfectly  feasible  to  retain  in  this 
way  anv  desired  cpiantity  of  radium  in  inti- 
mate contact  with  the  diseased  tissue  for  any 
length  of  time  desired. 


1.  Epiglottis. 

2.  Radium   Capsule. 

3.  Hyoid  Bone. 

4.  Thyroid  Cartilage. 

5.  Chain  for  Retaining  Tracheotomy  Tube. 

Wiiere  it  is  not  desirable  to  perform  a  pre- 
liminar^•  tracheotomy,  it  is  possible  to  use 
an  intul)ation  tube  having  a  groove  cut  in  its 
side  for  the  holding  of  the  radium  capsule. 
The  method  described  above,  of  intralar}!!- 
geal  application  is  only  put  forward  as  a  sug- 
gestion for  treatment  in  cases  where  all  other 
methods  have  failed. 


OBSERVATIONS  ON  THE  BEHAVIOR  OF  THE  NORMAL 
PYLORIC  SPHINCTER  IN  MAN* 

By  C.  W.  McCLURE,  M.D.,  and  L.  REYNOLDS,  M.D. 

BOSTON,    MASSACHUSETTS 


Tf  XPERIMENTAL  studies  on  the  physi- 
-'-'  ological  factors  influencing  the  motor 
functions  of  the  gastro-intestinal  tract  and 
the  relation  of  these  motor  phenomena  to  the 
digestion  and  absorption  of  food  products 
have  been  largely  carried  out  on  animals.  But 
the  results  obtained  from  such  studies  can  be 
applied  only  in  a  general  way  to  the  physiol- 
ogy' of  the  digestive  tract  in  man.  It  follows 
that  more  intimate  knowledge  concerning 
various  phases  of  the  physiology  of  the  ali- 
mentary canal  in  man  would  aid  in  the  in- 
terpretation of  results  obtained  from  experi- 
mental studies  of  the  pathological  physiology 
of  human  digestion.  For  this  reason  certain 
phases  of  the  motor  functions  of  the  normal 
stomach  in  man  were  studied.  The  present 
preliminary  report  largely  deals  with  work 
bearing  on  the  question  of  "acid  control"  of 
the  pyloric  sphincter  in  man. 

Cannon  elaborated  the  theory,  suggested 
by  Pawlow  among  others,  that  acid  con- 
trolled the  action  of  the  pyloric  sphincter  in 
animals.  In  epitome  this  theory  is  that  the 
presence  of  acid  in  the  antrum  of  the  stom- 
ach causes  relaxation  of  the  pyloric  sphinc- 
ter, while  the  presence  of  acid  in  the  duo- 
denum causes  the  sphincter  to  contract.  The 
evidence  on  which  this  theory  is  based  was 
obtained  from  experiments  carried  out  on 
animals.  Phenomena  occur  in  animals  which 
the  theory  of  "acid  control"  does  not  explain, 
and  for  this  reason  other  controlling  factors 
are  assumed  to  exist.  Whether  or  not  acid  or 
some  other  factor  exerts  the  principal  control 
over  the  pyloric  sphincter  in  man  has  not 
been  demonstrated,  and  with  the  problem  the 
present  investigation  is  concerned.  The  re- 
sults obtained  by  previous  investigators  will 
be  discussed  later. 


The  object  of  the  present  study  has  been  to 
determine : 

1.  The  degree  of  contraction  of  the  py- 
loric sphincter  when  foodstuffs  partially  fill 
the  normal  stomach. 

2.  The  behavior  of  the  sphincter  relative 
to  the  passage  of  carbohydrate,  protein,  or 
fatty  foods  from  the  normal  stomach  into 
the  duodenum. 

3.  The  effect  on  the  pyloric  sphincter  of 
direct  application  of  hydrochloric  acid  and 
sodium  bicarbonate  solutions  to  both  its 
antral  and  duodenal  ends. 

These  observations  of  the  stomachs  of 
normal  persons  were  made  by  means  of  the 
fluoroscope  after  feeding  meals  composed  of 
thick  porridge  and  barium  or  140  gm.  of 
ground  lean  meat  and  4  gm.  of  barium  sul- 
phate baked  into  a  loaf,  or  120  gm.  of 
ground  fatty  bacon,  5  tgg  yolks  and  40  gm. 
of  barium  sulphate  baked  into  a  loaf.  The 
protein  and  fatty  meals  were  of  constant 
bulk  and  consistency. 

I.  The  degree  of  contraction  of  the  nor- 
mal pyloric  sphincter. —  That  the  pyloric 
sphincter  is  closed  when  fluid  food  is  in  the 
stomach,  except  during  the  periods  in  which 
it  opens  to  permit  the  ejection  of  food  into 
the  duodenum,  was  demonstrated  in  191 3  by 
Cole.  His  observations  were  so  readily  and 
easily  confirmed  by  fluoroscopic  studies  that 
they  are  now  universally  accepted.  The 
authors  have  confirmed  Cole's  observations 
by  means  of  the  fluoroscope  a  large  number 
of  times.  Further  evidence  that  the  normal 
quiescent  sphincter  is  in  a  state  of  contrac- 
tion is  afforded  by  the  fact  that  barium  mix- 
tures can  be  forced  from  the  stomach  into 
the  duodenum  onlv  bv  the  use  of  consider- 
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able  pressure  on  the  abdominal  wall  and  only 
when  the  sphincter  has  opened  in  relation  to 
the  advance  of  an  antral  peristaltic  wave. 
When  this  is  successful  the  filled  antrum  and 
first  portion  of  the  duodenum  are  seen  to  be 
connected  by  a  narrow  isthmus  of  barium, 
which  represents  the  lumen  of  the  sphincter; 
on  cessation  of  pressure  this  narrow  isthmus 
disappears. 

2.  Tlic  behavior  of  the  pylorie  sphincter 
relative  to  the  passage  of  carbohydrates,  pro- 
tein and  fatty  foods  from  the  stomach  into 
the  duodenum. — In  the  routine  clinical  .t'-ray 
examination  of  the  stomach  a  carbohydrate 
meal  consists  of  500  c.c.  of  malted  milk  solu- 
tion in  which  90  gm.  of  barium  sulphate  are 
held  in  suspension  by  the  aid  of  potato 
starch.  The  meal  starts  through  the  normal 
pyloric  sphincter  immediately  or  within  a 
few  minutes  after  it  has  been  ingested.  The 
normal  sphincter  opens  regularly,  as  each 
antral  peristaltic  wave  approaches,  and  per- 
mits the  passage  of  the  barium  meal  into  the 
duodenum  over  a  period  of  about  ten  sec- 
onds. In  two  young  men  with  normal  stom- 
achs the  same  phenomenon  occurred  after 
the  ingestion  of  thick  oatmeal  porridge 
mixed  with  barium.  Except  in  abnormal  con- 
ditions accompanied  by  pylorospasm,  open- 
ing of  the  pyloric  sphincter  at  irregular  inter- 
vals, as  described  by  Cannon  in  cats,  was  not 
observed.  The  regular  opening  and  closing  of 
the  pyloric  sphincter,  except  in  the  presence 
of  pylorospasm.  is  so  well  known  that  no 
further  work  on  carbohydrate  meals  was 
deemed  necessary  in  the  present  investiga- 
tion. 

Observations  on  the  behavior  of  the  py- 
loric sphincter  after  the  ingestion  of  protein 
food  were  made  on  eleven  young  men,  ten 
with  normal  stomachs,  one  with  a  quiescent 
duodenal  ulcer,  and  one  woman  whose  stom- 
ach was  normal. 

Similar  observations  were  made  after  the 
ingestion  of  fatty  food  in  six  normal  young 
men.  The  duration  of  each  experiment  varied 
from  thirty  minutes  to  six  hours.  In  these 
experiments  the  food  was  seen  to  pass  from 
the  stomach  into  the  duodenum  in  normal 


amounts  as  each  peristaltic  wave  approached 
the  pyloric  orifice.  By  normal  amounts  is 
meant  that  quantity  of  barium  which  passes 
through  the  pyloric  sphincter  after  the  in- 
gestion of  the  barium  meal  commonly  used 
in  an  .^'-ray  examination  for  diagnostic  pur- 
poses. The  amounts  of  foodstuffs  and  of 
water  fed  in  these  experiments  formed  a 
verv  thick  mush  when  thoroughly  mixed  to- 
Sfether  in  a  mortar.  To  obviate  the  criticism 
that  the  consistency  of  the  food  permits  it  to 
act  more  like  liquid  than  solid  foods,  the 
meat  and  fatty  meals  were  administered 
without  the  addition  of  water.  The  result 
obtained  was  the  same,  namely,  the  food- 
stuffs began  to  pass  through  the  pylorus 
immediately. 

Our  observations  seem  to  indicate  that 
both  fattv  and  protein  meals  begin  to  leave 
the  stomach  within  three  to  ten  minutes  after 
the  food  has  been  swallowed.  Furthermore, 
the  food  passes  through  the  sphincter  into 
the  duodenum  as  each  peristaltic  wave  ap- 
proaches the  pylorus.  The  amounts  of  a  sin- 
gle food  or  of  different  ones  which  pass 
through  the  sphincter  during  a  given  time 
do  not  vary  in  the  same  individual. 

3.  Tlie  effect  of  hydrochloric  acid  and 
sodium  bicarbonate  solutions  on  the  pyloric 
sphincter. — Solutions  of  hydrochloric  acid 
and  in  a  few  instances  of  sodium  bicarbonate 
were  introduced  into  the  duodenum  and  the 
effect  on  the  opening  and  closure  of  the  py- 
loric sphincter  was  ascertained.  The  behav- 
ior of  the  sphincter  was  constantly  observed 
through  the  fluoroscope.  The  activity  of  the 
sphincter  was  determined  by  the  passage  or 
non-passage  of  barium  from  the  stomach 
into  the  duodenum. 

The  subjects  used  were  hospital  patients 
whose  physical  condition  at  the  time  of  the 
experiments  was  considered  to  be  normal. 
The  usual  gastric  analyses  of  these  patients 
showed  no  abnormalities. 

The  observations  on  the  effect  of  hydro- 
chloric acid  and  sodium  bicarbonate  solutions 
on  the  pylorus  were  made  as  follows:  the 
duodenal  tube  was  passed  subsequent  to  a 
twelve  hour  fast;  the  tube  was  allowed  to 
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pass  into  the  duodenum.  The  time  required 
for  the  tuhe  to  pass  from  the  stomach  into 
the  duodenum  was  variable ;  at  times  it  was 
only  a  question  of  minutes  and  at  others  it 
required  an  hour  or  more.  After  the  tube  had 
entered  the  duodenum  a  meal  was  fed. 

The  meal  consisted  of  a  meat  and  barium 
meal  either  rinsed  down  with  200  c.c.  of 
water  or  made  in  a  mush  by  grinding  in  a 
mortar  with  100  c.c.  of  water.  In  certain 
cases,  where  the  subject  was  unable  to  eat 
the  whole  meal  prepared,  we  gave  an  addi- 
tional malted  milk,  potato  starch  and  barium 
mixture  to  enable  us  more  comj)letely  to 
visualize  the  sphincter ;  however,  this  was 
necessar}-  in  only  two  cases. 

After  the  patient  was  observed  a  sufficient 
length  of  time  to  determine  that  the  peri- 
staltic waves  were  orderly  and  regular  we 
began  the  instillation  of  solutions  of  hydro- 
chloric acid  and  sodium  bicarbonate.  In  some 
instances  an  N/40,  in  others  N/20  and  in 
one  case  an  N/io  hydrochloric  acid  warmed 
to  body  temperature  was  instilled  in  from 
5  c.c.  to  20  c.c.  amounts  into  the  first,  second 
and  third  portions  of  the  duodenum.  The 
time  of  the  instillation  was  varied  in  relation 
to  the  normal  opening  time  of  the  pyloric 
sphincter.  In  some  cases  an  injection  was 
made  just  prior  to  the  normal  opening  time 
of  the  pyloric  sphincter  and  this  was  gauged 
by  the  observation  under  the  fluoroscope  of 
the  advance  of  an  antral  peristaltic  wave.  In 
other  instances  the  instillation  of  20  c.c.  of 
the  acid  was  begun  as  an  antral  peristaltic 
wave  reached  the  sphincter  and  the  instilla- 
tion continued  until  the  sphincter  had  opened 
and  closed  several  times.  In  another  series  of 
experiments  a  i  per  cent  solution  of  sodium 
bicarbonate  was  used  in  place  of  the  acid  and 
the  pylorus  w^as  similarly  observed.  In  these 
experiments  on  four  individuals  no  effect 
was  observed  on  the  opening  time  of  the 
sphincter,  the  amounts  of  barium  passing- 
through  it,  or  upon  its  time  of  closure.  It  will 
be  seen  consecfuently  that  the  behavior  of  the 
sphincter  is  the  same  whether  acid  or  alkali 
is  introduced  into  the  duodenum.  In  a  fifth 
subject  the  introduction  of  N/20  hvdro- 
chloric  acid  or  of  i  per  cent  sodium  l)icar- 


bonate  into  the  first  portion  of  the  duodenum 
produced  either  complete  or  partial  pvloro- 
spasm  and  vigorous  duodenal  antiperistalsis. 
This  rather  unexpected  behavior  was  subse- 
Cjuently  explained  by  the  discovery  of  a  duo- 
denal ulcer.  In  a  subject  the  introduction  of 
N/20  h}-drochloric  acid  into  the  third  por- 
tion of  the  duodenum  produced  either  com- 
plete or  partial  pylorospasm  associated  with 
the  development  of  very  shallow  gastric  peri- 
staltic waves.  In  one  subject  a  loop  of  the 
duodenal  tube  passed  through  the  sphincter 
into  the  duodenum  leaving  the  metal  tip  in 
the  antral  end  of  the  pyloric  sphincter.  This 
permitted  solutions  to  escape  from  the  orifice 
of  the  tube  directly  onto  the  antral  portion 
of  the  sphincter. 

DISCUSSIOK 

Our  obser\-ations  demonstrate  that  finelv 
divided  foods,  regardless  of  whether  thev 
are  solid  or  liquid,  begin  to  leave  the  stomach 
within  a  very  short  period  of  time.  Thus 
barium  was  observed  to  pass  the  sphincter  in 
the  time  required  for  the  subject  to  ingest 
the  meal  and  be  prepared  for  fluoroscopic 
observation,  w^iich  was  alw^ays  less  than  ten 
minutes.  It  was  of  interest  to  observe  that 
carbohydrates,  fats  and  proteins  behaved 
alike  in  this  respect — contrary  to  what  one 
would  expect  from  reports  of  animal  obser- 
vations. That  this  phenomenon  is  true  for 
carbohydrate  meals  has  already  been  stated. 
But  with  the  exception  of  Cole  no  observa- 
tions in  man  of  other  types  of  meals  have 
been  published,  and  his  publication  unfor- 
tunately gives  no  experimental  details.  The 
barium  meal  passed  through  the  pyloric 
sphincter  as  each  antral  peristaltic  wave  ap- 
proached that  orifice.  Cole  has  previously 
made  similar  observations.  The  opening  of 
the  pylorus  at  irregular  intervals,  as  de- 
scribed by  Cannon  in  cats,  was  not  noted.  It 
was  observed  that  the  antral  portion  of  the 
stomach  was  cjuiescent  except  for  peristaltic 
waves  which  at  regular  intervals  swept  over 
it.  The  contents  of  the  antrum  were  conse- 
([uentlv  not  undergoing  a  mixing  process  and 
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the  same  food  must  have  remained  in  contact 
with  the  gastric  mucosa.  Therefore,  the  sur- 
face of  the  antral  mucous  memhrane  would 
be  covered  with  material  of  a  fairly  constant 
degree  of  acidity.  It  is  very  probable  that  the 
reaction  of  this  material  is  acid.  This  state- 
ment is  based  upon  the  following  facts: 

1.  The  authors  have  found  in  two  sub- 
jects, after  feeding  a  meat  meal,  the  food 
when  first  ejected  from  the  stomach  into  the 
duodenum  to  contain  free  hydrochloric  acid 
in  the  strength  of  N/60  and  N/500.  The 
position  of  the  metal  tip  of  the  duodenal  tube 
and  the  phenomena  transpiring  in  the  stom- 
ach and  duodenum  at  the  time  the  specimen 
for  analysis  was  withdrawn  were  determined 
by  fluoroscopic  observatic^i. 

From  the  abo\  e  it  follows  that  in  order 
for  the  stimulation  of  acid  in  the  stomach  to 
open,  and  in  the  duodenum  to  close  the 
sphincter,  there  must  be  assumed  the  exist- 
ence of  a  very  delicate  balance  between  the 
antral  and  duodenal  reflexes  in  relation  to 
the  presence  of  the  same  degree  of  acidity, 
the  duodenal  reflex  being  much  the  more 
sensitive. 

McClendon  and  Aleyers  and  the  authors 
have  found  the  contents  of  the  first  portion 
of  the  human  duodenum  to  l)e  either  neutral 
or  of  low  acidity.  After  emptying  itself  of 
food  just  ejected  from  the  stomach  the  duo- 
denum will,  therefore,  be  practically  neutral 
in  reaction,  and  in  the  presence  of  pancreatic 
juice  possibly  alkaline.  Then  if  acid  in  the 
stomach  causes  the  sphincter  to  relax,  the 
sphincter  should  become  patent  when  the 
duodenum  empties  itself  of  food.  That  this  is 
not  the  case  is  demonstrated  by  the  difficulty 
experienced  in  pushing  barium  through  the 
sphincter  into  the  duodenum  by  palpation  of 
the  abdominal  wall.  In  fact,  it  is  probable 
that  barium  can  be  caused  to  enter  the  duo- 
denum by  this  means  onlv  when  the  sphincter 
opens  in  relation  to  the  advance  of  an  antral 
peristaltic  wave.  From  this  it  follows  that,  if 
the  pyloric  sphincter  is  under  "acid  control," 
then  the  fact  that  it  (^pens  at  regular  inter- 
vals and  normallv  onlv  in  a  definite  relation 
to  the  advance  of  an  antral  peristaltic  wave 
makes  it  necessarv  to  assume  either  ( i  )  that 


there  is  a  finel\-  adjusted  acid  regulatory 
mechanism  in  the  antral  region  of  the  sphinc- 
ter which  produces  the  proper  degree  of 
acidity  to  relax  the  sphincter  at  a  fairly  exact 
time  in  relation  to  the  approach  of  a  peri- 
staltic wave  toward  the  sphincter;  or  (2) 
that  a  comparable  mechanism  for  properly 
neutralizing  the  contents  of  the  duodenum 
must  exist.  If  either  or  both  such  mechan- 
isms exist  they  must  be  so  adjusted  as  to  per- 
mit of  changes  in  the  rhythm  of  the  time  of 
opening  of  the  sphincter,  as  occurred  in  one 
of  our  experiments  after  pouring  alkali  onto 
the  end  of  the  pyloric  sphincter.  Further- 
more, while  the  s[)hincter  closes  suddenly  it 
remains  open  an  appreciable  length  of  time. 
Barium  flows  thrcnigh  the  sphincter  as  an 
antral  peristaltic  wave  approaches  and  con- 
tinues to  do  so  until  the  wave  has  spent  itself. 
The  sphincter,  therefore,  does  not  close  as 
soon  as  acid  enters  the  duodenum,  and  the 
presence  of  acid  we  have  deuK^nstrated  ex- 
perimentallv.  If  acid  in  the  duodenum  causes 
closure  of  the  sphincter  then  either  (i)  the 
proper  degree  of  acidity  must  be  always  de- 
^•eloped  at  a  time  when  an  antral  wave  has 
spent  itself,  or  (2)  a  secondary  mechanism 
in  some  wav  regulating  the  reflex  must  be 
assumed. 

The  existence  of  the  various  factors  out- 
lined are  necessary  to  explain  the  theory  of 
"acid  control"  of  the  sphincter,  and  their  ex- 
istence has  not  been  proved.  The  assumption 
of  the.  existence  of  these  factors  renders  the 
mechanism  of  the  control  of  the  sphincter 
exceedinglv  complex.  It  is  possible  that  some 
other  less  complicated  mechanism  may  exist 
in  man.  The  latter  has  been  suggested,  but 
not  proved,  hv  Luckhart,  Phillips  and  Carl- 
son. These  investigators  found  that  a  rela- 
tion exists  between  the  muscular  activity  of 
the  antrum  and  the  opening  of  the  sphincter. 

In  four  of  the  experiments  here  reported 
it  has  been  shown  that  acid  introduced  into 
the  duodenum  did  not  prevent  the  opening  of 
the  sphincter.  These  observations  do  not 
support  the  theory  that  acid  in  the  duo- 
denum causes  contraction  of  the  pyloric 
sphincter.  Furth.ermore.  sodium  bicarbonate 
was  poured  into  the  duodenum  in  a  quantity 
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which,  judging  from  the  limited  observations 
of  the  degrees  of  acidity  of  the  duodenal 
contents,  was  sufficient  to  bring  about  neu- 
tralization. The  latter  must  have  occurred  in 
an  experiment  in  which  5  per  cent  sodium 
bicarbonate  solution  was  allowed  to  flow  into 
the  duodenum.  The  carbonate  solution  was 
introduced  on  two  occasions  in  quantities  of 
10  c.c.  and  20  c.c.  after  the  pyloric  sphincter 
had  opened  and  up  to  the  time  of  its  com- 
plete closure.  Before  the  introduction  of  the 
carbonate  solution  the  ch}-me  was  collected 
as  it  was  poured  into  the  first  portion  of  the 
duodenum  during  the  latter  half  of  the  time 
the  sphincter  remained  open.  This  allowed 
the  first  portion  of  the  chyme  to  clear  the 
region  of  the  metal  tip  of  duodenal  contents. 
The  concentration  of  free  hydrochloric  acid 
in  the  chyme  was  N/500,  and  of  total  acidity 
N/25  (titrated  to  phenolphthalein).  Accord- 
ing to  the  "acid  control"  theory,  the  sphincter 
should  have  remained  patent  as  long  as  the 
duodenal  contents  in  these  experiments  were 
alkaline.  This  it  did  not  do,  but  was  observed 
to  close  completely.  However,  absolute  evi- 
dence that  the  amount  of  carbonate  intro- 
duced >  neutralized  all  the  acid  in  the  duo- 
denum could  not  be  obtained,  although  but 
little  doubt  can  exist  that  neutralization  was 
effected. 


CONCLUSIONS 

Conclusions  drawn  from  the  experimental 
work  here  presented  are  as  follows: 

1.  Finely  divided  carbohydrate,  protein  or 
fatty  foodstuffs  begin  to  leave  the  normal 
human  stomach  within  from  three  to  ten 
minutes  after  their  initial  ingestion. 

2.  Under  normal  conditions  the  human 
pyloric  sphincter  opens  regularly  at  the  ap- 
proach of  each  antral  peristaltic  wave,  allows 
chyme  to  pass  through  into  the  duodenum 
during  an  appreciable  length  of  time,  and 
closes  when  the  antral  peristaltic  wave  has 
spent  itself. 

3.  The  introduction  of  N/40,  N/20  or 
N/io  hydrochloric  acid  solutions  into  the 
first,  second  or  third  portions  of  the  normal 
human  duodenum  either  produced  no  effect 
on  the  opening  of  the  pyloric  sphincter  as 
observed  by  means  of  the  fluoroscope,  or  pro- 
duced effects  which  were  interpreted  as  the 
result  of  abnormal  irritation  of  the  duodenal 
mucosa. 

4.  Neutralization  of  the  contents  of  the 
first  portion  of  the  duodenum  did  not  prevent 
the  closing  of  the  pyloric  sphincter. 

5.  The  experimental  results  obtained  offer 
evidence  that  acid  is  not  the  principal  factor 
controlling  opening  and  closing  of  the  pyloric 
sphincter  in  man. 
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TN  view  of  the  number  of  recently  reported 
-■■  cases  of  syphilis  of  the  stomach,  which 
simulates  in  appearance  that  of  the  leather- 
bottle  stomach,  it  seems  advisable  to  revise 
our  ideas  of  the  roenti^'en  diagnosis  of  this 
condition. 

Despite  the  difficulty  of  attempting  to  dif- 
ferentiate by  roentgen  methods  alone  diffuse 
infiltrating  scirrhus  carcinoma  from  syphi- 
litic infiltration,  or  fibrous  infiltration  of  the 
stomach,  it  is,  nevertheless,  possible  to  dis- 
tinguish these  cases  one  from  the  other  in  a 
large  enough  proportion  of  cases  at  least  to 
facilitate  and  augment  clinical  diagnosis;  and 
in  many  instances  it  is  possible  to  make  an 
absolutely  correct  diagnosis  when  taken  in 
conjunction  with  the  Wassermann  test. 

The  leading  monographs  on  leather-bottle 
stomach  have  been  and  are  based  largely 
upon  clinical,  operative  or  postmortem  evi- 
dence; but  with  the  addition  of  roentgen 
methods  of  study  of  living  pathology,  which 
permit  of  diagnosis  in  life,  heretofore  not 
possible,  our  knowledge  of  the  subject  is 
considerably  supplemented. 

The  term  "leather-bottle"  appears  to  be 
based  upon  the  consistency  and  thickness  of 
the  stomach  wall  rather  than  from  any  defi- 
nite resemblance  to  our  modern  bottles; 
though  the  narrowing  of  the  pyloric  end  of 
the  stomach  and  a  compensatory  widening 
of  the  cardiac  end  would  seem  to  be  the 
reason  for  calling  it  a  "leather-bottle"  stom- 
ach, after  the  leathern  water  bottles  of  the 
early  Egyptians.  Schrumpf  (1876)  calls  it 
"field-canteen"  stomach. 

Dr.  H.  H.  M.  Lvle^  in  191 1  collected  sev- 

^  Annals  of  Surgery,  Nov.  1911. 

*Read  at  the  Twenty-first  Annual   Meeting   of  The  American 


enty  cases,  described  under  the  term  linitis 
plastica  or  cirrhosis  of  the  stomach,  and  re- 
ported a  case  cured  by  gastrojejunostomy. 
This  case  has  been  under  observation  for 
nine  years  and  is  still  alive,  Dr.  Lyle  informs 
me. 

Carman^  (1920)  has  reported  three  cases. 

From  our  roentgenologic  observation  of 
these  cases,  it  appears  that  the  peculiar  type 
of  stomach  to  which  the  term  "leather- 
bottle"  has  been  applied  may  represent  any 
one  of  three  conditions:  first,  fibromatosis; 
second,  syphilis ;  third,  diffuse  carcinoma. 

Cases  "illustrating  these  three  types  to- 
gether with  the  roentgen  findings  are  re- 
ported below  ■. 

CASE     HISTORIES 

Case  I.  Leatiier-Bottle  Stomach  Due 
TO  Fibromatosis. —  H.  O.,  female,  aged 
fiftv.  Seven  months  prior  to  admission  to 
St.  Luke's  Hospital  the  patient  noticed  a  tu- 
mor in  the  epigastrium,  which  on  examina- 
tion was  found  to  be  firm,  movable  and  non- 
tender.  There  was  no  complaint  of  pain, 
vomiting,  nausea,  sour  eructations  or  jaun- 
dice. Solid  foods  caused  gastric  distress  fol- 
lowed by  some  belching  of  gas;  there  were 
several  bloody  stools  but  no  tarry  ones;  a 
loss  of  forty-five  pounds  in  one  year.  The 
general  appearance  was  that  of  a  fairly  well 
nourished,  not  acutely  ill  woman. 

Gastric  analysis,  free  HCl — o,  total  acidity 

—30- 

Roentgen  examination  revealed  a  d(^form- 

2  Carman  and  Miller.   Roentgen  Diagnosis,  Dis- 
eases of  the  Alimentary  Canal.  Saunders,   1920. 
Roentgen  Ray  Society, Minneapolis,  Minn.,   Sept,    14'/,    1920. 
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ity  of  the  horizontal  portion  of  the  stomach 
involving  about  one  third  of  the  stomach 
wall.  (Fig.  i).  It  was  very  smooth  and  re- 
sembled closely  a  specific  infiltration.  Both 
the  greater  and  lesser  curvatures  were  in- 
volved. The  stomach  emptied  at  an  exceed- 
ingly rapid  rate,  the  meal  meeting  with  prac- 


The  stomach  practically  emptied  itself  in  one 
hour.  At  the  sixth  hour  the  meal  had  reached 
the  hepatic  flexure.  A  considerable  portion  of 
the  meal  had  been  eliminated  at  the  twenty- 
fourth  hour. 

A  confirmatory  examination  showed  the 
deformitv  of  the  stomach  persisting  and  flu- 


FiG.  I.  Case  1.  Leather-Bottle  Stomach  Due  to  Fibromatosis. 
Eight  minutes  after  meal.  Deformity  of  stomach  involving 
greater  and  lesser  curvatures.  Irregularity  at  esophageal  en- 
trance indicating  infiltration.  Microscopic  examination  showed 
increase  in  fibrous  tissue  Imt  no  evidence  of  cancer. 


tically  no  delay  at  the  pylorus,  so  that  in  five 
minutes  the  small  intestine  was  filled.  The 
duodenum  was  slightly  dilated.  At  the  car- 
diac end  of  the  stomach  there  was  some  ir- 
regularity about  the  entrance  to  the  esopha- 
gus,  suggesting  infiltration  of  this   region. 


oroscopic  examination  showed  the  mass  in 
the  abdomen  to  be  related  to  the  deformity 
of  the  stomach  wall. 

Preoperative  clinical  diagnosis:  Carcin- 
oma of  the  stomach.  At  operation  the  stom- 
ach was  found  infiltrated  with  a  large  tumor 
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mass  extending  over  the  lesser  curvature 
from  the  cardia  to  the  pylorus.  Lymphatics 
dilated,  but  no  enlarged  or  palpable  glands; 
no  epigastric  adhesions.  Incision  made  in  the 
stomach  just  above  the  pylorus  and  two 
small  pieces  removed  for  microscopic  ex- 
amination. 

Pathologic  examinati(^n  of  the  specimen 
taken  from  stomach  wall  showed  consider- 
able thickening,  apparently  in  the  submucosa. 
The  mucosa  appeared  normal  and  the  serous 
coat  w'as  smooth  and  shining.  The  smaller 
fragment  consisted  only  of  mucosa  and  sub- 
mucosa. The  latter  w-as  greatly  thickened. 
There  was  no  evidence  of  any  gross  lesion. 

Microscopic  examination  of  the  specimen 
showed  that  there  was  a  very  considerable 
increase  in  the  fibrous  tissue  of  the  sub- 
mucosa. This  was  very  thick,  rather  dense, 
contained  large  fibroblastic  nuclei  which  were 
w^ell  stained  and  gave  the  form  of  cellular 
tissue.  The  mucosa  was  normal  overlying 
this,  or  in  some  places  was  slightly  hyper- 
trophic. Blood  vessels  were  only  moderately 
thick-walled,  showing  comparatively  little 
change.  There  was  no  perivascular  infiltra- 
tion, and  only  very  little  infiltration  of  the 
fibrous  tissue,  except  along  the  deep  surface 
of  the  mucosa  where  there  were  rather  nu- 
merous lymphocytes.  The  pathologic  lesion 
appeared  only  as  a  diffuse  overgrowth  of 
fibrous  tissue. 

No  cells  suggestive  of  a  neoplasm  could  he 
detected  in  the  section. 

Patient  was  placed  on  anti-syphilitic  treat- 
ment in  spite  of  the  negative  Wassermann 
examination.  No  improvement  resulted. 

Roentgen  examination  five  weeks  after 
operation  and  about  three  weeks  after  the 
beginning  of  treatment  showed  practically 
no  change  in  contour  or  emptying  time  of 
the  stomach.   (Fig.  2.) 

Eleven  months  later  the  patient  returned 
to  the  hospital  complaining  of  abdominal  dis- 
tention of  two  months'  duration,  combined 
with  a  svv^elling  of  the  legs  for  two  weeks. 
She  was  able  to  take  only  a  small  amount  of 
food  at  a  time.  There  w-as  no  dyspnea  or 
cardiac  distress;  no  jaundice,  pain  or  con- 
stipation. The  lump  in  the  epigastrium  was 


still  present.  She  gained  in  w-eight  after  the 
operation  but  then  became  so  weak  she  w'as 
quite  unable  to  walk. 

Physical  examination:  patient  fairly  well 
nourished  and  developed ;  not  acutely  ill ;  no 
cvanosis,  jaundice  or  dispnea.  Abdomen  was 
distended,  tense,  dull  in  flanks ;  fluid  was 
present  in  epigastrium  ;  irregular,  large  mass 
just  above  umbilicus;  no  rigidity.  Gastric 
analysis:  free  HCl — o;  total  acidity — 10. 


Fig.  2.  Case  I.  (Same  case  as  Figure  i.)  Fibroma- 
tosis. Five  weeks  after  exploratory-  operation  and 
removal  of  section.  Ten  minutes  after  meal. 
Practically  no  change  in  contour  or  emptying  time 
of  stomach. 

Fluoroscopic  examination  showed  distinct 
delay  in  the  esophagus,  indicating  spasm  or 
organic  constriction  at  the  cardiac  end  of  the 
stomach. 

Roentgen  examination:  the  stomach  re- 
mained very  small  as  noted  at  previous  ex- 
amination. The  greatest  transverse  diameter 
of  the  stomach  was  only  5  cm.  This  con- 
firmed the  diagnosis  of  leather-bottle  stom- 
ach. Greater  curvature  3  inches  above  the 
umbilicus.  At  the  fourth  hour,  the  stomach 
was  entirely  empty.  No  delay  in  the  ileum. 

The  colon  was  sluggish.  Most  of  the  meal 
remained  in  the  transverse  portion  of  the 
colon  at  the  twent}- fourth  hour. 

At  the  forty-eighth  hour  some  of  the  meal 
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had  reached  the  sigmoid.  Traces  remained  in 
the  transverse  portion  of  the  colon. 

The  abdomen  was  aspirated  and  lo  c.c.  of 
fluid  removed.  No  operation.  No  medication, 
except  tonic.  Rest. 


vice  of  St.  Luke's  Llospital,  New  York,  by 
Dr.  Samuel  Laml^ert  on  September  29,  1914, 
with  a  provisional  diagnosis  of  gastric  ulcer. 
Historv:  Patient  had  suffered  from  pain 
and  vomiting  for  two  years  with  a  loss  of 


Fig.  3.  Case  II.  Leather-Bottle  Stomach  Due  to  Syphilis.  (Aged 
Twenty-three.)  Two  minutes  after  meal.  Xote  diminished  size  of 
stomach  with  compensator}'  dilatation  of  esophagus  and  rapid  passage 
of  the  meal  through  the  pylorus. 


Case  IL  Leather-Bottle  Stomach 
Due  to  Syphilis.^ — M.  A.,  female,  aged 
twenty-three,  married.  Case  referred  for 
roentgen  examination  from  the  medical  ser- 

3 This  case  is  one  of  a  group  of  cases  of  syphilis 
of  the  stomach  reported  in  American  Journal  of 
Roentgenology,  February  191 7,  iv,  76,  by  the  author. 


fiftv  pounds  in  weight.  Four  months  pre- 
viously she  had  had  a  therapeutic  abortion 
performed  for  persistent  vomiting  and  a 
similar  occurrence  once  before  that,  three 
months  after  her  marriage.  Whenever  she 
took  food  she  was  seized  with  a  sharp  pain 
in  the  epigastrium  followed  by  vomiting  in 
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about  fifteen  minutes,  which  reheved  the 
pain.  Test  meal:  blood,  o;  lactic  acid,  o;  free 
HCl,  o;  total  acidity,  14. 

Roentgen  examination  showed  a  peculiar 
deformity  involving  the  pyloric  half  of  the 
stomach.  (Fig.  3.)  This  region  appeared  to 
be  infiltrated,  together  with  the  pyloric  ring 
which  is  held  open  allowing  the  food  to  pass 
out  of  the  stomach  in  a  most  remarkable 
manner.  At  the  sixth  hour  there  was  a  small 
residue  high  up  in  the  cardiac  end  of  the 
stomach.  Syphilis  of  the  stomach  was  diag- 


had  ceased  and  weight  had  been  gained. 
Roentgen  examination  showed  the  peculiar 
deformity  of  the  stomach  persisting  and  at 
the  sixth  hour  there  was  a  small  residue  at 
the  cardiac  end  of  the  stomach. 

^ larch  I,  191 5,  patient  remarkably  im- 
proved, had  gained  forty-four  pounds  in 
weight,  and  was  entirely  free  from  pain  and 
vomiting.  Roentgen  examination  showed  the 
deformitv  at  the  pyloric  end  of  the  stomach 
still  persisting  and  the  stomach  emptying  at 
a  very  rapid  rate.  (Fig.  5.)  At  the  sixth  hour 


Fig.  4.  Case  II.  (Same  case  as  Figures  3  and  5.) 
Syphilis.  (Aged  Twexty-three.)  Confirmatory 
examination.   Five  minutes  after  meal. 


nosed  and  a  Wassermann  examination  ad- 
vised. It  was  reported  four  plus. 

On  October  5,  1914,  a  confirmatory  ex- 
amination was  made.  This  duplicated  the 
finding  of  a  peculiar  deformity  involving  the 
pyloric  half  of  the  stomach  causing  a  consid- 
erable narrowing  of  the  lumen,  an  appear- 
ance which  is  characteristic  of  syphilis  of  the 
stomach.  (Fig.  4.)  On  November  11,  191 4, 
another  examination  was  made  after  the  pa- 
tient had  been  placed  on  anti-spyhilitic  treat- 
ment following  the  findings  of  a  positive 
Wassermann  reaction.  Nausea  and  vomitino" 


Fig.  5.  Case  II.  (Same  case  as  Figures  3  and  4.) 
Syphilis.  (Aged  Twenty-three.)  Five  months 
after  medical  treatment.  Ten  minutes  after  meal. 
Cessation  of  symptoms.  Increase  in  size  of  stomach 
with  less   rapid  emptying. 

there  was  a  very  small  residue  in  the  cardiac 
end  of  the  stomach,  very  much  as  in  the 
earlier  examination. 

February  16,  191 6.  roentgen  examination 
showed  still  further  improvement  in  the  size 
of  the  stomach,  indicating  some  absorption 
of  the  infiltration.  This  was  particularly  evi- 
dent about  the  pylorus,  the  sphincter  having 
regained  its  function  so  that  food  passed 
through  it  at  about  a  normal  rate  instead 
of  at  the  excessive  rate  previously  noted. 
She  was   free   from  all  stomach  symptoms 
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and  had  gained  fifty- four  pounds  in  weight. 
November    20,    1916,    gave    birth    to    a 
healthy  child. 

Case  III.  Leather-Bottle  Stomach 
Due  to  Carcinoma  in  a  Girl  Twenty- 
three  Years  of  Age.* — D.  \^.,  admitted  to 


first  there  was  no  nausea  or  vomiting,  but 
later  it  was  accompanied  by  incessant  vomit- 
ing. There  was  no  blood  in  the  vomitus. 
There  was  marked  loss  in  weight. 

Physical  examination  ;  a  very  poorly  nour- 
ished adult  female,  decidedly  pale,  with 
drawn  features.  Abdomen :  there  was  a  mass 


Fig.  6.  Case  III.  Leather-Bottle  Stomach  Die  to  Carcinoma,  in  a  Girl 
Twenty-three  Years  of  Age.  Two  minutes  after  meal.  Note  dilatation 
of  the  esophagus,  diminished  size  of  stomach  with  rapid  emptying. 
Microscopic  examination  :  carcinoma. 


St.  Luke's  Hospital  March  24,  191 9,  w^ith  a 
clinical  diagnosis  of  anemia.  Possible  cause, 
carcinoma  of  the  stomach  or  splenomegaly. 
History,  four  months  ago  patient  began 
to  suffer  from  indigestion,  especially  notice- 
able about  one-half  hour  after  meals  and 
lasting  from  one  to  one  and  a  half  hours.  At 

*This  is  the  earliest  age  in  which  carcinoma  of  the 
stomach  has  been  observed  by  the  author.  A  case  at 
the  age  of  fifteen  years  is  abstracted  in  the  Journal 
of  the  American  Medical  Association,  April  2,  1921. 


in  the  epigastrium  extending  to  the  left  side 
and  palpable  two  inches  below  the  costal 
margin.  It  moved  with  respiration  and  had  a 
very  distinct  edge.  It  appeared  to  represent 
either  the  left  lobe  of  the  liver  or  the  spleen. 
Wassermann  reaction  negative.  Gastric  anal- 
ysis: free  HCl — o;  total  acidity — o. 

Roentgen  examination  -.  the  fluoroscope  re- 
vealed a  most  remarkable  condition.  The 
opaque  meal  passed  immediately  out  of  the 
stomach.     The    condition    resembled    very 
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closely  that  observed  in  several  cases  of  svph- 
ilis  of  the  stomach.  The  opac|ue  meal  ex- 
amination confirmed  the  fluoroscopic  find- 
ings of  a  remarkably  small  stomach  with  a 
gaping  pylorus.  So  rapid  was  the  emptying 
of  the  stomach  that  a  roentgenogram  was 
made  with  extreme  difficulty,  taken  while 
the  patient  was  in  the  act  of  swallowing  and 
prone  on  the  table.  ( Figs.  6,  7,  8. )  The 
stomach  as  thus  outlined  measured  only 
about  II  by  3  cm.  Eight  days  later  a  con- 
firmatory examination  was  made  with  the 
patient    in    the    prone    position.    A    partial 


under  surface  of  the  liver.  A  jejunostomy 
was  performed  and  a  tube  inserted. 

Pathological  examination.  Specimen  re- 
moved at  operation  consisted  of  a  small  node 
from  the  greater  curvature  with  considerable 
inflammatory  tissue  surrounding  it.  It  was 
verv  firm  and  white  on  section. 

Microscopic  examination  of  the  section 
showed  a  considerable  amount  of  inflamma- 
torv  tissue  invading  the  fat.  There  was  also 
a  small  lymph  node  which  was  almost  en- 
tirely fibrous.  This  fibrous  tissue  and  fat 
were  diffusely   invaded   l)y   small   epithelial 


Fig.  7.  Case  111.  (Same  case  as  Figures  6  and  8.)  Fig.  8.  Case  III.  (Same  case  as  Figures  6  and  7.) 
Carcinoma.  (Aged  Twenty-three.)  Six  minutes  Carcinoma.  (Aged  Twenty-three.)  Eight  minutes 
after   meal.    Meal    passing    rapidly    into    jejunum.        after  meal.  Stomach  almost  entirely  empty. 


filling  of  the  esophagus  could  be  made  out, 
suggesting  some  attempt  at  compensators- 
dilatation  to  make  up  for  the  small-sized 
stomach. 

The  patient  was  operated  upon  April  23, 
1919.  The  duodenum,  pylorus  and  distal  inch 
of  the  stomach  were  apparentl)'  normal. 
Proximal  to  this  was  a  lump  which  was 
sharply  marked  by  a  hard  indurated  line.  The 
stomach  was  contracted  and  the  walls  were 
the  seat  of  nodular  induration  which  felt 
carcinomatous  to  the  operator.  Surrounding 
the  stomach  there  were  a  few  hard  nodes. 
The   stomach   was  closelv   adherent   to   the 


cells  growing  singly  or  in  slender  tubules  ap- 
parently in  the  lymph  vessels.  Thev  were 
only  moderately  hyperchromatic,  the  nuclei 
were  rather  large  in  proportion  to  the  size 
of  the  cell,  although  the  entire  structure  was 
comparatively  small.  Some  of  the  blood  ves- 
sels were  very  thick-walled  and  the  coats 
were  extensively  invaded  by  these  small  cells. 
The  fat  appeared  to  be  actively  growing  since 
there  were  numerous  nucleated  cells  with  a 
pale  cytoplasm  as  well  as  fat  vacuoles  with- 
out nuclei.  Diagnosis:  Carcinoma  in  inflam- 
matory tissue  from  greater  curvature  of 
stomach. 
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In  spite  of  the  operative  procedure  the  pa- 
tient continued  to  lose  weight  and  strength 
and  died  two  weeks  later.  Autopsy  revealed 
cancer  of  the  stomach  and  the  following 
notes  were  extracted  from  the  autopsy  rec- 
ord: The  neoplasm  began  at  the  cardia.  The 
cancer  extended  along  the  lesser  curvature 
and  stopped   short  about   3   cm.   above  the 


toneum,  but  the  exact  site  of  the  original  tumor 
could  not  be  determined.  It  probably  originated 
in  the  stomach.  The  history  is  as  follows:] 

Case  IV.  Leather-Bottle  Stomach 
Probably  Due  to  Carcinoma. — C.  M., 
male,  aged  fifty-six.  Has  complained  of 
stomach  trouble  for  nine  months;  suffered 


Fig.  9.   C.^SE  III.   Caulinuma  of  the  Stomach.    (Ac.ed  Twenty-three.) 
Photograph  of  stomach  showing  diminished  size  and  thick  wall. 


pyloric  opening.  The  lesser  curvature  was 
greatly  thickened.  The  omentum  was  firmly 
fixed  to  the  greater  curvature  and  a  little  of 
the  fundus  remained  free  from  the  growth. 
The  pancreas  was  adherent  to  the  stomach 
and  on  section  appeared  to  be  normal.  The 
stomach  was  contracted,  measuring  but  10 
cm.  in  its  vertical  axis.  (Fig.  9.)  The  liver 
showed  no  evidence  of  metastatic  involve- 
ment. 

[A  fourth  case  of  a  very  similar-shaped 
stomach  has  been  encountered  and  explored 
surgically  and  the  microscopic  examination 
showed  the  presence  of  carcinoma  of  the  peri- 


from  vomiting  and  pain  in  the  abdomen.  Ad- 
mitted to  St.  Luke's  Hospital,  July  12,  1919, 
under  the  service  of  Dr.  Nathan  Green. 

Roentgen  examination  revealed  a  remark- 
ably small  stomach,  measuring  about  12  by 
4  cm.  in  diameter.  (Fig.  10.)  The  pylorus 
was  gaping  so  that  the  duodenum  and  upper 
jejunum  were  filled  within  a  few  minutes. 
There  was  secondary  dilatation  of  the 
esophagus.  The  findings  were  typical  of 
leather-bottle  stomach  and  closely  resembled 
cases  of  syphilitic  infiltration  of  the  stomach 
wall.  Wassermann  was  negative. 

Exploratory   laporotomy  was  performed 
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July  22,  1919,  by  Dr.  Green.  The  abdomen  the  carcinoma.    Both    the  stomach  and  the 

was   markedly   clistended.    There    was    free  transverse   colon   were   infiltrated   with  the 

fluid  in  the  peritoneal  cavity.  The  intestines  new  growth.  The  liver  was  hard  and  nodular 

were  matted   together  owing  to   numerous  and  studded  with  metastatic  nodules.  A  sec- 


FiG.  10.  Case  IV.  Leathfj^-Bottle  Stomach  Due  Probably  to  Carcinoma. 
Fifty  minutes  after  meal.  Xote  small  size  of  stomach  with  compensatory 
dilatation  of  esophagus.  Pathologic  examination :  metastatic  carcinoma 
from  abdomen;  origin  of  growth  not  evident. 


adhesions  and  covered  by  minute  carcino- 
matous growths.  The  stomach  and  transverse 
colon  were  matted  together  so  that  it  was 
impossible  to  determine  the  primar)-  seat  of 


tion  was  removed  for  microscopic  examina- 
tion from  the  infiltrated  omentum. 

Microscopical    examination    reported    by 
Dr.  L.  C.  Knox.  Section  consisted  of  fatty 
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tissue  with  extensive  prockictive  inflamma- 
tion and  large  collections  of  lymphocytes, 
and  throughout  this  a  few  infiltrating  car- 
cinomata  cells.  The  cells  were  rather  small 
and  were  found  in  small  groups  onlv,  but 
the  nuclei  were  large,  hyperchromatic.  and 
showed  numerous  mitoses.  There  was  no 
tendency  to  form  glands  and  no  evidence  as 


aged  sixty-three.  The  patient  had  suffered 
from  vomiting  for  several  months;  no  food 
in  the  vomitus.  just  mucus  and  apparently 
bile.  The  vomiting  had  become  almost  con- 
tinuous and  was  without  relation  to  the  tak- 
ing of  food.  It  was  impossible  to  obtain 
stomach  contents  for  a  gastric  analysis.  (The 
reason  for  this  is  verv  evident  in  view  of  the 


Fig.  II.  Case  \'.  Le.\ther-Bottle  Stomach  Due  to  Carcinoma  (?). 
Twenty-five  minutes.  Note  small  size  and  dumb-bell  shape,  very  rapid 
emptyin.L;  and  compensatory  dilatation  of  esophagus. 


to  the  possible  origin  of  the  growth.  Diag- 
nosis: Metastatic  carcinoma  from  abdomen. 
Discharged   from  the  hospital  August  7. 

1919- 

[Note:  Just  prior  to  publication  of  this 
article  an  additional  case  of  leather-bottle 
stomach  has  been  observed.  The  history  is  as 
follows:] 

Case  V.  Leather-Bottle  Stomach 
Due  to  Carcinoma   (?). — C.  AL,  female. 


rapid  emptying  of  the  stomach  shown  radio- 
graphically.  )  Wassermann  negative. 

Roentgen  examination:  the  lower  end  of 
the  esophagus  showed  slight  dilatation. 
( Fig.  II.)  The  stomach  was  exceedingly 
small  and  dumb-bell  shaped.  (Figs.  12.  13.) 
The  pvlorus  was  gaping  so  that  the  entire 
duodenum  and  upper  jejunum  were  imme- 
diately filled.  Moderate  dilatation  of  the 
duodenum  suggested  some  tendency  to  com- 
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pensation  for  the  small  size  of  the  stomach. 
Roentgen  diagnosis:  leather-h(^ttle  stomach 
— cause  not  evident. 

A  confirmatory  examination  made  three 
davs  later  showed  the  same  appearance.  Xo 
abnormality  of  the  colon  observed. 

On  account  of  the  continuous  vomiting  the 
patient  begged  for  operative  relief.  ^larch 
II,  1921  (two  weeks  later)  a  jejunostomy 
was  performed  by  W.  A.  Downes.  At  op- 
eration the  stomach  was  found  to  be  greatly 
reduced  in  size  and  capacity,  giving  a  typical 


CONCLUSIONS 

1.  The  cautious  roentgenc^logist,  on  en- 
countering a  case  showing  the  typical  appear- 
ance of  leather-bottle  stomach,  will  do  well 
to  report  his  findings  in  detail,  but  reserve 
his  final  diagnosis,  stating  that  the  case  may 
be  one  of  three  things: 

(a)  S}'philis  of  the  stomach. 

(b)  Diffuse  carcinoma  r)f  the  stomach. 

(c)  Fibromatosis  of  the  stomach  wall. 

2.  The      terms      "linitis     plastica"      and 


Fig.  12.  Case  Y.  Leather-Bottle  Stom.ach  Due  to 
C-'XRCixoM.v  (?).  Twenty-eight  minutes.  Dilatation 
of  duodenum  compensating  for  small  size  of 
stomach. 


Fig.  13.  C.\SE  \'.  Leather-Bottle  Stomach  Due  to 
Carcixom.v  (?).  Thirty-two  minutes.  Note  dumb- 
bell appearance   still  persisting. 


leather-bottle  appearance.  The  walls  were  ex- 
tensively involved  in  what  appeared  to  be  a 
diffuse  carcinoma.  In  the  middle  of  the  lesser 
curvature  was  a  contracted  area  which  sug- 
gested the  site  of  a  previous  ulcer.  No  evi- 
dence of  secondary  nodules  in  the  liver  or 
lymph  nodes,  so  that  no  material  was  ob- 
tained for  microscopic  examination. 

Further  report  of  this  case  may  be  made 
later. 


"leather-bottle  stomach"  may  well  be  re- 
tained as  descriptive  of  this  type  of  deform- 
ity of  the  stomach,  but  with  a  full  apprecia- 
tion of  its  triple  nature. 

DISCUSSION 

Dr.  A.  F.  Holding.  In  discussing  this  paper, 
we  (Jackson  Clinic)  happen  to  have  a  case  of 
linitis  plastica  hypertrophia  chronica,  and  I 
thought  I  would  show  you  the  slides  and  trace 
the  development  of  this  case,  which  as  far  as  I 
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know  is  unique  in  that  it  has  been  under  .i*-ray 
observation  since  its  start.  This  case  was  ex- 
amined first  in  December,  1919,  and  a  filUng 
defect  demonstrated.  I  reported  a  "filUng  de- 
fect which  was  suspicious,"  and  suggested  a 
re-ray.  Dr.  James  A.  Jackson  and  I  examined 
the  patient  together  fluoroscopically.  We  got  a 
perfect  outhne  of  the  stomach,  so  we  thought 
that  the  defect  previously  seen  was  due  to 
spasm  or  to  pressure  of  the  spine,  or  some- 
thing like  that.  There  was  no  tumor  palpable. 
The  case  was  discharged  with  instructions  to 
report  at  the  end  of  three  months.  At  the  end 
of  eight  months,  I  found  the  case  had  gone  to 
the  University  Clinic,  and  that  they  had  made 
an  A'-ray  examination.  Dr.  R.  H.  Jackson  was 
asked  for  a  surgical  opinion,  and  we  asked  to 
see  the  plates.  These  plates  showed  a  filling 
defect,  constant,  which  we  thought  was  car- 
cinoma. At  this  time,  there  was  a  palpable 
epigastric  tumor. 

This  shows  the  development  of  this  case — 
eight  months  before  we  found  first  a  filling 
defect,  and  then  were  able  to  exclude  it — for 
by  the  administration  of  antispasmodics,  we 
had  a  normal  stomach  shadow — no  palpable 
tumor.  Eight  months  later — large,  typical,  con- 
stant filling  defect — palpable  epigastric  tumor. 

The  cas.e  was  operatef^by  Dr.  R.  H.  Jackson, 


and  a  pylorectomy  done.  After  taking  the 
tumor  out  he  said  it  cut  rather  "funny,"  that 
it  showed  a  cheesy  consistency,  and  did  not 
cut  like  a  typical  carcinoma,  that  when  he  cut 
through  it,  it  creaked  like  leather.  So  the 
specimen  was  sent  to  the  Alayo  Clinic,  and 
they  reported  back  a  topical  case  of  linitic 
plastica.  Through  the  kindness  of  Dr.  Broders, 
I  have  been  able  to  obtain  slides  and  photo- 
micrograph of  the  case,  which  are  here  pre- 
sented. I  am  indebted  to  Dr.  Curl  for  the 
privilege  of  showing  some  of  these  plates. 


Dr.  L.  T.  LeWald.  A  question  has  been 
brought  up  which  is  still  under  discussion  by 
pathologists.  For  example,  Dr.  Ewing,  I  be- 
lieve, takes  the  stand  that  all  linitis  plastica 
cases  are  malignant,  with  the  idea  that  they 
are  carcinomatous,  that  if  you  search  hard 
enough,  you  will  find  carcinoma  cells.  How- 
ever, other  pathologists  do  not  agree  with  this, 
and  among  a  series  of  sixty  cases  reported  by 
Dr.  Lyle,  you  will  find  statements  like  the 
following:  "Linitis  plastica,  malignant  type; 
linitis  plastica,  benign  type,"  etc.  Case  I  is  run- 
ning a  course  toward  a  fatal  determination, 
but  whether  due  to  the  gastric  stenosis  or  to 
malienancv  is  not  definitelv  known. 
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A  MONG  the  numerous  biological  phe- 
-^^  nomena  which  have  been  studied  in 
connection  with  .r-rays  and  other  radiant 
agents,  the  effect  on  enzymes  has  received 
considerable  attention.  Usually  such  studies 
have  been  made  by  subjecting  enzymes  in 
vitro  to  rays  of  varying  intensity.  The  opin- 
ion has  been  repeatedly  expressed  that  intra- 
cellular enzyme  activity  must  be  altered  fol- 
lowing the  raying  of  tissues,  and  a  number 
of  observations  have  been  recorded  which  re- 
late to  this  subject.  Thus  Heile^  believed  that 
the  destruction  of  the  leucocytes  would  lib- 
erate large  amounts  of  proteolytic  enzymes 
and  that  these  liberated  enzymes  would  then 
be  able  to  attack  other  tissues.  Neuberg," 
who  worked  with  the  effect  of  radium  on 
tumors,  formulated  his  ideas  in  the  follow- 
ing manner.  The  radiation  causes  a  destruc- 
tion of  all  the  enzymes  which  have  to  do 
normally  with  the  anabolic  processes  of  the 
cell,  while  those  that  bring  about  autolysis 
are  not  altered.  He  showed  that  rayed  car- 
cinoma tissue  autolyzed  more  rapidly  in  vitro 
than  unrayed  tissue.  A  number  of  other 
workers  have  reported  experiments  similar 
in  character  (Packard,  Heile,  Wohlgemuth, 
etc.). 

So  far  no  experiments  have  been  reported 
which  deal  with  the  actual  demonstration  of 
alterations  in  the  titer  of  the  serum  enzymes 
after  A"-rav  or  similar  stimulation.  Lender  the 
circumstances  we  thought  it  would  be  of  in- 
terest to  determine  (a)  whether  such  an 
alteration  in  titer  does  take  place,  (b) 
whether  variations  in  the  serum  enzymes 
take  place  when  different  organs  are  stimu- 
lated, and  (c)  the  influence  of  different  de- 


grees of   stimulation  on  the   alterations  m 
titer. 


In  our  experiments  w^e  have  used  dogs 
rather  than  the  smaller  laboratory  animals. 
The  larger  serum  amounts  can  be  withdrawn 
from  them  for  study  without  injury ;  the 
normal  serum  enzyme  titers  more  closely 
resemble  those  obtained  in  the  human,  and 
in  smaller  animals  the  raying  of  organ 
groups  is  technically  much  more  difficult  and 
uncertain.  Even  in  dogs  it  is  of  course  im- 
possible to  confine  the  rays  to  any  one  organ, 
so  that  when  the  liver  area  is  rayed,  parts 
of  the  pancreas,  the  gastro-intestinal  tract, 
etc..  will  necessarily  be  included  to  some 
extent  and  the  results  must  be  interpreted 
with  this  consideration  in  mind.  In  our  pre- 
liminary experiments  we  used  large  doses 
(Coolidge  tube,  lO  inch  distance  from  the 
skin,  8  ma.,  5  to  8  inch  back-spark  without 
filter)  for  periods  ranging  from  fifteen  min- 
utes to  one  hour.  \\"ith  the  shorter  periods  of 
exposure  we  found  that  raying  of  the  liver 
and  intestinal  areas  resulted  in  some  mobili- 
zation of  enzymes,  but  that  following  the 
longer  periods  the  titer  of  the  enzymes 
diminished.  \Nt  then  proceeded  with  a  filter 
(4  mm.  aluminum)  and  reduced  the  time  of 
exposure  to  the  following  periods — five  min- 
utes, ten  minutes  and  twenty  minutes,  the 
latter  with  and  without  a  filter.  When  so 
rayed,  considerable  alterations  in  the  serum 
enzymes  could  be  determined  depending  on 
the  area  rayed  and  on  the  duration  of  the 
exposure. 

Our  studies  on  the  dogs  included  the  nitro- 
gen secretion,  the  non-coagulable  nitrogen  of 
the  serum,  the  leucocyte  and  differential 
count,  the  coagulation  time  of  the  blood,  the 
titer  of  the  serum  protease,  peptidase,  este- 
rase (lipase),  diastase,  the  anti-trypsin,  and 
the  complement  titer.  During  the  course  of 
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the  experiments  a  number  of  dogs  were  used 
for  each  regional  exposure,  but  in  the  accom- 
panying chart  the  average  for  two  dogs  has 
been  used. 

Nitrogen  Excretion. — The  animals  were 
kept  in  metabolism  cages  and  on  a  fixed 
diet.  With  the  exception  of  the  periods  fol- 
lowing the  longest  liver  exposures  there  was 
no  apparent  increase  of  nitrogen  excretion 
following  the  .r-ray  periods  in  the  course  of 
the  experiments.  Following  the  twenty  min- 
ute exposure  of  the  liver  area  the  average 
nitrogen  excretion  was,  however,  increased 
approximately  60  per  cent  for  a  period  of 
four  days  following  the  exposure. 

Non-coagulahlc  nitrogen  of  the  scrum. — 
This  was  altered  to  a  considerable  extent 
only  following  raying  of  the  liver  area  where 
an  increase  of  as  much  as  50  per  cent  was 
occasionallv  determined  after  raying  for  ten 
minutes  or  more.  This  increase  persisted  for 
several  days  in  such  animals.  Hall  and 
Whipple  "  in  their  experiments  with  lethal 
A--ray  doses  obtained  such  increases  with 
considerable  regularity. 

The  Leucocyte  Count. — The  leucocytic 
reaction  showed  considerable  differences 
with  thetlifferent  regions  stimulated.  In  the 
following  tabulation  the  normal  count  taken 
before  the  .r-ray  exposure  is  contrasted  with 
the  average  of  the  counts  obtained  for  the 
one-half  hour,  one  hour,  five  hour,  twenty- 
four  hour,  forty-eight  hour  and  seventy-two 
hour  periods: 

Chart  I 


Liver 


Stlccii 


IiitiW'tiiic 


Normal           4,000 

10,000 

3,000 

After  5  mill. 

Exposure 

7,600 

16,700 

3,400 

Before            3,200 

14,200 

3,000 

After  10  mill. 

Exposure 

5.600 

13,400 

8,200 

Before             3400 

11,400 

7,400 

After  20  mill. 

Exposure 

10,000 

11,300 

12,900 

Before  4,800  I3,700  14,300 

After  20  mill. 

Exposure  8,100  14,300  17.450 

(without  filter) 


In  Chart  I  the  eft'ect  of  the  raying  on 
the  leucocytes  is  graphically  apparent.  It 
will  be  observed  that  following  the  raying 
of  the  liver  there  resulted  a  leucocytosis  of 
transient  nature;  following  raying  of  the 
intestinal  area  the  effect  of  raying  was  a 
step-like  increase  until  a  relatively  high 
leucocytosis  (15,000)  was  maintained.  The 
two  dogs  used  for  the  spleen  experiment 
commenced  with  a  relatively  high  leucocyte 
count  (as  well  as  a  high  serum  enzyme 
titer)  and  raving  did  not  materially  alter 
the  count.  The  commonly  observed  leuco- 
penia  that  follows  raying  in  the  human  was 
not  observed  in  this  series  of  animals  with 
the  doses  that  we  employed. 

Differential  Count. — Following  the  raying 
of  the  hepatic  area  three  of  four  dogs  ob- 
served showed  a  well  marked  eosinophilia. 
This  ranged  from  5  per  cent  to  20  per  cent 
and  persisted  for  a  number  of  days  after  the 
exposure.  Raying  of  the  intestinal  area  and 
the  splenic  area  resulted  in  general  in  a 
diminution  of  the  mononuclear  elements  and 
a  relative  increase  in  the  polymorphonuclear 
cell  forms. 

Blood  Coagulation. — A  number  of  Euro- 
pean observers  have  recently  discussed  the 
increase  in  coagulability  of  the  blood  which 
they  have  observed  after  raying  of  the 
spleen.  Our  observations  were  made  with 
the  capillary  tube  method  and  gave  us  a  nor- 
mal clotting  time  that  varied  between  three 
and  four  minutes.  Promptly  following  the 
raving  of  the  animals  this  was  usually  re- 
duced from  one  to  two  minutes,  the  blood 
clotting  so  rapidly  that  the  bleeding  of  the 
animals  was  at  times  very  difficult.  In  our 
series  there  seemed  very  little  difference 
whether  the  splenic  or  hepatic  or  intestinal 
area  was  rayed,  the  result  being  apparent  no 
matter  what  region  was  stimulated.  In 
studies  reported  in  the  following  paper  it  was 
found  that  an  increase  in  the  thromboplastic 
substance  as  well  as  an  increase  in  fibrinogen 
occurred  after  the  raying. 

The  Serum  Encymes  Protease. — The  pro- 
teolytic titer  of  the  serum  was  estimated  by 
the  chloroform  method  which  has  been  de- 
scribed elsewhere.^  While  open  to  objections, 
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it  nevertheless  seems  to  give  a  fair  index  of 
the  proteolytic  capacity  of  the  blood.  As  will 
be  observed  in  the  chart  (the  nitrogen  digest 
of  the  serum  is  expressed  in  i/io  milli- 
grams), raying  of  the  hepatic  area  increased 
tlie  serum  proteases  after  the  ten  minute  ex- 
posure and  the  twenty  minute  exposure.  The 
long  exposure  when  unscreened  was  no 
longer  effective.  Protease  appeared  in  the 
serum  after  raying  the  intestinal  area,  too, 
while  raying  the  spleen  seemed  in  general  to 
be  followed  by  a  diminution  of  the  originallv 
high  titer. 

Peptidase. — Peptidase  was  titrated  by  al- 
lowing varying  dilutions  of  serum  to  digest 
Witte  peptone  and  determining  the  libera- 
tion of  tryptophan  by  means  of  the  simple 
bromine  color  reaction.  Normal  dog  serum 
contains  practically  no  peptidase ;  after  ray- 
ing the  liver  the  enzyme  makes  its  appear- 
ance but  never  to  the  extent  that  was  ob- 
served after  raying  the  intestinal  area.  Ray- 
ing of  the  splenic  area  was  never  followed 
by  such  mobilization. 

Lipase. — Serum  esterase  was  determined 
by  incubating  eth}-l  butyrate  with  serum  and 
titrating  the  resulting  formation  of  acid  by 
means  of  1/50  NaOH.  iModerate  doses  of 
.r-rays  seem  to  mobilize  this  enzvme  after 
raying  the  he|)atic  as  well  as  the  intestinal 
area ;  raying  of  the  splenic  area,  on  the 
other  hand,  seemed  to  cause  a  gradual  reduc- 
tion in  the  amount  of  lipase  in  the  serum. 
This  was  not,  however,  a  constant  finding 
in  all  of  our  animals,  for  in  some  raying 
of  the  spleen  was  at  times  followed  by  a 
well-marked  mobilization  of  lipase,  especiallv 
following  a  single  dose  of  moderate 
intensity. 

Serum  Diastase. — The  titer  of  the  serum 
diastase  was  determined  with  the  Wohlge- 
muth method  of  starch  digestion  by  varying 
dilutions  of  serum,  and  the  titer  is  expressed 
in  units  (24  hour  digestion).  Raying  of  the 
hepatic  area  was  usually  followed  by  a  short 
sharp  rise  in  the  diastase  curve.  In  the  chart 
this  does  not  become  apparent  because  the 
average  for  the  six  bleedings  after  the  x-ray 
exposure  w^as  not  greatly  altered.  Raving  of 
the  intestinal  area  did  not  gfenerallv  influence 


the  titer,  while  raying  of  the  splenic  area  was 
followed  rather  by  a  diminution. 

Coinpleinent. — The  complement  titer 
(hemolytic  titer)  w^as  followed  in  a  number 
of  animals,  but  seemed  unaffected  by  the 
rays  in  the  dosage  that  we  employed.  (Not 
charted.) 

Anti-ferment. — Fluctuations  in  the  titer  of 
the  serum  anti- ferment  were  quite  marked. 
As  a  rule  the  titer  increased  for  a  short  time 
following  the  exposure,  then  diminished  and 
gradually  increased  again  for  from  forty- 
eight  to  seventy-two  hours.  The  most  marked 
effect  followed  the  more  intense  periods  ex- 
posure. (Not  charted.) 

DISCUSSIOX 

\\'hile  the  clinical  development  of  the 
.r-rav  and  the  related  radiant  agents  has  been 
confined  largely  to  the  field  of  diagnosis  and 
local  therapeusis,  the  possibility  of  remote 
therapeutic  effect  has  not  been  uninteresting 
to  medical  observers.  Among  them  Edsall 
and  Pemberton  ^  endeavored  to  utilize  the 
effect  of  the  .r-ray  in  stimulating  autolytic 
processes  by  their  effort  to  hasten  the  auto- 
Ivsis  of  unresolved  pneumonia  by  means  of 
-I'-ra}'.  Since  their  publications  a  number  of 
observers  have  apparently  sought  similar  ap- 
plications. Perhaps  the  work  of  Manukhine  ® 
is  of  particular  interest  in  this  direction. 
Manukhine,  aware  of  the  influence  that  the 
spleen  seems  to  have  in  favorably  influen- 
cing the  course  of  a  tuberculous  process, 
found  that  when  he  rayed  the  spleen  of 
tuberculous  animals  (and  patients)  the  tu- 
berculous process  improved.  When,  on  the 
other  hand,  he  rayed  the  liver  the  tuberculous 
process  rapidly  extended.  He  sought  to  ex- 
plain the  result  because  of  the  differences 
that  follow  in  the  leucocytic  reaction  with 
the  different  organs  stimulated.  \Miile  this 
is  not  to  be  excluded,  we  are  nevertheless  of 
the  opinion  that  other  factors  must  be  taken 
into  consideration,  among  them  the  effect  of 
the  serum  enzvmes  which  as  we  have  shown 
in  these  studies  takes  place  after  .r-ray 
stimulation. 

Other  observers  besides  Manukhine  have 
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taken  advantage  of  the  remote  effects  of 
-f-ray  stimulation  to  bring  about  therapeutic 
effects.  Drey  and  Losser  '  have  but  recently 
called  attention  to  the  effect  of  splenic  .r-ray 
stimulation  on  bronchial  asthma,  an  effect 
first  observed  by  Schilling;^  Stettner "  has 
used  the  stimulating  property  of  .t'-rays  in 
increasing  healing  and  ossification  and  has 
also  made  the  application  in  the  stimulation 
of  glands  of  internal  secretion,  as  for  in- 
stance in  raying  the  head  to  stimulate  the 
hypophysis  to  promote  growth.^"  Stephan's  " 
w^ork  in  studying  the  effect  of  splenic  raying 
on  the  blood  coagulating  mechanism  will  be 
discussed  in  the  following  paper. 

The  regional  stimulation  of  the  abdom- 
inal organs  such  as  we  have  reported  in  this 
paper  may  perhaps  be  of  some  significance  in 
the  study  of  the  intoxications  brought  about 
by  -I'-rays  and  similar  agents.  Using  small 
laboratory  animals  Denis,  Martin  and 
Aldrich  ^-  found  that  intoxication  was  de- 
pendent on  exposure  of  some  part  of  the 
gastro-intestinal  tract  and  they  are  of  the 
impression  that  the  intoxication  is  closelv 
concerned  with  a  reduction  of  the  alkali  re- 
serve found  by  them  following  raying  of 
intestinal  areas.  Hall  and  \Miipple  ^  regard 
the  intoxication  as  a  protein  intoxication  fol- 
lowing injury  of  the  gastro-intestinal  mu- 
cous membrane.  If  the  effect  is  in  the  nature 
of  a  non-specific  protein  intoxication  we 
must  keep  in  mind  that  some  of  the  remote 
therapeutic  effects  occasionally  observed  mav 
be  closely  related  to  non-specific  therapeutic 
results  obtained  by  other  means,  such  as  vac- 
cine, proteose,  milk  or  tuberculine  injections. 

If  pathological  lesions  are  to  some  extent 
influenced  bv  the  serum  enzvmes  it  would 


seem  to  us  possible  that  through  .r-ray  organ 
stimulation  or  stimulation  by  other  related 
agents  a  means  of  such  therapeutic  control  is 
offered.  We  are  of  course  at  the  present  time 
unable  to  state  definitely  whether  the  metab- 
olism of  the  normal  cell  is  altered  b}^  the  al- 
teration in  titer  of  serum  enzymes ;  but  where 
we  deal  with  necrotic  tissue  it  would  seem 
plausible  that  an  increase  of  the  proteolytic 
serum  enzymes  w^ould  hasten  the  removal  of 
such  material  provided  that  other  factors 
that  influence  digestion  (hydroxyl-hydrogen 
balance,  anti-ferment  concentration,  etc.)  are 
favorable.  It  might  seem  of  interest  to  keep 
such  enzyme  mobilization  in  mind  when 
studying  the  remote  effects  of  radiant  agents, 
not  only  where  we  have  to  deal  with  toxic 
manifestations  (.r-ray  shock,  etc.)  but  also 
where  favorable  therapeutic  influences  are 
made  manifest. 
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THE  INFLUENCE  OF  X-RAY  ORGAN  STIMULATION  ON 
THE  COAGULATION  MECHANISM 

By  clarence  C.   SAELHOF,   M.D. 

Department  of  Pathology  and  Laboratory  of  Physiological  Chemistry,  University  of  Illinois, 

College  of  Medicine 

CHICAGO,    ILLINOIS 


DURING  the  experimental  observations 
on  the  effect  of  the  x-ray  exposure  of 
the  hepatic,  splenic  and  intestinal  areas  for 
varying  periods  of  time  as  reported  in  the 
preceding  paper,  evidence  of  a  change  in  the 
coagulation  time  of  the  blood  was  obtained. 
A  number  of  recent  investigators,  observing 
the  reduction  of  the  coagulation  time  follov^- 
ing  the  raying  of  the  splenic  area  have  sug- 


extensive  loss  of  blood.  The  essential  factor 
that  arrested  and  cured  the  hemorrhagic  ten- 
dency was  the  increase  in  the  quantity  of  the 
coagulating  ferment,  and  this  was  realized 
by  the  action  of  the  roentgen  rays  on  the 
spleen.  He  thinks  they  exert  a  specific  func- 
tional stimulus  on  the  elements  of  the  spleen 
other  than  the  lymph  follicles.  The  blood 
platelet  count  does  not  seem  to  be  modified. 


Norniai  normal  —  i    -■  l      i  ■= 
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Chart  I.  Coagulation  Time  of  the  Blood  after  A'- Ray  Exposltre  egr  Five,  Ten  and  Twenty  Minutes. 


gested  that  measure  for  therapeutic  use  in 
cases  of  severe  hemorrhage.  Stephan  ^  for 
instance  reports  a  case  of  purpura  fulminans 
in  a  man  of  forty-five  in  which  a  refractory 
hemorrhagic  diathesis  was  successfully  com- 
bated early  in  191 9  by  means  of  deep  roent- 
genotherapy applied  to  the  spleen.  Investiga- 
tions that  he  undertook  in  connection  with 
this  result  led  him  to  state  that  roentgen 
radiation  applied  to  the  spleen  rapidly  de- 
creases the  coagulation  time  of  the  blood  in 
vitro,  and  increases  likewise  to  a  consider- 
able extent  the  amount  of  coagulating  fer- 
ment in  the  blood  serum.  Radiation  seems 
to  have  the  same  effect  on  the  orranism  as 


The  coagulation  time  was  shortened  some- 
times to  one  fourth  even  in  normal  subjects 
by  raying  the  spleen ;  the  maximum  effect 
was  apparent  between  the  second  and  fourth 
hours,  and  then  gradually  subsided.  His 
clinical  and  experimental  research  demon- 
strated, he  believes,  that  stimulating  the 
functioning  of  the  spleen  by  roentgen  ra- 
diant energy  must  be  regarded  as  theoreti- 
cally a  true  physiologic  method  of  arresting 
venous  and  parenchymatous  hemorrhages.  In 
numerous  cases  it  proved  extraordinarily  ef- 
fectual in  practice,  far  surpassing  the  effect 
of  any  medical  hemostatics. 

Jurasz  "  considers  this  observation  of  con- 
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siderable  practical  importance  in  surgery,  and 
recommends  that  before  operative  proced- 
ures the  coagulation  time  of  the  patient  be 
determined,  and  if  it  is  found  delayed,  that 
the  patient  be  rayed  from  fifteen  to  twent) 
hours  before  the  operation  in  order  that  the 
coagulation  time  be  brought  within  normal 
limits. 

As  a  matter  of  fact  it  is  probable  that  an}- 
stimulation  of  the  spleen  results  in  this  same 
effect  on  coagulation.  Thus  Nonnenbruch 
and  Szyszka  "  found  that  simple  diatherni) 
of  the   splenic   area   would   appreciabl)    in- 


might  simulate  the  results  obtained  when 
there  is  an  actual  increase  in  the  thrombin. 

In  view  of  the  practical  importance  of  the 
subject  we  have  made  a  detailed  study  of  the 
alterations  that  occur  in  the  coagulation 
mechanism  following  ra}ing  of  the  hepatic 
intestinal  and  splenic  area.  The  observations 
included  the  following:  clotting  time;  pro- 
thrombin; antithrombin ;  fibrinogen;  blood 
platelets. 

Prothrombin  and  antithrombin  determina- 
tions were  performed  according  to  the 
method  of  Minot.**  Thrombin  was  prepared 
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Chakt  II.   ^iF..\\\    LiXE — Titer  after  raying  hepatic  area;   Dotted  Line — Intestinal  area; 
Light  Line — Splenic  area. 


crease  the  coagulability  of  the  blood  in  from 
one  to  two  hours.  The  effect  was,  of  course, 
not  quite  so  pronounced  as  following  radia- 
tion. Szenes*  found  that  the  increase  in  co- 
agulation occurred  not  only  after  raying  the 
spleen,  but  after  raying  lymphatic  tissues 
in  general. 

In  a  more  recent  publication  Stephan  ^ 
takes  exception  to  the  work  of  Szenes,  how- 
ever, for  the  reason  that  his  observations 
were  limited  wholly  to  the  measuring  of 
the  coagulation  time,  not  to  a  study  of  the 
individual  factors  in  the  coagulation  balance. 
Thus  a  lowering  of  the  antithrombin  con- 
tent,  or  an   increase   in  the   platelet   count 


according  to  Howell.'  Fibrinogen  determina- 
tions were  recorded  according  to  Wohlge- 
muth.* Blood  platelet  counts  were  observed 
by  the  Wright-Kinnicut  method. 

Dogs  were  exposed  for  lo  minutes  (Cool- 
idge  tube,  screened  by  a  4  mm.  aluminum 
screen,  at  10  inch  distance,  8  ma.  and  5  inch 
back-spark)  over  the  liver,  intestinal  and 
splenic  areas.  The  exposures  were  made  in 
the  morning  (serum  samples  being  obtained 
before)  one-half,  one,  five  and  twentv-four 
hours  after  exposure. 

Blood  Coagulation. — In  studying  the 
coagulation  time,  capillary  tubes  drawn  out 
to  a  uniform  diameter  were  used,  the  clotting 
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time  recorded  when  on  breaking  the  tube  a 
firm  coagulum  could  be  drawn  out.  In  our 
experiments  the  most  prompt  effect  on  the 
clotting  time  seemed  to  follow  raying  of  the 
lower  intestinal  tract ;  the  effect  on  the  clot- 
ting time  following  exposure  of  the  splenic 
area  was  more  delayed.  In  the  later  case, 
however,  the  effect  on  the  coagulation 
especially  after  longer  raying  periods  was 
more  prolonged.  In  Chart  I  the  average 
coagulation  time  is  shown. 

In  view  of  the  rather  decided  changes  in 
the  coagulation  time  above  noted  we  anti- 
cipated marked  alterations  in  the  titers  of 
the  coagulating  factors  in  the  blood,  corres- 
ponding to  the  observations  of  Stephan.  In 
this  we  were  disappointed.  As  will  be  ob- 
served in  the  next  chart  (Chart  II)  fluctua- 
tions in  the  various  elements  of  the  balance 
did  occur  but  not  to  the  extent  demanded  by 
the  marked  lowering  of  the  actual  coagula- 
tion time. 

Blood  Platelets. — Raying  of  the  hepa- 
tic area  gave  a  maximum  increase  of  blood 
platelets  during  the  one  half  to  one  hour 
period,  gradually  returning  to  normal.  Ray- 
ing of  the  splenic  and  intestinal  areas  gave  a 
gradual  diminution  in  the  platelet  count  dur- 
ing the  ensuing  time  periods. 

Prothrombix. — Exposure  of  the  liver 
showed  a  slight  decrease  up  to  the  one-half 
hour  sera,  with  gradual  increase  in  the  re- 
maining sera,  while  the  spleen  and  intestinal 
exposures  showed  an  increase  with  a  subse- 
quent return  to  normal.  (The  curve,  Chart 
II,  in  which  the  serum  dilutions  are  charted, 
represents  the  inverse  of  the  actual  titer  of 
the  prothrombin  present  in  the  serum.  Thus 
the  actual  amount  following  hepatic  raying 
after  a  slight  diminution,  was  increased,  as 
was  also  the  case  after  raying  the  splenic  and 
intestinal  areas.) 

Antithrombix. — Raying  the  intestines 
showed  a  maximum  increase  during  the  one 
to  five  hour  periods ;  splenic  raying  showed 
a  slight  increase  through  to  the  twenty-four 
hour  sample,  while  raying  of  the  hepatic  area 
showed  a  miximum  increase  during  the  one 

Fibrinogen. — The  maximum  increase  in 
fibrinogen  from  intestinal  raying  was  noted 


in  the  one  and  five  hour  period,  diminishing 
to  below  normal  in  twenty-four  hours.  The 
splenic  raying  was  followed  by  a  decrease 
with  a  maximum  increase  at  the  five  hour 
period,  returning  to  normal  at  the  twenty- 
four  hour  period.  Liver  raying  showed  tran- 
sitory increase  with  fluctuating  decrease  and 
increase  to  below  normal  as  noted  in 
Chart  II. 

CONCLUSIONS 

1.  Raying  of  the  splenic  area  in  dogs  is 
followed  by  a  diminution  in  the  clotting  time 
of  blood  determined  by  the  capillary  tube 
method. 

2.  Raying  of  other  areas  (hepatic  and  in- 
testinal) is  also  followed  by  similar  changes 
in  the  clotting  time.  The  mechanism  of  the 
alterations  in  clotting  time  may  differ  fol- 
lowing various  regional  exposure.  Thus  ray- 
ing of  the  splenic  area  was  followed  by  an 
increase  in  prothrombin,  some  increase  in 
antithrombin,  a  rather  delayed  increase  in 
fibrinogen,  with  little  alteration  of  the  plate- 
let count.  Raying  of  the  hepatic  area  was  fol- 
lowed by  a  rather  considerable  increase  in 
platelet  count ;  raying  of  the  intestinal  area 
by  an  increase  in  the  amount  of  fibrinogen. 

3.  Inasmuch  as  the  effect  of  the  ;r-ray  ex- 
posure is  Cjuite  prompt  the  use  of  this 
measure  in  surgical  cases  as  well  as  in  the 
management  of  medical  cases  associated  with 
a  hemorrhagic  diathesis  seems  a  feasible  pro- 
cedure. The  clinical  success  of  the  .I'-ray  in 
the  treatment  of  uterine  hemorrhage  may 
depend  in  part  on  the  general  effect  on  the 
coagulation  mechanism. 
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AN  X-RAY  BURN  OF  THIRD  DEGREE  FOLLOWED 
BY  RAPID  HEALING* 

By  EDWARD  S.  BLAINE,  M.D. 

Roentgenologist  to  Cook  County  Hospital;   Instructor  in  Roentgenology 
Northwestern  Medical  School 

•  CHICAGO,    ILLINOIS 


AN  UNUSUAL  case  of  rapid  healing  of 
an  extensive  .f-ray  burn  seems  of  suf- 
ficient interest  to  .t'-ray  therapeutists  to  war- 
rant its  formal  presentation  in  detail.  Lest 
the  surprising  occurrences  hereinafter  de- 
scribed be  doubted  by  those  whose  .r-ray  ex- 
periences have  brought  them  into  contact 
with  similar  reactions  of  unwished  for  de- 


this  superficial  skin  destruction  will  be  fol- 
lowed by  healing  which  takes  several  weeks 
(sometimes  months)  and  disappears,  leaving 
little  or  no  scarring.  In  some  cases  such  reac- 
tions become  a  serious  consideration  to  the 
therapist  if  the  healing  process  be  unusually 
slow.  Through  accident,  an  overdose  may  be 
so  severe  as  to  result  in  a  third  degree  reac- 


FlG.    I. 

gree  with  less  favorable  results,  photographic 
evidence  is  offered  as  part  of  the  record. 

Experience  in  jr-ray  therapy  in  skin  dis- 
eases teaches  that  the  first  degree  reaction  is 
often  necessarv  to  bring  about  a  cure  in 
many  conditions;  it  is  usually  a  transitory 
condition,  a  reddening  or  blushing,  which 
soon  fades,  the  skin  returning  to  normal.  Oc- 
casionally a  second  degree  reaction  occurs, 
in  cases  in  which  a  first  degree  change  was 
desired.  This  often  follows  an  overdose 
through  misjudging  the  patient's  resistance 
to  JT-ray  action.  Depending  on  the  size  of 
area  involved  and  the  individual's  resistance, 

♦Read  by  title  at  the  Twenty-first  Annual  Meeting  of  The  American  Roentgen  Ray  Society,  Minneapolis,  Minn 
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Fig.  2. 

tion  or  burn.  This  third  degree  reaction  is  a 
far  more  serious  event  than  the  preceding 
and  most  often  results  in  a  train  of  develop- 
ments which  gives  the  ;r-ray  therapist  im- 
measurable worry  and  often  mental  anguish, 
as  there  is  so  little  that  one  can  do  for  the 
relief  of  the  condition.  The  degree  of  skin 
and  underlying  tissue  destruction  is  so  great 
that  some  such  cases  will  never  heal  and  re- 
course to  skin  grafting  is  necessary.  The  tis- 
sue destruction  may  extend  through  the 
deeper  muscles  and  reach  the  underlying  bone 
or  even  go  entirely  through  a  part. 

An  exception  to  the  usual  course  of  events 
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in  a  third  degree  .r-ray  burn  occurred  in  a 
case  which  was  being  treated  for  a  very  ex- 
tensive blastomycosis  of  the  lower"  abdomen. 
The  patient  was  a  colored  male,  thirty- 
seven  vears  of  age.  He  was  in  good  physical 


Fig.  3. 

condition  except  for  an  extensive  blastomy- 
cotic  skiij  lesion.  This  lesion  was  of  ten  vears' 
duration  and  began  as  a  small  "pimple"  on 
the  skin  at  the  perineum.  It  was  of  very  slow 
growth  and  gradually  spread  in  anterior  and 
posterior  directions,  reaching  the  posterior 
limit  of  the  median  groove  between  the  nates 
but  not  spreading  over  the  buttocks ;  its 
greatest  spread  occurred  anteriorly  from  the 
point  of  origin  over  the  entire  scrotum,  over 
the  shaft  of  the  penis,  the  glans,  and  it  then 
invaded  the  skin  over  the  lower  abdomen  by 
way  of  both  inguinal  folds,  spreading  about 
ecjually  on  both  sides  of  the  body  to  the  flanks 
at  the  regions  over  the  iliac  crests.  (Fig.  i. ) 
In  the  ten  years  of  growth  the  patient  had 
knocked  around  from  doctor  to  doctor  and 
clinic  to  clinic  but  obtained  no  permanent  re- 
lief. The  lesion  continued  to  spread  slowly  in 
spite  of  all  efforts  to  arrest  its  progress.  He 
was  unable  to  work  and  became  a  public 
charge.  As  is  characteristic  of  this  fungus 
invasion  of  the  skin,  the  edges  of  the  lesion 
only  were  the  site  of  the  activity;  the  re- 
maining area  already  run  over  by  the  growth 


was  left  a  leathery  tough  hard  skin  in  which 
all  skin  pigment  peculiar  to  the  colored  race 
was  lost  and  he  was  seemingly  turning  a 
pinkish  white.  In  the  zone  of  activity  the  le- 
sion itself  had  much  of  a  cauliflower  appear- 
ance. This  zone  was  from  4  to  5  cm.  in  width 
all  along  the  edge;^  of  the  involved  area. 

A'-rav  therapy  was  advised  by  the  late  Dr. 
Harris  ( at  that  time  head  of  the  skin  depart- 
ment of  the  Cook  County  Hospital)  and 
treatment  was  begun  in  September,  191 6.  In 
view  of  the  marked  chronicity  of  the  lesion 
and  failure  of  all  other  therapy  to  effect  a 
cure,  a  more  than  ordinar\-  skin  dosage 
seemed  to  be  indicated.  ^Multiple  areas  were 
necessarv  to  cover  all  the  lesion  present.  The 
normal  skin  was  protected  from  the  exposure 
and  three  circular  areas  over  lower  abdomen 
anteric^rlv  and  one  over  the  perineum  were 
radiated,  four  in  all,  each  three  inches  in 
diameter.  A  formula  of  5  milliamperes  of 
current,  a  5  inch  spark-gap  resistance 
(60,000  volts),  at  a  7  inch  target  to  skin 
distance,  for  five  minutes,  with  2  milliam- 
meters  of   aluminum   filter,   was  given.   No 


Fig. 


noticeable  changes  followed  the  first  treat- 
ment. A  second  dose  was  given  ten  days  later 
which  was  followed  in  about  a  week  by  a 
noticeable  improvement. 


Rapid  Healing  of  A'-Ray  Burn  of  Third  Degree 
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Subsequent  treatments  were  given  at  t^vo 
weeks'  intervals  and  the  lesion  continued  lO 
improve.  After  the  fifth  series  the  condition 
was  practically  healed  with  but  a  few  spots 
of  activity  remaining,  which  required  more 
treatment.  The  patient  naturally  was  much 
pleased  at  the  outcome  and  relief  from  his 
condition.  He  informed  me  with  much  joy 
that  he  now,  for  the  first  time  in  ten  vears 
was  able  properly  to  use  toilet  paper. 


davs  the  entire  abdominal  wall,  the  skin,  sub- 
cutaneous and  muscle  tissues,  in  the  exact 
area  treated,  about  3  inches  in  diameter,  had 
disappeared  down  to  the  peritoneum.  This 
alarming  event  naturally  caused  much  con- 
cern. The  coils  of  the  intestines  could  be  seen 
through  the  thin  peritoneum  which  appeared 
as  a  more  or  less  transparent  veil.  Why  this 
thin  structure  did  not  also  break  down  is  not 
explained.  The  patient  did  not  complain  of 


Fig.  5. 

At  this  time  an  enforced  absence  necessi- 
tated that  the  treatments  be  given  by  an  as- 
sistant whose  previous  work  had  been  satis- 
factory. Explicit  instructions  called  for  radi- 
ating three  areas  over  the  abdomen  from 
right  to  left  and  the  formula  to  be  followed 
exactly  as  already  described.  Area  No.  i  was 
to  be  given  on  the  right  side  anteriorly ;  area 
No.  2  in  the  median  line  anteriorly  and  No.  3 
to  be  on  the  left  side  also  anteriorly.  Owing 
to  a  slip-up  in  this  proceeding,  area  No.  i  was 
given  which  w^as  followed  by  area  No.  2. 
Then,  instead  of  setting  the  -I'-ray  tube  over 
area  No.  3,  the  No.  i  area  was  given  a  second 
full  dose  under  the  impression  that  this  w^as 
the  area  remaining  to  be  treated.  Of  course 
this  was  not  recognized  at  the  time. 

In  a  very  short  time,  the  second  or  third 
day  following,  a  complete  tissue  break  down 
rapidly  developed  in  area  No.  i ,  and  in  eleven 


Fig.  6. 

much  pain  and  seemed  the  least  worried  of 
those  concerned.  We  cautioned  all  those  in 
his  ward  not  to  startle  him  or  in  anv  wise 
cause  any  sudden  muscular  action,  for  it  was 
feared  that  the  thin  wall  remaining  might 
rupture,  through  sneezing  or  other  similar 
violent  movement  and  thus  call  for  an  emer- 
gency operation  to  replace  .some  popped-out 
colon.  He  was  kept  very  quiet  and  a  sterile 
dressing  kept  in  place  over  the  eroded  area, 
binding  it  firmly  and  very  tightly  over  the 
hole  in  the  belly  wall.  We  held  our  breath, 
prayed  much  and  feared  more,  slept  but  lit- 
tle and  went  about  in  fear  and  trembling. 
No  medication  of  any  kind  was  given  and 
plans  were  made  for  a  later  surgical  repair, 
if  possible.  (Fig.  2.) 

In  fifteen  days  the  broken  down  tissue  had 
increased  but  very  slightly  in  extent.  (Fig. 
3.)  During  the  next  few  days  a  surprising 
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change  took  place  and  in  one  week  one 
hardly  recognized  the  area.  The  edges  had 
filled  in  apparently  with  new  regrown  tissue, 
the  hole  had  closed  and  its  size  was  now 
about  one  third  of  the  original  area.  With 
wonder  we  daily  observed  its  progress.  We 
had  of  course  discontinued  all  jr-ray  treat- 
ment to  the  small,  still  active  spots  which 
consequently  began  to  spread.  In  thirty  days 
(Fig.  4)  the  burn  had  made  further  healing 
progress,  had  become  noticeably  smaller  and 
in  thirty-nine  days  (Fig.  5)  no  definite  evi- 
dence of  the  accident  was  visible.  There  was 
no  real  scar,  and  but  little  puckering  or  draw- 
ing in  of  the  healed-over  spot. 


The  remaining  areas  of  revived  blasto- 
mycotic  growth  were  subsequently  treated 
by  .r-ray  dosage  of  the  same  formula  as  given 
above,  and  a  complete  cure  was  obtained. 
No  untoward  sequelae  have  occurred  since 
the  events  here  described  (three  years)  and 
the  patient  is  now  working. 

Seeking  for  an  explanation  of  this  unusual 
healing  of  so  marked  a  tissue  destruction, 
it  has  been  suggested  that  the  area  in- 
volved was  no  longer  true  skin  tissue,  hav- 
ing been  changed  by  the  fungus  invasion, 
and  that  therefore  it  responded  in  a  different 
way  from  that  in  which  the  normal  skin 
responds. 


HIRSCHSPRUNG'S  DISEASE.     REPORT  OF  CASE 

By  JAMES  G.  WARE,  M.D. 
Roentgenologist  to  the  Cottage  Hospital 

SANTA  BARBARA,  CALIFORNI.\ 


TJISTORY.— Miss  F.  B.,  age  eight,  was 
-^  ■*-  admitted  to  the  hospital  with  the  fol- 
lowing history.  Father  is  a  syphilitic,  and 
mother  is  now  in  a  sanitarium  with  active 
tuberculosis.  Patient  normal  at  birth  accord- 
ing to  mother's  statement.  At  the  age  of 
seven  months  began  to  have  attacks  of  con- 
stipation, which  attacks  would  last  for  sev- 
eral days  at  a  time.  Her  parents  then  ob- 
served that  patient's  abdomen  had  begun  to 
distend,  and  for  the  following  three  years 
had  only  two  stools  a  week.  During  one  pro- 
longed attack  of  constipation,  patient  went 
into  a  state  of  coma,  which  lasted  three  days. 
During  this  time  she  had  involuntary  lic[uid 
stools.  Drastic  cathartics  were  administered 
and  patient  regained  consciousness.  For  the 
past  three  years  child  has  been  given  prune 
juice  and  various  fruits  in  addition  to 
her  regular  diet,  which  has  regulated  her 
bowel  action  fairly  well.  Recently,  however, 
the  attacks  of  constipation  have  become 
more  severe,  lasting  from  a  week  to  ten  days. 
She  complains  of  nausea  at  times,  but  does 
not  vomit.  Patient  has  no  desire  to  play  or 
exert  herself  in  any  way.  as  it  tends  to  bring 
on  cardiac  distress.    She  has  not   lost   anv 


weight.  She  appears  to  be  intelligent,  and 
keeps  up  well  with  her  schoolmates  in  her 
studies. 

Examination. — On  routine  examination, 
child  was  found  to  be  normal  except  for  the 
abdomen.  The  abdomen  was  uniformly  dis- 
tended. A  palpable  mass  could  be  indistinctly 
outlined  on  the  left  side.  The  patient  did  not 
complain  of  any  pain  or  distress  at  the  time 
of  examination.  She  was  put  to  bed  and  an 
attempt  made  to  clean  out  the  intestinal  tract. 
Quantities  of  fecal  matter  were  passed  fol- 
lowing the  administration  of  cathartics  and 
enemas.  On  the  fourth  day  the  patient  was 
sent  to  the  ,i"-ray  department. 

Roentgen  Findings. — Screen  examination. 
Under  the  fluoroscope  the  stomach  appeared 
to  be  somewhat  distended  for  a  child  of  this 
age.  Peristalsis  was  very  inactive.  No  filling 
defects  were  noted.  The  cap  was  visualized. 
The  duodenum  appeared  to  be  distended 
with  gas. 

Plate  Examination. — Plates  made  soon 
after  the  ingestion  of  the  meal  showed  find- 
ings similar  to  those  noted  above.  Six  hour 
plates  showed  considerable  gastric  residue, 
only   a   small   portion   of   the   meal   having 
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passed  into  the  small  intestine,  which  was 
crowded  over  to  the  left  of  the  median  line. 
(Fig.  I.)  Tw^enty-four  hour  plates  dis- 
closed a  large  residue  in  the  cecum,  the  as- 
cending and  transverse  portions  of  the  colon 


Fig.  I.  Six-Hour  Gastric  Residue.  Small  intestine 
crowded  over  to  the  left  of  the  median  line. 

being  well  outlined.  The  transverse  colon 
was  deep  in  the  pelvis.  Plates  made  at  the 
termination  of  twenty-four  hours  showed  a 
small  amount  of  barium  in  the  cecum  and 
transverse  colon.  One  week  later  patient  was 
again  fluoroscoped.  and  a  small  cecal  reten- 
tion was  observed.  She  was  put  to  bed  and 
given  daily  cathartics  and  enemas.  At  the 
end  of  ten  days,  she  was  given  a  barium 
enema  composed  of  1000  c.c.  of  water,  and 
180  grams  of  barium.  This  was  retained 
without  difficulty.  Plates  made  showed  the 
sigmoid  and  descending  colon  to  be  greatly 
distended,  forming  a  pouch-like  mass  which 
filled  the  greater  part  of  the  pelvis  and  left 
abdomen.  (Fig.  2.) 

For  two  days  following  the  administra- 
tion of  the  barium  enema,  patient  passed 
quantities  of  fecal  matter  and  barium.  Re- 
peated fluoroscopic  examinations  continued 
to  show  the  presence  of  barium  in  the  cecum, 
ascending  colon  and  sigmoid.  One  week 
later    the    patient    was    again    fluoroscoped 


and  a  small   cecal   retention  was  observed. 

Diagnosis. — On  the  roentgen  findings  and 
history  of  the  case  a  diagnosis  of  Hirsch- 
sprung's disease  was  made. 

Operation  and  Results. — After  three  days 
of  careful  preparation,  the  case  was  referred 
to  the  service  of  Dr.  Rexwald  Brown  for 
operation.  Through  a  left  rectus  incision,  a 
greatly  dilated  and  thickened  descending 
colon  and  sigmoid  were  delivered.  Owing  to 
the  fact  that  the  dilatation  extended  into  the 
rectum  it  was  found  impossible  to  perform 
an  end-to-end  anastomosis.  The  distal  third 
of  the  descending  colon,  together  with  the 
sigmoid  and  proximal  end  of  the  rectum,  was 
resected.  This  portion  of  the  intestine  con- 
tained approximately  two  quarts  of  liquid 
feces.  The  colon  and  rectum  were  closed  by 
infolding,  and  a  lateral  anastomosis  made 
betw^een  the  two  free  ends  by  means  of  an 
oblong  Murphy  button. 


Fig.  2.  Enormously  Dilated  Rectum,  Sigmoid,  and 
Descending  Colon. 

The  patient's  condition  following  the 
operation,  and  for  the  first  week  w^as  excel- 
lent, and  every  hope  was  held  for  an  un- 
eventful recovery,  but  on  the  ninth  day  she 
suddenly  developed  an  acute  peritonitis. 
Drainage  was  of  no  avail,  and  the  patient 
expired. 


THE  DIAGNOSIS  OF  A  BRAIN  TUMOR 
BY  PNEUMO VENTRICULOGRAPHY 

By  a.  S.  MERRILL,  ^LD. 
Assistant  Roentgenologist,  Massachusetts  General  Hospital 

BOSTON,    MASSACHUSETTS 


TN  any  large  clitiic  a  frequent  subject  of 
-■-    consultation  between  the  surgeon  and  the 
•  roentgenologist  is  the  cjuestion  of  the  exist- 
ence or  the  location  of  a  brain  tumor. 

In  only  a  very  small  percentage  of  tumors 
does  the  growth  cast  a  shadow  on  the  plate 
— Dandy  in  his  studies  of  the  subject  savs  6 
per  cent.   These  were  tun:()rs  v.\th  definite 


adults.  In  the  first  case  the  results  were  so 
striking  that  it  seems  worthy  of  report. 

A  white  boy  of  six  }ears  with  unimport- 
ant previc^us  and  famih-  histories  exhibited 
symptoms  three  years  ago  which  were  diag- 
nosed clinically  as  probable  brain  tumor,  but 
the  roentgenograms  gave  no  evidence  and 
the  lesion  was  never  Ic^calized.   Subsec[uent 


Fig.  I.  Case  I.  Before  Ixjectiox,  showing 
Calcified  Area. 

calcified  areas,  and  naturalh"  onlv  the  calci- 
fied portions  were  visible.  ( Jther  growths 
arising  from  the  intracranial  structures,  be- 
ing of  no  greater  density  than  the  surround- 
ing tissues,  were  of  course  invisible  by  the 
ordinary  methods  of  examination.  The  signs 
of  intracranial  tumors  so  well  studied  and 
ably  described  by  other  writers  are  in  manv 
cases  pathognomonic,  but  the  percentage  is 
still  less  than  one  half  and  the  location  of  the 
lesion  is  seldom  definite. 

Inspired  by  the  work  of  Dandy  we  have 
made  an  effort  in  this  clinic  to  follow  his 
technique  in  a  few  cases.  Our  study  has  been 
limited  to  three  cases,   one   child   and  two 


Fig.  2.  Case  I.  After  Injection,  showing 
Tumor  Surrounding   Calcified  Area. 

course  bore  out  the  diagnosis  and  two  years 
ago  an  occipital  deciimpression  was  done 
with  some  temporary  relief. 

He  came  to  us  in  an  apparently  hopeless 
condition.  Radiograms  were  made  in  the 
usual  positions.  The  skull  was  seen  to  be 
unusuall}-  large  and  thin.  Mottling  of  the 
inner  table  and  changes  in  the  base  suggested 
intracranial  pressure.  The  sutures  were  wide 
in  the  ujjper  portion.  Just  above  the  mastoid 
shadow  in  the  mid-portion  of  the  skull  was 
seen  a  calcified  area  of  a  horseshoe  shape 
apparently  in  the  brain. 

With  the  remote  hope  of  locating  an  oper- 
able lesion  the  surgeons  considered  ])neumo- 
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ventriculography.  Through  a  small  trephine 
opening  the  anterior  horn  of  the  right 
ventricle  was  entered.  A  large  amount  of 
fiuid  was  released  and  air  was  allowed  to  en- 


Fk;.  ,v  Case  I.  Proxe,  showing  Tumor  and 
Fluid  Level. 

ter  under  atmospheric  pressure.  Radiograms 
were  taken  in  various  positions.  The  tumor 


poor  condition  of  the  patient  it  was  con- 
sidered inoperable. 

Following  the  operation  the  patient's  con- 
dition grew  worse  and  on  the  second  day 
after  he  died. 

It  is  the  surgical  opinion  that  the  sudden 
release  of  so  much  fluid  and  great  decrease 
of  intracranial  pressure  may  have  hastened 
the  course,  although  the  patient  was  prac- 
ticalh-  in  extremis  at  the  time  of  the 
operation. 

Although  the  examination  failed  to  help 
this  patient  or  postpone  the  inevitable,  it 
demonstrates  several  valuable  points.  It 
shows  that  intracranial  tumors  may  be  made 
visible.  It  leads  us  to  believe  that  in  similar 
cases  the  examination  should  be  made  earlier 
before  the  intracranial  changes  are  so  ad- 
vanced. It  suggests  that  where  much  fluid  or 
great  pressure  is  suspected  a  measure  should 
be  made  as  accurately  as  possible  of  the 
pressure  and  the  amount  of  fluid  withdrawn, 


Fig.  4.   Case  I.   Photogkaiji   ui    Right   Hemisphere  showing  Section   ui    Tumor. 


was  distinctly  seen  surrounding  the  previ- 
ously observed  area  of  calcification  and  ap- 
parently occupying  the  site  of  the  pineal 
body.   From   its   size  and   location   and  the 


and  this  restored  by  an  equal  amount  of  gas 
under  an  ecjual  pressure. 

At  autopsy  the  tumor  was  demonstrated 
identical  with  the  shadow  in  the  plates  and 
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Brain  Tumor  Diagnosed  by  Pneumoventrictilographv 


was  found  to  be  a  teratoma  originating  ap- 
parently in  the  pineal  body,  and  containing 
bone,  hair  and  skin  elements.  The  foramen 
of  Monroe  and  the  aqueduct  of  Sylvius  were 
blocked  bv  the  tumor. 


cranial  picture.  This  case  complained  of 
some  headache  for  a  few  hours,  but  there 
were  no  disturbing  symptoms  in  either  case. 
These  cases  suggest  to  us  that  the  operation 
may  be  done  in  selected  cases  without  harm 


Figs.  5a  and  5b.  Case  II.  Ventricles  Practically  Normal  in  Size.  Lateral  and  Third  Ventricles 

Fairly  Well  Seen.  Possible  Mass  on  Leet. 


The  other  two  cases  were  adults.  In 
neither^case  were  the  findings  conclusive.  In 
one  the  Acntricle  failed  to  be  injected.  In  the 
other  there  were  suggestions  of  an  abnormal 
mass,  but  we  found  ourselves  handicapped 


to  the  patient.  We  should  make  ourselves 
familiar  with  the  normal  picture  by  experi- 
ments on  the  cadaver  before  we  can  speak 
with  certainty  of  small  lesions. 

The     accompanying     prints     need     little 


by  our  unfamiliarity  with  the  normal  intra-     explanation. 


FOREIGN  BODY  IN  THE  BRONCHUS  FOR  FIFTEEN  YEARS 

By  I.  SETH  HIRSCH,  M.D. 


NEW  YORK  CITY 


AS  illustrative  of  the  relative  tolerance 
of  the  bronchi  to  metallic  foreign 
bodies,  so  strikingly  in  contrast  to  the  almost 
immediate  reaction  which  follows  the  entry 
of  vegetable  foreign  bodies,  because  of  the 
tendency  of  the  latter  to  disintegration  and 
migration  (Begin  has  called  this  class  of 
foreign  bodies  "progressors")  the  following 
case  is  reported : 


practically  free  of  symptoms,  with  the  ex- 
ception of  a  very  slight  cough.  There  was  no 
shortness  of  breath,  no  purulent  expectora- 
tion. Six  months  ago  he  coughed  up  a  con- 
siderable quantity  of  bright  red  blood.  After 
this  he  again  felt  the  sensation  of  something 
"moving  up  and  down"  in  his  wind  pipe  for 
two  weeks.  During  this  time  the  coughing 
was  verv  severe  and  he  had  considerable  ex- 


FiGS.   I  AND  2.   Pl.  a.   No.  220543;    Serial  No.   70543,  July,    1920.    Coin    (dime)    in   Left   Bronchus. 
Destruction  and  Atelectasis  of  Left  Upper  Lobe,  Fibrosis  and  Atelectasis  of  Left  Lower  Lobe. 


M.  G.,  aged  forty-five,  entered  Bellevue 
Hospital  because  of  hemoptysis.  The  follow- 
ing history  was  obtained:  Fifteen  years  ago 
he  was  holding  a  dime  in  his  mouth  and 
someone  slapped  him  on  the  back  and  he 
felt  the  coin  go  down.  He  thought  he  swal- 
lowed it.  He  coughed  for  about  ten  minutes 
after  this,  trying  tc  get  the  foreign  body  up 
but  without  avail.  He  was  not  short  of 
breath  and  went  about  his  work  as  usual, 
though  for  six  months  following  the  acci- 
dent he  could  feel  something  "moving  up 
and  down"  in  his  chest.  During  this  time  he 
coughed  but  very  slightly.  From  that  time, 
however,  until  six  months  ago  he  has  been 


pectoration  with  it.  The  symptoms  abated 
and  he  was  practically  well  until  two  weeks 
ago,  when  severe  hemorrhage  brought  him 
to  the  hospital.  From  the  clinical  signs  the 
diagnosis  of  fluid  at  the  base  of  the  left  lung, 
with  fibrosis  of  the  upper  portion  of  the  left 
lung,  a  possible  cavity  and  a  possible  aneu- 
rysmal dilatation  of  the  aorta  was  made. 
Sputum  showed  presence  of  fungus  but  no 
tubercular  bacilli. 

The  radiographic  examination  shows  an 
almost  complete  excavation  and  atelectasis 
of  the  upper  lobe  of  the  left  lung,  with 
fibrosis  and  atelectasis  of  the  lower  lobe.  The 
heart    and    mediastinal    contents    were    re- 
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tracted  to  the  left.  The  trachea,  however, 
was  slightly  deviated  to  the  right.  The  oppo- 
site lung  showed  extensive  compensatory 
emphysema.  Between  the  seventh  and  eighth 
ribs,  posteriorly,  just  to  the  left  of  the  me- 
dian line,  was  the  shadow  of  a  disc-like 
metallic  body  (the  coin),  its  rounded  edges 
somewhat  roughened  (due  to  calcarious  de- 
posit). The  lateral  view  of  the  chest  showed 
the  coin  located  posteriorly  in  the  main 
bronchus  of  the  left  lung,  and  lying  in  a 
plane  parallel  to  the  sagittal  plane  of  the 
chest.  The  esophagus  was  normal. 

That  metallic  foreign  substances  are  tol- 
erated in  the  bronchi  without  severe  symp- 
toms is  well  known  in  the  literature.  Such 
foreign  bodies  as  nails  (Collard),  coins 
(Mitchel,  Baldwin,  Dupuytren),  pins  and 
pieces  of  bone  have  been  found  in  the 
trachea  and  bronchi,  where  they  had  been 
for  years  without  giving  severe  symptoms. 
Burch  and  Lake  cite  thirty-one  cases  in 
which  foreign  bodies  were  present  in  the 
trachea  or  bronchi  in  intervals  of  one  year 
to  sixty,  in  all  of  which  recovery  took  place 
after  expulsion  or  removal.  In  a  case  re- 
ported by  Dupuytren  a  ten  sol  piece  re- 
mained in  the  bronchus  for  ten  years. 

The  pathogenesis  of  the  lung  lesion  is  usu- 
ally the  following:  bronchitis,  broncho- 
pneumonia (peribronchial  infiltration),  mul- 
tiple abscess  formation,  coalescence  of  the 
foci  with  the  formation  of  a  large  cavity. 
With  this  there  is  fibrosis  both  of  lung  and 
pleura.  These  lesions  were  present  in  the  case 
reported. 

The  foreign  bodies  remaining  in  the 
bronchi  and  trachea  for  a  long  time  become 
covered  with  calcareous  concretion.  Several 
such  cases  in  which  foreign  bodies  were  ex- 
pelled   after    a    long   period,    in    calcareous 


form,  have  been  collected  by  Aronssohn.  He 
cites  one  case  in  which  a  cherry  pit  in  the 
right  bronchus  was  expelled  a  year  after  its 
inhalation,  surrounded  by  a  layer  of  phos- 
phate of  lime,  one  inch  in  thickness. 
(Hirsch,  Foreign  Bodies  in  the  Alimentary 
and  Respiratory  Tracts,  Aiii.  J.  Surg.,  Janu- 
ary and  February,  191 3.) 

Hemoptysis  appears  to  be  a  symptom 
present  in  the  vast  majority  of  such  cases. 
Such  recurrent  hemorrhages  may  be  the  only 
symptoms  for  a  long  period.  In  many  cases, 
sometimes  in  spite  of  a  definite  history,  it  is 
usually  ascribed  t(^  tuberculosis. 

It  is  difficult  to  understand  how,  in  these 
days  of  abundant  roentgen  examinations, 
any  foreign  body  in  the  respiratory  tract  can 
He  undiscovered  for  any  length  of  time.  The 
paucity  of  symptoms  in  a  certain  class  of 
cases,  of  which  the  case  reported  is  an  ex- 
ample, may  perhaps  account  for  this.  But 
nevertheless  cases  are  being  continually  en- 
countered in  which,  in  spite  of  a  character- 
istic history  and  distinct  symptoms,  the  for- 
eign body  has  been  permitted  to  remain  in  the 
respiratory  tract  until  irretrievable  damage 
has  been  done  to  the  lung  and  the  removal 
of  the  foreign  body,-  even  by  the  skillful 
bronchoscopist,  is  no  longer  a  simple  matter. 

The  almost  uncanny  dexterity  with  which 
men  like  Chevalier  Jackson  remove  the  of- 
fending bodies  from  the  inner  and  most  sub- 
merged provinces  of  the  lung  makes  one  feel 
that  the  life  of  Pope  x\drian  IV,  who  died  of 
a  fly  in  his  bronchus,  would  have  been  saved 
if  Jackson  had  lived  in  Rome  in  the  days  of 
that  august  personality. 

During  the  removal  of  the  foreign  body 
(a  ten  cent  piece,  partially  encrusted)  in  the 
case  reported,  severe  hemorrhages  occurred, 
from  which  the  patient  died. 
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THE  close  of  the  war  and  the  return  of  . 
our  troops  from  France  find  scat- 
tered throughout  the  country  nian\-  men  who 
have  been  subjected  to  the  action  of  irritant 
gas  at  some  time  during  their  service.  These 
men  will  soon  return  to  their  civil  status,  and 
from  time  to  time  will  appear  at  the  .r-ray 
clinics  for  the  diagnosis  of  lung  conditions. 
It  is  confidently  expected  that  no  man  will  be 
discharged,  and  later  leave  the  care  of  the 
Public  Health  Service,  who  stands  in  need 
of  any  further  medical  treatment  for  the 
condition  that  was  caused  by  his  service ;  but 
these  "gassed  cases"  will  carry  with  them 
for  a  long  time  the  scars  caused  b}-  the  irri- 
tant effect  of  the  gas.  Unless  pathology  of 
this  condition  is  thoroughly  understood,  er- 
roneous diagnoses  may  be  made,  and  undue 
importance  may  be  attached  to  the  various 
thickenings  of  the  bronchi  seen. 

Especially  must  the  clinician  l)e  on  his 
guard  against  the  diagnosis  of  tuberculosis 
in  these  cases.  It  is  not  considered  likely  that 
any  roentgenologist  would  make  this  mis- 
take, as  the  appearance  of  the  plate  is  en- 
tirely different  in  the  two  cases. 

The  gases  that  leave  behind  them  a 
chronic  change  in  the  lungs  are  chlorine, 
chloropicrine.  and  especially  phosgene.  Con- 
trary to  the  usually  accepted  opinion,  mus- 
tard gas  is  practically  without  effect  on  the 
lungs.  In  this  connection,  care  must  be  taken 
with  the  history.  Nearly  always  the  patient 
will  state  that  he  was  gassed  b)-  mustard, 
when  in  point  of  fact  he  had  no  idea  what- 
ever with  what  gas  he  was  affected.  The  sev- 
eral gases  were  used  together  to  a  certain 
extent.  Further  mustard  causes  such  severe 
external  burns  that  its  action  is  most  im- 
pressive. It  is  an  easy  name  to  remember, 
and  in  a  great  majority  of  cases   soldiers 


will  give  the  history  of  gassing  by  mustard 
quite  confidently,  although  they  may  have 
actually  inhaled  phosgene. 

The  Research  Division  of  the  Chemical 
Warfare  Service  has  done  invaluable  work 
on  the  pathology  caused  by  the  different 
gases.  The  descrij^tion  given  below  is  taken 
almost  entirely  from  their  monographs.  It  is 
regretted  that  the  masterly  and  scientific  de- 
scri[Jtions  sht)uld  be  so  garbled  as  has  been 
inevitably  the  case,  in  the  effort  to  present 
die  condition  as  briefly  as  is  consistent  with 
reasonable  clearness. 

The  pathology  in  the  lungs  caused  by 
these  gases  is  similar,  but  presents  certain 
points  of  difference.  Chlorine  damages  es- 
pecially the  upper  respiratory  tract,  the 
trachea  and  die  larger  bronchi.  This  gas  is  a 
powerful  irritant,  and  strikes  that  portion 
of  the  lung  with  which  it  first  comes  in  con- 
tact. There  is  rapid  and  complete  coagula- 
tion of  the  mucous  surface;  later,  after  re- 
cover^■,  the  epithelium  is  restored,  and  the 
trachea  returns  to  normal,  except  for  the 
deposition  of  scar  tissue.  Rarely  the  injury 
mav  extend  to  the  distal  alveoli,  causing  des- 
quamation of  the  alveolar  epithelium  and  fo- 
cal areas  of  necrosis. 

Chloropicrine  injures  the  epithelium  of 
the  trachea  and  larger  bronchi,  as  does  chlor- 
ine, but  to  a  lesser  degree.  With  this  gas,  the 
most  notable  effect  is  seen  on  the  medium 
and  smaller  sized  bronchi.  When  the  bron- 
chiolar  wall  has  been  seriously  damaged,  an 
active  proliferation  of  fibroblasts  occurs,  and 
the  bronchial  cavity  becomes  filled  wifli 
granulation  tissue;  the  final  result  is  an 
obliterative  bronchiolitis,  with  its  consequent 
atelectasis  or  localized  emphysema.  The 
same  result  may  also  occur  as  a  consequence 
of  occlusion  of  the  smaller  bronchi  by  in- 
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flammatory  exudate,  or  by  masses  of  necrotic 
cells.  There  is  regeneration  of  the  epithelium 
of  the  bronchi  and  alveoli,  and  organization 
of  the  necrotic  bronchiolar  wall,  with  scar 
formation.  Focal  atelectasis  and  emphysema- 
tous patches  may  remain. 

Phosgene,  the  most  important  of  all  the 
gases  used,  in  so  far  as  the  effect  on  the 
lungs  is  concerned,  acts  chiefly  on  the  lining 
epithelium  of  the  smaller  bronchi  and  bron- 
chioles. The  upper  respiratory  air  passages 
escape  almost  entirely.  This  gas  as  it  is  in- 
haled has  no  irritant  properties.  When,  how- 
ever, the  gas  reaches  the  moisture-laden 
smaller  air  passages,  it  is  broken  up,  and 
HCl  evolved.  The  lining  epithelium  is  de- 
stroyed; later  the  epithelium  regenerates, 
but  there  is  a  growth  of  granulation  tissue 
in  the  walls  of  the  finer  bronchi  which  causes 
a  thickening  of  its  wall  and  a  periljronchitis. 
In  fact,  the  outstanding  features  of  the  later 
stages  of  this  condition  are  the  thickening  of 
the  walls  of  the  bronchi,  and  the  peri-bron- 
chitis. In  a  certain  number  of  cases  this 
process  goes  further,  and  we  find  that  the 
infiltration  of  the  walls  has  extended  to  the 
point  that  the  bronchus  is  entirely  occluded. 
When  this  occurs,  localized  atelectasis  and 
restricted  areas  of  emphysema  mav  1)e  ex- 
pected to  be  found. 

Summarizing  the  action  of  the  three  most 
important  gases,  we  find,  therefore,  that 
chlorine,  the  most  irritant,  affects  the  lining 
epithelium  of  the  parts  with  which  it  first 
comes  in  contact — the  trachea  and  larger 
bronchi.  Chloropicrin.  which  must  be  broken 
up  into  a  residue  and  HCl,  only  becomes  ef- 
fective after  it  has  reached  a  part  of  the  lung 
where  moisture  can  be  found — the  medium 
sized  and  smaller  bronchi.  Here  it  causes  the 
same  lesions  as  chlorine.  Phosgene  is  a  little 
more  stable  than  chloropicrin,  and  is  only 
broken  up  into  HCl  and  its  residue  in  the 
smaller  bronchioles  and  alveoli.  It  is  here 
that  it  has  its  effect.  It  need  not  be  supposed 
that  these  three  gases  are  strictly  limited  in 
their  action  to  the  parts  of  the  lung  de- 
scribed ;  a  massive  dose  or  prolonged  expo- 
sure of  phosgene  or  chloropicrine  will  affect 
the  larger  bronchi  as  well  as  the  finer  ones. 


The  history  is  usually  indefinite.  As  a  rule 
these  patients  entirely  recover  their  strength 
and  their  ability  to  do  work.  Occasionally, 
in  the  more  severe  cases,  there  may  be  short- 
ness of  breath  on  exertion.  Nearly  always 
they  report  to  the  roentgenologist  for  exam- 
ination because  of  abnormal  auscultatory 
signs  picked  up  by  the  clinician  when  con- 
sulted for  some  intercurrent  disease. 

The  .f-ray  plate  will  show  changes  closely 
resembling  those  found  in  pneumoconiosis. 
Adopting  the  classification  used  by  Pancoast, 
Miller  and  Landis  in  their  article  published 
in  The  American  Journal  of  Roentgen- 
ology, March,  1918,  we  find  that  these  cases 
of  gassing  simulate  the  condition  described 
by  these  authors  as  Group  i,  the  stage  of  ir- 
ritation. As  in  the  lungs  irritated  by  the  in- 
halation of  dust,  we  find  that  the  bronchial 
markings  are  unusually  prominent.  Reaching 
out  from  the  hilus  like  a  bush  in  the  winter 
time  the  thickened  stalks  and  twigs  of  the 
bronchi  extend  to  the  mid-portion  of  the 
lung,  standing  out  clear  and  distinct,  with  no 
splotches  of  exudate  to  mar  or  confuse  the 
picture.  The  bush  is  symmetrical ;  it  is  not 
confined  to  one  lobe,  or  to  the  upper  more 
than  the  lower  portion.  It  reaches  out  from 
the  hilus  evenly,  into  all  lobes,  and  is  pres- 
ent on  both  sides.  As  a  rule,  the  extension  is 
more  into  the  middle  lobe  on  the  right  side, 
and  into  the  lower  portion  of  the  upper  lobe 
on  the  left.  Because  of  the  overlying  heart 
shadow,  the  involvemeilt  on  the  right  is 
more  apparent  than  it  is  on  the  left.  In  some 
instances,  added  to  the  outermost  twigs,  are 
finer  linear  markings  reaching  to  the  peri- 
phery. In  the  more  severe  cases,  there  may 
be  an  area  or  two  of  localized  atelectasis. 

Should  the  gas  be  chlorine,  or  should  the 
exposure  to  chloropicrine  or  phosgene  be  un- 
duly prolonged,  then  the  picture  is  varied  by 
lesions  of  the  trachea  and  largest  bronchi. 
This  condition  is  differentiated  from  the 
early  cases  of  pneumoconiosis  in  two  par- 
ticulars. The  hilus  shadow  may  not  be  en- 
larged ;  its  enlargement  when  present  is 
caused  by  the  chronic  bronchitis  that  some- 
times persists.  In  the  second  place,  there  are 
no  small  areas  of  increased  density  to  give 
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the  characteristic  mottled  appearance  of  dust 
inhalation. 

The  diagnosis  from  pulmonary  tuberculo- 
sis is  ordinarily  not  difficult.  The  distribu- 
tion, the  uniformity,  and  the  absence  of 
areas  of  consolidation,  suffice  to  make  the 
distinction  clear.  In  certain  instances,  how- 


ever, the  presence  of  areas  of  atelectasis  or 
emphysema,  particularly  when  these  occur  in 
the  upper  lobes,  may  confuse  the  diagnosis 
considerably.  Given  the  history  of  gassing,  a 
consideration  of  the  pathology  that  may  en- 
sue will  assist  in  making  the  interpretation 
less  difficult. 


THE  PRACTICAL  APPLICATION  OF  THE  SPHERE 
GAP  TO  ROENTGENOTHERAPY* 

By  H.  J.  ULLMANN,  M.D. 

Roentgenologist  St.  Joseph's  and  Children's  Memorial  Hospitals,  Chicago 

CHICAGO,   ILLINOIS 


T  N  looking  through  the  literature  on  roent- 
'-  genotherapy  one  cannot  help  noticing  the 
great  variation  in  spark  gap  used  by  different 
workers  in  obtaining  essentially  the  same  re- 
sults. It  would  seem,  according  to  later 
writers,  that  such  variations  should  produce 
results  varying  proportionally  to  the  differ- 
ences in  gaps  used  and  that,  with  the  same 
gap,  distance,  milliamperage  and  time,  es- 
sentially equal  effects  should  be  obtained,  if 
Coolidge  tubes  be  used.  It  is  well  known, 
however,  that  this  does  not  occur  in  practice. 
What  is  an  erythema  dose  with  one  machine 
is  not  necessarily  the  same  with  another.  If 
we  use  the  same  voltage,  distance,  intensity 
and  time  we  would  expect  to  get  approxi- 
mately the  same  effects  with  transformers  of 
similar  type,  but  the  difficulties  of  working 
out  dosage  when  changing  from  one  machine 
to  another  or  when  trying  to  duplicate  an- 
other worker's  results  with  a  given  dosage 
are  very  real. 

Why  is  one  not  able,  with  accurate  meters 
and  the  Coolidge  tube,  to  obtain  as  uniform 
results  from  a  given  dosage  as  with  the 
alkaloidal  drugs  given  hypodermatically  ? 
There  one  expects  uniform  results  in  the 
same  type  of  patient  whether  a  record  or  a 
Luer  syringe  is  used  provided  the  same 
quantity  and  quality  of  the  drug  is  used. 

In  measuring  dosage  of  the  roentgen  ray 
we   have   the    same   two    factors,    quantity 

*Read  at  the   Midwinter   Meeting,   Central    Section   ol 
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(represented  by  milliamperage,  time  and  dis- 
tance) and  quality,  depending  upon  voltage 
applied  to  the  tube  terminals.  Wave  shape, 
number  of  cycles,  etc.,  are  not  taken  into 
consideration,  as  there  is  little  evidence  at 
present  showing  their  importance  in  roent- 
genotherapy. There  is  no  question  but  that 
we  get  sufficiently  accurate  quantitative 
measurements,  with  the  milliammeter,  a 
clock  and  a  tape  measure;  but  what  about 
the  qualitative? 

The  usual  method  of  measuring  voltage  is 
in  terms  of  spark-gap  between  blunt  points, 
sometimes  in  kilovolts  as  read  on  a  meter  in 
the  primary  circuit;  and  as  these  seemed 
much  like  using  an  elastic  tape  measure  to 
measure  distance  the  following  investigation 
was  undertaken  to  determine  how  great  the 
inaccuracy  of  the  orthodox  method  of  meas- 
uring voltage  (penetration)  was.  Before  tak- 
ing up  the  results  of  actual  measurements 
made  at  the  tube  the  drawbacks  of  the  needle 
gap  and  voltmeter  on  primary  will  be  brieflly 
taken  up. 

In  measuring  voltage  with  a  needle  gap 
considerable  inconsistency  has  been  found  by 
investigators,  and  this  seems  especially  true 
of  European  workers.  Quoting  J.  Lustgar- 
ten  *:  "Those  that  have  worked  with  the  gap 
specified  (standard  A.  I.  E.  E.  needle  gap) 
know  that  it  is  difficult  to  check  the  Ameri- 
can values  and  even  to  repeat  their  own  re- 
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suits  on  successive  days.  One  reason  for  this 
lies  in  the  effects  on  the  brush  discharge  of 
humidity,  pressure  and  temperature,  position 
of  the  needles  with  respect  to  the  supports 
and  neighboring  objects  and  the  local  condi- 
tions in  the  circuit.  The  brush  discharge  in 
the  case  of  needle  points  always  precedes  the 
spark  (except  at  very  small  distances).  A 
screening  by  metallic  discs  at  the  back  of  the 
needles  will  not  prevent  humidity,  pressure 
and    temperature    destroving   the    standard 

gap." 

To  realize  this  inconsistency  one  has  only 
to  turn  to  the  tables  derived  by  different  in- 
vestigators showing  the  relation  between  dis- 
tance of  separation  and  the  breakdown  volt- 
age. For  example : 

U.  S.  Army  X-Ray  IManual: 

40  KV  Gap  3  inches 

50  KV  Gap  4  inches 

etc.,  the  ration  being  10  KV  per  inch  plus  10. 
Peek,  Dielectric  Phenomena  in  High  Volt- 
age Engineering,  first  edition: 

40  KV         Gap  2  13/32  inches 
50  KV         Gap  3  3/17  inches 
etc. 

Raper,  Dental  Radiography,  first  edition: 

10  KV"  per  inch. 
Knox,  third  edition,  p.   19.  Type  of  gap 
not  stated: 

no  KV  4  inches 

150  KV  8  inches 

190  KV  12  inches 

230  KV  16  inches. 

This  table  obviously  refers  to  a  sphere  gap 
and  shows  the  difficulty  one  would  have  in 
attempting  to  correlate  his  work  with  the 
English  standards. 

The  needle  gap  is  also  cumbersome  if  one 
attempts  to  use  it  accurately.  Section  245 
A.  I.  E.  E.  Standardization  Rules  specifies 
the  following: 

"The  sparking  points  should  consist  of 
new  sewing  needles  supported  axially  at  the 
ends  of  linear  conductors  which  are  at  least 
twice  the  length  of  the  gap.  There  should  be 
no  extraneous  body  near  the  gap  within  a 
radius  of  twice  its  length." 

How  many  roentgen  plants  are  equipped 


with  a  gap  built  according  to  the  above? 
The  average  gap  as  commonly  used  brings  in 
many  sources  of  error  not  found  in  the 
standard.  Peek  -  makes  the  following  state- 
ment: 

"The  needle  gap  is  unreliable  at  high  volt- 
ages because,  due  to  the  brush  discharge  and 
broken-down  air  that  precedes  the  spark- 
over,  variations  are  caused  by  humidity, 
oscillations,  and  frequency. 

"The  needle  gap  is  also  inconvenient  be- 
cause needles  must  be  replaced  after  each 
discharge;  the  spacing  becomes  very  large 
at  high  voltages,  and  the  calibration  varies 
somewhat  with  the  sharpness  of  the  needle." 

"A  higher  voltage  is  required  to  spark 
over  a  given  needle  gap  when  the  humidity 
is  high  than  when  it  is  low. 

"All  spark  gap  curves  of  whatever  form  of 
gap  must  be  corrected  for  air  density — that 
is,  altitude  and  temperature.  For  low  volt- 
tages  the  spark-over  of  the  needle  gap  de- 
creases approximately  as  the  air  density.  At 
higher  voltages  the  effect  becomes  more 
erratic,  probably  due  to  humidity." 

In  using  a  KV  meter  on  the  primary  even 
greater  sources  of  error  may  be  encountered. 
To  quote  Chubb  and  Fortescue  ^ : 

"The  most  usual  method  of  measuring  the 
high  tension  voltage  is  to  measure  the  pri- 
mary potential  and  multiply  by  the  ratio  of 
the  transformer.  Voltages  obtained  by  this 
method  are  generally  very  much  in  error  due 
to  the  distributed  capacity  in  the  high  tension 
winding  of  the  transformer,  harmonic  dis- 
tortion of  the  applied  voltage  wave  and  the 
capacity  of  the  terminal  bushings  and  the 
apparatus  to  which  the  high  voltage  winding 
is  connected.  The  effective  low  tension  volt- 
age is  usually  indicated  so  that  there  is  no 
measure  of  the  maximum  unless  a  pure  sine 
wave  of  voltage  is  applied,  there  are  no  ap- 
preciable distortions  due  to  the  harmonic 
components  of  the  exciting  currents  and  the 
capacity  regulation  can  be  corrected." 

If  the  usual  methods  of  measuring  voltage 
(penetration)  are  so  faulty,  what  is  the  rem- 
edy ?  Engineers  have  been  using  a  sphere  gap 
for  a  number  of  years  to  measure  high  volt- 
ages and  it  is  well  known  to  be  the  most 
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accurate  practical  method.  It  is  more  con- 
sistent, the  breakdown  voltage  being  affected 
only  to  a  negligible  degree  by  widely  varying 
conditions  of  atmospheric  pressure,  humid- 
ity, proximity  of  neighboring  bodies,  etc. ; 
more  convenient  because  the  terminals  do 
not  have  to  be  renewed  and  it  requires  less 
space.*  Under  certain  conditions  the  break- 
down of  the  air  gap  between  equal  spheres 
is  very  constant  and  the  sphere  gap  that  has 
already  been  suggested  as  a  standard  for 
high  voltage  measurements  has  been  found 
to  be  more  reliable  than  the  usual  methods  of 
test.^  The  results  of  many  tests  show  the 
breakdown  voltage  to  be  independent  of 
wave  shape  and  frequency  when  expressed 
in  terms  of  the  maximum  value  of  the  volt- 
age wave.^  Farnsworth  ^  quotes  Weicher's 
Mitteilungen  iiher  Forsclmngsarbeiten  auf 
dem  Gchiete  der  Ingenteurmessen,  Berlin, 
1911: 

"For  sphere  gap  used  over  a  separation 
not  greater  than  the  diameter  of  the  spheres 
the  influence  of  the  factors  of  humidity,  tem- 
perature, pressure,  frequency  and  electrical 
capacity  on  the  sparking  voltage  is  as 
follows : 

"Humidity — No  effect. 

"Temperature — Sparking  voltage  is  in- 
versely proportional  to  the  absolute  tempera- 
ture. 

"Pressure — Sparking  voltage  is  directly 
proportional  to  the  barometric  pressure. 

"Frequency — Within  commercial  range — 
20  to  75  cycles^ — frequency  has  no  effect  on 
the  sparking  voltage. 

"Electrical  capacity — No  influence." 

If  the  sphere  gap  is  so  accurate  it  should 
prove  any  variation  of  voltage  measurements 
made  in  estimating  .ir-ray  dosage.  In  order 
to  test  this  the  following  procedure  was  car- 
ried out  in  a  number  of  hospitals  and  private 
laboratories  at  Chicago. 

The  roentgenologist  was  requested  to  set 
his  machine  for  a  definite  voltage  and  milli- 
amperage  such  as  he  used  in  therapy  and 
then  the  voltage  was  measured  at  the  tube 
terminals  with  a  sphere  gap.  Only  Coolidge 
tubes  were  tested.  The  findings  are  as  fol- 
lows: 


MACHINE   A 


Meter 

reading 

KV 


Milli- 
amperes 


Rheo 
Button 


Auto 
Button 


Gap  in 
inches 


S.G. 
KV 


30 25 

35  •••••  25 

40  25 

45  25 

50 25 

55  25 

60  25 

65  25 

70 25 

75  25 

80 25 

76  5 

85  5 

85  5 


31 

•  35 
.  40 

•  45 

•  50 
55 

■  59 

■  64 
.  69 

74 
.  79 
.113 
,102 


2% 

M 

7H 
8 

87/^ 

5/2 


34-5 

39 

49 

56 

62 

71 

77 

81 

88 

93 

98 

60 

77 

89 


MACHINE   B 


'Meter 
reading 
KV 


Milli- 
amperes 


Rheo 
Biitton 


Auto 
Button 


Gap  in 
inches 


S.G. 

KV 


35  ••• 

..  25 

46  ... 

..  25 

57^/4.. 

..  25 

47  ... 

..  5 

58  ... 

..  5 

6214.. 

••  5 

63  ... 

. .  2 

70  ... 

..  5 

72,   ■■■ 

..  5 

76  ... 

••  5 

78  ... 

..  5 

17 

9 

7 
7 
5 

10 
12 


3 

45^ 

5Y2 

5 

6 

6 

6 

6 

6 

7/2 

8 


46 
56 
70 
58 
70 
65 
62 
62 
65 
73 
80 


MACHINE   C 
No  auto  transformer 


Gap  in  inches 


Millianiperes 
High  Button 


S.  G.  KV 


4^. 
5     • 

5  . 

6  . 

7  . 


27  .... 

27  .... 

5  .... 

.....  5  .... 

5  •••. 

5   .... 

Low  Button 

5  ..-. 

5  ...• 

5  .... 

5  •••• 


52 
60 

51 
60 
68 

74 

60 
70 
80 
90 


MACHINE  D 

No  a^ito 


Gap  in  inches 


Millianiperes 


S.  G.  KV 


54 
55 
70 
73 
75 
82 
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MACHINE  E 
No  auto 


Gap  in  inches 


Milliamperes 


S.  G.  KV 


7J^  to8 5 


75 


MACHINE  F 
Auto  transformer 

Gap  in  inches  Milliamperes  S.  G.  KV 

6     2  65 

6 6 65 

8^ 5  82 

It  is  easily  seen  from  an  examination  of 
the  above  that  there  is  considerable  variation 
of  voltage  where  one  would  expect  uniform- 
ity from  the  results  of  his  spark  gap  read- 
ings. 

In  order  to  get  these  findings  in  terms  of 
dosage  the  following  table  was  made.  Col- 
umn C  is  the  gap  between  points  in  inches  as 
measured  by  the  operator.  KV  is  the  actual 
voltage  at  the  tube  as  measured  by  the  sphere 
gap.  U^  is  an  arbitrary  unit  based  on  the 
MacKee  formula — 
distance^ 

gap  X  time  X  milliamperes  ^"'  '  "^ 
one  uqit,  and  represents  what  the  operator 
thought  he  was  using.  U^  is  derived  in  the 
same  way,  using  70  KV  instead  of  a  6  inch 
gap,  and  represents  what  he  actually  got. 
70  KV  was  taken  because  it  more  nearly  rep- 
resents the  actual  voltage  at  the  tube  when 
the  point  gap  registers  6  inches. 

Per  cent  plus  or  minus  represents  the  dif- 
ference between  what  the  operator  thought 
he  was  using  and  what  was  actually  used. 


Per 

C 

KV 

t/i 

m 

cent 

Machine  A 

sYa  ■ 

. .  71   •• 

.     .96  .. 

.     I.OI     . 

■  +4 

Machine  B, 

setting  I 

6      . 

..  65  .. 

.    I.OO    . 

•     -93  . 

•  •  —7 

Machine  B, 

setting  2 

6      . 

..  70  .. 

.    I.OO    . 

.    I.OO    . 

. .    100 

Machine  C 

6       . 

..  60  .. 

.    I.OO    . 

.     .85  . 

..—15 

Machine  D 

6       . 

..  55  •• 

.    I.OO    . 

.     .80  . 

. .  ^20 

Machine  F 

6 

. .  65  . . 

.    I.OO    . 

•     -93   • 

..—  7 

the  habit  of  using  for  an  erythema  dose  he 
would  actually  give  30%  more.  Conversely 
if  operator  of  A  transferred  to  D  and  gave 
what  he  supposed  would  be  an  erythema  dose 
he  would  actually  be  using  only  yy%  of  the 
amount. 


From  the  above  table  it  is  readily  seen  that 
if  an  operator  using  machine  D  should 
change  to  A  and  give  what  he  had  been  in 


KV 


Fi 


F2 


Per 
cent 


Machine  A 

8       . 

..  93   •. 

.    I.OO   .. 

.  1.03  . 

.  +3 

Machine  B 

8 

..  80  .. 

.    I.OO    .  . 

.  .89 . 

.  —II 

Machine  C, 

setting  I 

8 

..  80  . 

.    I.OO    .  . 

.  .89 . 

.. — no 

Machine  C, 

setting  2 

8 

..   74  • 

.    I.OO    .  . 

.   .82  . 

..—18 

Machine  D, 

setting  I 

8 

..  73  • 

.    I.OO    . 

.   .81  . 

. .  —19 

Machine  D, 

setting  2 

8 

...  70   . 

.    I.OO    . 

.  .78 . 

.  .  —22 

Machine  E 

8 

..  75   • 

.    I.OO    .. 

•  .83 . 

..—17 

In  this  table  90  KV  was  taken  as  repre- 
senting 8  inches  of  back-up  and  an  8  inch 
gap  the  unit  for  deep  therapy. 

From  the  above  it  can  be  seen  that  if  what 
would  be  an  erythema  dose  on  machine  D, 
setting  2,  was  given  with  machine  A,  the 
patient  would  receive  1.32  times  the  dose, 
while  if  the  readings  used  on  A  in  produ- 
cing an  erythema  were  used  on  D  only  76 
per  cent  of  the  dose  would  be  received. 

If  dosage  were  based  on  kilovolts  instead 
of  spark-gap  and  machines  were  calibrated 
so  that  one  knew  that  certain  settings  would 
produce  a  definite  voltage  one  should  be  able 
to  change  from  one  machine  to  another  and 
expect  to  get  the  same  results  without  pre- 
viously testing  out  the  effects  on  a  patient. 
Also,  a  roentgenologist  could  publish  the  re- 
sults obtained  from  a  certain  dosage  with  the 
knowledge  that  those  who  attempted  to  dup- 
licate his  results  would  at  least  use  the  same 
quantity  and  quality  of  rays. 

There  is  nothing  difficult  in  using  a  sphere 
gap.  In  fact  it  is  easier  as  there  is  no  corona 
and  no  preliminary  sparking.  It  either  fires 
or  it  does  not,  and  the  difference  of  a  small 
fraction  of  a  millimeter  determines  the 
sparking  point.  It  is  easily  calibrated  to  read 
directly  in  kilovolts,  and  the  machine  once 
calibrated  for  the  settings  in  common  use,  it 
will  only  be  necessary  to  recalibrate  at  long 
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intervals  or  when  tubes  are  changed  or  dif- 
ferent control  buttons  used. 

CONCLUSIONS 

The  present  method  of  estimating  quality 
or  penetration  by  parallel  spark-gap  between 
blunt  points  is  exceedingly  and  unnecessarily 
inaccurate  and  is  equivalent  to  measuring 
tube  distance  with  a  rubber  band  for  a  tape 
measure. 

The  use  of  the  sphere  gap  in  estimating 
voltage  between  tube  terminals  is  accurate 
enough  for  all  practical  purposes  and  is  ac- 
tually easier  to  use  than  blunt  points  due  to 
absence  of  brush  discharge. 


If  the  number  of  kilovolts  used  were 
stated  instead  of  the  amount  of  spark-gap 
back-up  in  reporting  dosage  the  results  could 
be  duplicated  by  other  workers  as  easily  as 
in  giving  drugs  hypodermatically  and  would 
be  an  advance  in  dosage  standardization. 

I  wish  to  thank  Dr.  W.  D.  Coolidge  for 
his  advice  and  assistance  in  this  work. 
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TT  is  rather  difficult  to  determine  the  value 
"*-  of  treatments  intended  to  prevent  the 
recurrence  of  ailments  presumably  cured. 
Nevertheless  there  are  certain  indications 
that  justify  our  drawing  definite  conclusions 
as  to  the  results  accomplished  by  the  aid  of 
these  treatments. 

If  we  know  through  long  experience  that 
in  a  series  of  similar  cases  we  may  expect  a 
certain  number  of  recurrences,  and  then  find 
that  as  the  result  of  treatments  carried  out 
this  number  has  been  diminished,  we  are 
justified  in  presuming  that  our  treatments 
have  been  of  some  value. 

Conclusions  reached  upon  these  premises 
are  always  open  to  the  objection  that  perhaps 
the  series  of  cases,  while  apparently  similar, 
have  in  reality  not  been  quite  the  same. 
Every  surgeon  has  his  own  statistics  as  to  his 
percentage  of  recurrences  in  malignant  cases 
operated  by  him,  and  they  vary  in  a  large 
degree.  Another,  and  in  my  opinion,  more 
convincing  method  of  reaching  conclusions 
as  to  the  value  of  prophylactic  treatments,  is 
to  take  selected  individual  cases  of  a  charac- 
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ter  which  in  the  opinion  of  the  operating  sur- 
geon would  unquestionably  result  in  the  re- 
currence of  the  lesion  operated  for.  If  in 
these  cases  we  succeed  through  our  treat- 
ments in  preventing  this  expected  recurrence, 
we  are  in  a  much  better  position  to  show 
concrete  proof  of  the  value  of  the  treatments 
carried  out. 

The  object  of  this  paper  is  to  describe  a 
number  of  cases  which  without  some  inter- 
ference would  have  unquestionably  resulted 
in  a  recurrence,  and  to  show  that  by  a  series 
of  prophylactic  .r-ray  treatments  this  ex- 
pected recurrence  has  never  materialized. 

Case  I.  Mrs.  F.  S.,  sixty-two  years  old. 
referred  to  me  by  Dr.  H.  Herman  in 
October,  191 1.  with  a  diagnosis  of  papilloma 
of  the  tongue. 

Patient  had  a  small  growth,  about  the  size 
of  a  lima  bean,  on  the  edge  of  the  right  side, 
at  about  the  junction  of  the  second  and  last 
third  of  the  tongue.  There  was  something 
suspicious  about  the  appearance  of  the  lesion, 
and  I  reported  to  Dr.  Herman  that  in  my 
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opinion  we  were  dealing  with  an  epithelioma 
and  not  a  papilloma.  We  decided  to  remove 
a  small  section  for  microscopical  examina- 
tion, this  to  be  followed  by  immediate 
fulguration. 

The  examination  was  made  by  Dr.  Har- 
low Brooks  and  the  lesion  was  found  to  be 
an  epithelioma.  The  fulguration  (not  dessi- 
cation)  was  followed  by  periodical  prophy- 
lactic A'-ray  treatments,  with  the  result  that 
up  to  date  (nine  years  later)  there  is  not  the 
slightest  sign  of  recurrence  and  the  patient  is 
apparently  perfectly  well. 

The  patient  was  treated  with  a  unipolar 
^--ray  tube  which  I  devised  in  1904.^  This 
tube  enables  us  to  apply  the  x-x^y  in  imme- 
diate contact  with  the  part  to  be  treated. 
While  the  output  of  this  tube  is  rather  small, 
the  fact  that  it  can  be  put  in  direct  contact 
with  the  tissues  makes  it  possible  to  admin- 
ister considerable  .t'-ray  at  each  treatment. 

Case  II.  Miss  A.  B.,  forty-seven  years  old, 
referred  to  me  by  Dr.  D.  D.  Goldstein  in 
November,  191 3.  Mother  died  of  cancer  of 
breast  in  1908.  Patient  first  called  on  Dr. 
Goldstein  in  November,  191 3.  He  found  that 
she  had  a  fair-sized  tumor  in  the  right 
breast,  with  axillary  involvement.  He  ad- 
vised immediate  operation,  but  patient  waited 
about  two  weeks,  at  the  end  of  which  time 
there  was  a  very  marked  increase  in  the  size 
of  the  tumor. 

On  operation  there  was  found  to  be  a  large 
tumor  of  a  very  diffuse  type,  with  marked 
involvement  of  the  axillary  glands.  The 
sheets  of  all  the  blood  vessels  were  involved 
and  they  all  had  to  be  stripped.  The  micro- 
scopical examination  showed  the  tumor  to  be 
a  medullary  carcinoma  of  a  very  malignant 
type. 

The  patient  followed  up  her  jr-ray  treat- 
ments in  a  very  reluctant  way.  She  felt  that 
she  was  wasting  her  time  and  money,  so  I 
had  to  be  satisfied  with  treating  the  operated 
side  where  recurrence  seemed  most  immin- 
ent. I  succeeded  in  holding  her  for  about  one 
year,  after  which  time  she  disappeared.  I 
next  saw  her  in  July,  191 9  (about  six  years 

1  Medical  Record,  Sept.  24,  1904. 


after  her  treatment).  The  right  side,  where 
she  had  the  prophylactic  treatments,  has  re- 
mained entirely  free ;  but  the  left  side  became 
involved  and  was  operated  on  by  Dr.  D.  A. 
Moschkowitz,  who  found  a  very  malignant 
diffuse  type  of  carcinoma  with  marked  axil- 
lary involvement.  I  began  to  treat  this  side 
and  up  to  date  she  has  remained  free  of  any 
recurrence. 

I  consider  this  a  most  instructive  case. 
The  original  side  (right)  which  was  almost 
entirely  involved  in  a  very  malignant  type  of 
extremely  diffuse  carcinoma,  has  remained 
free  up  to  date  (six  years)  following  the 
prophylactic  .r-ray  treatment,  while  the  oppo- 
site side,  which  did  not  receive  any  treat- 
ments, was  the  site  of  recurrence. 

Case  III.  Mr.  L.  M.  E.,  sixty  years  old, 
referred  to  me  by  Dr.  Edwin  Beer  in  Janu- 
ary, 191 6,  for  prophylactic  .r-ray  treatments 
following  a  nephrectomy  for  hypernephroma 
of  the  left  kidney.  I  will  give  Dr.  Beer's 
description  of  this  case,  as  published  by  him 
in  the  International  Journal  of  Surgery,  De- 
cember, 1 91 9: 

"Mr.  E.,  aged  sixty  odd  years,  was  oper- 
ated by  the  lumbar  route  for  an  acute  hema- 
turia from  the  left  kidney.  The  diagnosis  of 
hypernephroma  of  the  left  kidney  had  been 
made  and  the  tumor  mass  could  be  felt  in 
the  left  lumbar  region.  If  ever  a  patient 
looked  absolutely  hopeless  to  the  surgeon  this 
patient  surely  did.  The  pelvis  of  the  left  kid- 
ney was  filled  with  the  tumor  mass,  which 
extended  through  the  parenchyma  and  then 
had  grown  through  the  capsule  of  the  kidney 
into  the  perinephritic  fat,  where  a  tumor  as 
large  as  a  good-sized  fist  was  growing.  The 
kidney  was  removed  through  the  lumbar 
route,  but  naturally,  with  the  tumor  extend- 
ing from  the  cortex,  it  seemed  at  the  time 
that  it  would  be  impossible  to  deliver  the 
kidney  and  tumor  without  spilling  the  tumor 
cells."  (As  a  matter  of  fact,  in  a  letter  writ- 
ten to  me  by  Dr.  Beer  on  July  6.  1920.  he 
states  that  he  thought  he  must  have  spilled 
some  of  the  viable  tumor  tissue.)  "After  re- 
moval of  the  kidney,  all  perinephritic  fat 
was  carefully  excised,  and  the  patient  was 
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subjected  to  intensive  jr-ray  therapy.  To- 
night (four  years  after  operation)  the  pa- 
tient presents  himself  in  perfect  health  ap- 
parently. Last  spring  I  made  a  complete 
examination  and  found  no  evidence  of  any 
disease." 

Unfortunately  I  heard  recently  that  this 
patient  had  passed  away,  suffering  from  a 
brain  lesion,  perhaps  due  to  some  metastasis 
in  the  brain.  This  I  could  not  make  sure  of. 

Case  IV.  Mr.  L.,  forty-five  years  of  age, 
referred  to  me  by  Dr.  A.  Hyman,  in  August, 
1916,  for  prophylactic  treatment,  following 
an  operation  for  carcinoma  of  the  testicle. 
I  will  quote  from  Dr.  Hyman's  letter  to  me 
(June  7,  1920)  in  reference  to  the  case: 

"Mr.  L.  was  operated  on  July  19,  1916. 
In  incising  through  the  skin  of  the  scrotum, 
a  large  amount  of  pus  with  necrotic  material 
was  evacuated;  all  the  scrotal  layers  were 
edematous.  A  large  tumor  of  the  testicle  was 
found,  which  had  broken  through  the  tunica 
and  had  infiltrated  the  scrotum.  The  tumor 
was  necrotic  in  areas  and  the  size  of  a  fist. 
A  typical  orchidectomy  was  done,  removing 
the  cord  up  to  the  external  ring.  Pathological 
report;  Carcinoma.  In  view  of  the  fact  that 
the  growth  had  ruptured  through  the  tunica 
and  had  become  attached  to  and  had  infil- 
trated the  scrotal  tissues,  I  considered  the 
prognosis  very  bad,  and  advised  either  .r-ray 
or  radium  treatment.  It  is  now  almost  four 
years  since  his  operation  and  .r-ray  therapy ; 
the  patient,  when  last  examined  three  months 
ago,  was  in  excellent  condition,  with  no  evi- 
dences of  local  recurrence  or  metastases.  A 
statement  from  his  family  physician,  re- 
ceived a  few  days  ago,  confirms  this  report." 

This  patient,  when  first  seen  by  me,  had  a 
great  deal  of  induration  in  the  operated  re- 
gion— so  much  so  that  I  even  feared  at  the 
time  that  a  local  recurrence  was  imminent. 
He  also  had  considerable  induration  in  the 
inguinal  region,  and  Dr.  Hyman  felt  quite 
confident  that  unless  some  method  was 
found  to  prevent  it  a  local  recurrence  was 
unavoidable. 

Case  V.  Mrs.  L.,  fifty-three  years  old,  op- 


erated on  April  14,  191 6,  by  Dr.  Cragin  for 
double  cystic  ovaries.  On  section,  both  cysts 
showed  a  cystic  and  a  firmer  solid  new 
growth,  with  part  of  the  capsule  invaded  by 
tumor  tissue.  At  the  time  of  the  operation, 
one  of  the  cysts  ruptured  and  the  contents 
spilled  into  the  peritoneum.  On  microscopical 
examination,  the  solid  portion  showed  nests 
of  large  cells  and  a  well-marked  alveolar  ar- 
rangement. A  diagnosis  of  adeno-carcinoma 
was  made.  This  condition  was  unsuspected 
before  and  even  during  the  operation,  so  the 
operation  was  not  as  thorough  and  radical 
as  it  would  have  been  had  the  condition  been 
recognized.  As  part  of  the  capsule  was  in- 
volved and  the  contents  of  the  cyst  spilled 
into  the  peritoneum,  recurrence  was  much  to 
be  feared. 

Prophylactic  .r-ray  treatments  were  car- 
ried out  for  about  a  year  and  a  half,  and 
there  has  been  no  sign  of  recurrence  up  to 
date  (four  and  a  half  years  after  operation). 

About  two  months  ago  this  patient  was 
operated  upon  for  a  gangrenous  appendix. 
At  this  time  the  surgeon  carefully  explored 
the  pelvic  organs  and  found  the  uterus  freely 
movable,  without  the  slightest  sign  of  re- 
currence. She  made  an  uneventful  recovery. 

I  have  treated  a  number  of  other  cases  that 
I  think  would  also  clearly  demonstrate  the 
value  of  prophylactic  .r-ray  treatments,  but 
my  time  does  not  permit  me  to  go  into  detail 
about  these,  as  I  would  like  to  say  a  few 
words  in  regard  to  the  technique  and  dosage 
that  I  have  been  using. 

Prophylactic  .r-ray  treatments,  to  be  of 
value,  must  be  efficient  and  must  be  persisted 
in  for  a  considerable  period.  If  possible,  they 
should  be  kept  up  for  about  three  years  after 
the  operation.  This  is  very  difficult.  Most  of 
the  patients  will  be  tired  of  the  treatments 
long  before  this  period  expires,  and  it  can 
only  be  carried  out  if  you  have  an  intelligent 
patient  to  deal  with  and  if  there  is  a  proper 
cooperation  with  the  operating  surgeon  and 
the  family  physician. 

I  try  to  give  the  treatments  in  the  follow- 
ing routine  where  I  can:  First  treatment,  as 
shortly  after  operation  as  possible ;  the  next 
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two  treatments,  at  about  three  weeks'  inter- 
vals; the  next  two  at  four  weeks'  intervals. 
This  is  followed  by  treatment  at  six  weeks' 
intervals  for  the  balance  of  the  first  year. 
The  second  year  treatments  are  given  at  two 
months'  intervals,  and  the  third  year,  at 
three  months'  intervals. 

Of  course,  the  treatments  given  the  first 
year  are  the  most  important,  and  in  the  ma- 
jority of  cases  you  will  find  considerable 
difficulty  in  holding  your  patients  longer  than 
this ;  but  whenever  possible,  try  to  get  them 
to  persist  the  full  time. 

In  treating  them,  be  sure  to  take  in  as 
large  an  area  as  possible,  with  special  atten- 
tion to  the  glandular  region  surrounding  the 
involved  area,  also  the  parts  where  experi- 
ence has  taught  us  to  expect  most  probably 
a  metastasis.  For  instance,  in  carcinoma  of 
the  breast  the  opposite  side  should  get  some 
treatments — not  necessarily  as  many  as  the 
involved  side ;  and,  in  addition,  I  think  it  is 
advisable  to  treat  the  lumbar  spine,  where 
many  of  the  metastases  will  appear. 

I  think  the  time  will  come  when  these  pa- 
tients will  be  given  a  complete  .^--ray  bath — 
in  fact,  I  believe  it  is  quite  feasible  now. 
Instead  of  using  small  fields,  we  can  have 
our  tube  at  a  distance  of  about  i6  or  even 
20  inches,  take  in  large  areas  at  a  time,  and 
expose  the  entire  body  from  all  directions. 
I  have  not  tried  this  as  yet,  but  I  am  seriously 
thinking  of  doing  so. 

The  cases  reported  above  were  all  treated 
with  the  small  field  cross-fire  method. 

Dosage. — Try  never  to  produce  an  ery- 
thema in  these  cases.  It  unnecessarily  fright- 
ens the  patients,  discourages  them  from  per- 
sisting with  the  treatment,  and  leads  to  telan- 
giectases and  other  unpleasant  skin  condi- 
tions. I  never  use  more  than  three- fourths  of 
my  maximum  dose  at  any  exposure.  I  find 
it  more  satisfactory  to  speak  of  maximum 
dose,  and  fractions  thereof,  than  of  a  definite 


number  of  X.  Your  maximum  dose  never 
varies,  while  the  measurements  in  figures  of 
X  generally  do. 

In  standardizing  my  apparatus  I  find  that 
the  following  figures  represent  my  epilating 
dose — that  is,  a  dose  which  will  produce  epi- 
lation without  an  erythema.  I  have  taken  this 
as  a  standard  maximum  dose,  above  which 
I  never  go. 

Apparatus. — Forty  centimeter  air-cooled 
coil,  with  gas  and  mercury  jet  interruptor. 


Coolidge  tube. 


Distance     Spark-gap     Ma.     Time 


Filter 


8  Inches       9  inches 


10  4  mm.  aluminum 
and  several  lay- 
ers of  photo- 
graphic paper. 


In  giving  these  treatments,  I  use  the  above 
formula,  except  that  the  time  is  seven  and  a 
half  minutes  instead  of  ten.  The  tendency 
has  been  recently  to  abandon  the  aluminum 
filters  for  those  made  of  copper  and  zinc. 
These  metals  have  the  advantage  of  increas- 
ing the  -f-ra}'  penetration,  but  have  the  dis- 
advantage of  reciuiring  much  longer  expos- 
ures. Where  you  have  a  large  area  to  cover, 
this  time  element  becomes  of  great  import- 
ance, especially  in  patients  who  do  not  stand 
the  treatments  well  and  who  are  subject  to 
various  kinds  of  constitutional  disturbances. 
Still,  I  think  that  probably  we  shall  have  to 
make  the  best  of  this  disadvantage.  If  there 
is  any  additional  therapeutic  value  in  higher 
penetrating  rays,  these  patients  ought  to  get 
the  benefit  of  it. 

In  closing,  I  wish  to  say  that  I  firmly  be- 
lieve sufficient  evidence  has  been  gathered 
by  this  time  to  justify  our  belief  in  the  value 
of  prophylactic  .r-ray  treatments.  Every 
operation  for  malignancy  should  be  fol- 
lowed up  with  these  treatments,  and  these 
patients  given  the  additional  chance  to  escape 
recurrence. 
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WASHINGTON    MEETING 

PRELIMINARY     ANNOUNCEMENTS 

Plans  for  the  program  of  the  Annual 
Meeting  of  the  Society  next  fall  are  now  well 
under  way.  Dr.  Rene  Ledoux-Lebard  will 
give  the  Caldwell  Lecture  on  the  subject  of 
"Deep  Roentgen  Therapy."  It  is  planned  to 
give  a  much  larger  place  on  the  program  to 
papers  than  has  hitherto  been  done.  The  plan 
is  to  hold  the  meeting  for  four  days,  giving 
the  entire  first  day  to  papers  on  therapy  and 
to  have  the  papers  on  physics  during  the 
forenoon  of  the  second  day.  This  will  enable 
those  who  are  interested  only  in  therapy  to 
leave  about  the  middle  of  the  second  day, 
while  those  interested  only  in  roentgen  diag- 
nosis would  not  feel  it  necessary  to  attend 
until  the  beginning  of  the  second  day.  Those 
interested  in  both  diagnosis  and  therapy 
would  probably  wish  to  be  present  the  entire 
four  days. 

It  is  believed  that  this  plan  will  make  the 
meeting  of  interest  to  a  much  larger  number 
of  men.  It  is  requested  that  those  who  have 
papers  to  present  at  the  meeting  communi- 
cate with  the  President  of  the  Society  at  as 
early  a  date  as  possible. 

A.  C.  Christie. 


The  Twenty-second  Annual  Meeting  of 
The  American  Roentgen  Ray  Society 
will  be  held  in  Washington,  September  27, 


28,  29  and  30,  1 92 1.  Headquarters,  meetings 
and  exhibits  will  be  at  the  Hotel  Washington, 
Pennsylvania  Avenue,  opposite  the  Treasury. 

Hotel  accommodations  for  members  and 
guests  may  be  arranged  at  the  Washington 
Hotel  and  The  New  Ebbitt.  In  making  res- 
ervations state  that  you  are  attending  the 
meeting  of  The  American  Roentgen  Ray 
Society.  Mr.  A.  Gumpert,  Manager  of  the 
New  Ebbitt,  has  agreed  to  see  that  all  those 
attending  the  Convention  are  taken  care  of. 
Therefore  anybody  not  getting  what  he 
wants  should  communicate  direct  with  him. 

The  hotel  rates  are  as  follows : 

Hotel  Washington,  every  room  having 
private  bath  with  shower,  tub  and  running 
ice  water  (European  plan  only)  : 


Single  rooms 

Double  rooms  (double  bed) 

Double  rooms  (twin  beds) 


Per  day 
$5.00  to  $7.00 
8.00 
10.00  to  12.00 


The  New  Ebbitt  (European  plan  only) : 

Per  day 
Single  room  without  bath  $2.50 

Single  room  with  bath  4.00 

Double  room  without  bath,  each  person  $2.50 
Double  room  with  bath,  each  person,        3.50 

Also  a  number  of  large  suites,  both  with 
and  without  bath,  which  will  comfortably 
accommodate  upwards  of  four  persons.  On 
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these  suites  they  would  make  a  rate  of  $3.00 
per  day  each  person,  with  bath,  or  $2.00  per 
day  each  person  without  bath. 

For  information  regarding  the  program, 
those  wishing  to  read  papers  or  to  show 
slides  at  the  meeting  should  communicate 
direct  with  the  President,  Dr.  A.  C.  Christie, 
1 62 1  Connecticut  Avenue,  N.  W.,  Washing- 
ton, D.  C. 

For  information  regarding  commercial  ex- 
hibits and  other  business  matters  connected 
with  the  meeting,  address  the  Business  'Man- 
ager, Paul  B.  Hoeber,  67-69  East  59th 
Street,  New  York  City. 

It  is  hoped  to  arrange  for  special  trains 
and  cars  from  various  sections.  Details  re- 
garding this  will  be  announced  later. 


Annual  Meeting  Western  Section 

The  officers  of  the  Western  Section  of  The 
American  Roentgen  Ray  Society  are  mak- 
ing plans  for  their  second  annual  meeting. 
They  have  selected  Portland,  Oregon,  as  the 
place  of  meeting,  and  the  time  has  been  set  for 
Alay  27th  and  28th.  This  time  will  permit  of  a 
continuous  trip  for  the  western  men  who  de- 
sire also  to  attend  the  A.  M.  A.  meeting  in 
Boston. 

The  Pacific  Coast  Roentgen  Ray  Societv 
will  meet  at  the  same  time  and  place,  the  two 
organizations  being  the  guests  of  the  Portland 
Roentgen  Club,  a  very  active  organization  of 
specialists. 

The  Secretarv'  of  the  Western  Section  would 
welcome  a  visitor  or  two  from  the  East  with 
papers  or  demonstrations,  and  can  assure  them 
of  a  ver\'  enjoyable  meeting.  Address  Dr.  War- 
ner Watkins,  Box  1328,  Phoenix,  Arizona. 


NEW  COMMITTEES 
Safety,  and  Laws  and  Public  Policy 

At  the  last  meeting  of  the  American 
Roentgen  Ray  Society  two  important  com- 
mittees were  created,  a  Committee  on  Safety 
and  a  Committee  on  Laws  and  Public  Policv. 

The  Committee  on  Safety  is  charged  with 
the  investigation  of  all  matters  pertaining  to 
the  dangers  incurred  in  the  practice  of  roent- 


genolog}-,  and  recommending  measures  to  in- 
crease its  safety.  This  will  necessitate  an  ex- 
tensive investigation  by  the  committee  in 
order  that  it  may  collect  data  covering  the 
experience  of  as  many  men  as  possible.  It  is 
hoped  that  all  members  of  the  Society  and 
readers  of  the  Journal  will  cooperate  with 
the  Committee  both  by  sending  to  it,  volun- 
tarily, any  information  that  may  be  of  value, 
and  by  answering  any  questions  that  may  be 
sent  to  them  with  regard  to  accidents  and 
injuries,  both  electrical  and  .r-ray,  that  have 
occurred  in  their  practice. 

The  Committee's  recommendations  with 
regard  to  the  practical  value  of  safety  de- 
vices, as  well  as  those  for  the  ehmination  or 
lessening  of  the  dangers  pertaining  to  the 
practice  of  roentgenology,  will  undoubtedly 
be  of  great  value  to  roentgenologists. 

The  Safety  Committee  consists  of  Prof. 
J.  S.  Shearer,  Chairman,  Cornell  University, 
Ithaca,  N.  Y.,  Dr.  P.  M.  Hickey,  and  Dr. 
W.  D.  Coolidge. 

The  Committee  on  Laws  and  Public  Policy 
was  authorized  by  the  following  resolution 
which  states  its  purpose: 

"During  the  coming  year  there  shall  be 
appointed  by  the  President  at  his  convenience 
a  committee  of  three  to  be  known  as  the 
Standing  Committee  on  Laws  and  Public 
Policy:  that  it  shall  be  the  duty  of  this  Com- 
mittee on  Laws  and  Public  Policy  to  keep  the 
Society  informed  as  to  changes  in  laws  and 
legal  decisions;  to  cooperate  with  similar 
committees  from  other  medical  societies  and 
public  welfare  associations,  generally,  to  the 
end  that  this  Society  shall  be  found  in  a 
proper  attitude  toward  all  matters  of  legis- 
lative and  public  policy  which  may  be  found 
to  involve  the  welfare  of  the  Society  or  prop- 
erly to  demand  the  Society's  cooperation." 
This  committee  consists  of  Dr.  E.  H. 
Skinner,  Chairman,  Rialto  Building,  Kansas 
City,  Mo.,  Dr.  Charles  F.  Bowen,  and  Dr. 
E.  A.  Merritt. 

Any  member  of  the  Society  who  has  any 
matter  which  he  wishes  to  bring  to  the  at- 
tention of  this  committee  should  communi- 
cate with  the  Chairman. 

•  A.  C.  Christie. 


Editorials 


205 


SIXTH  ANNUAL  MEETING 
THE  AMERICAN  RADIUM  SOCIETY 

Preliminary   Program 

The  Sixth  Annual  Meeting  of  The 
American  Radium  Society  will  be  held  at 
Boston,  June  6  and  7.  The  place  of  meeting 
for  scientific  work  will  be  the  Harvard 
Medical  School,  the  headquarters  the  Hotel 
Brunswick.  Following  is  the  preliminary 
program : 

Monday,  June  6th,  1^21 


Morning  Session 


A. 
B. 


Executive  Session. 
Scientific  Session. 


Treatment  of  Primary  Carcinoma  of  the 
Vagina  luith  Radium.  Leda  J.  Stacy,  M.D., 
Rochester,  Minn. 

Treatment  of  Uterine  Cancer  by  Radium. 
Harold  Bailey,  M.D.,  Rochester,  Minn. 

Histologic  Changes  Occurring  in  Car- 
cinoma of  the  Cervix  following  Radiation, 
with  Special  Reference  to  the  Factor  of 
Distance.  Charles  C.  Norris,  M.D.,  and  Nor- 
man S.  Rothschild,  M.D.,  Philadelphia.  (By 
invitation. ) 

Radium  in  the  Treatment  of  Carcinoma  of 
the  Breast  as  an  Adjunct  to  Surgery.  Ben  R. 
Kirkendall,  M.D.,  Columbus,  Ohio. 

Radium  Combined  with  X-Ray  Treatment 
in  Carcinoma  of  the  Breast.  George  E. 
Pfahler,  M.D.,  Philadelphia. 

Treatment  of  Glandular  Enlargements 
with  Radium.  Russell  H.  Boggs,  M.D.,  Pitts- 
burgh. 

Afternoon  Session 

A  Comparison  of  Radiation  Dosages  At- 
tainable by  Use  of  Radium  on  and  without 
Tumors.  Charles  H.  Viol,  Ph.D.,  Pittsburgh. 

Dosage  in  Radium  Therapy.  Gioacchino 
Failla,  E.E.,  New  York. 

A  Comparison  of  X-Rays  with  Gamma 
Rays.  William  Duane,  Ph.D.,  Boston.  (By 
invitation.) 


Hyperthyroidism — Classification  —  Basal 
Metabolism  in  Diagnosis — Reital  and  Blood 
Findings — Treatment  by  Radium.  R.  E. 
Loucks,  M.D.,  Detroit,  Mich. 

Action  of  Radium  on  the  Blood  and 
Blood-Forming  Organs.  Isaac  Levin,  M.D., 
New  York. 

Experiences  in  the  Treatment  of  Naso- 
pharyngeal New  Growths.  Curtis  F.  Burn- 
ham,  M.D.,  Baltimore. 

Treatment  of  Multiple  Papilloma  of  the 
Larynx  in  Children.  Gordon  B.  New,  M.D., 
Rochester,  Minn. 

C.  Short  Executive  Session. 

Monday  Evening 

Annual  Dinner. 

President's  Address.  (Lantern  slides.) 

Tuesday,  June  /th,  1^21 

Morning  Session 

A.  Short  Executive  Session. 

B.  Scientific  Session. 

Radium  in  Dermatology.  Frank  E.  Simp- 
son, M.D.,  Chicago. 

Dosage  in  Superficial  Lesions.  William  S. 
Newcomet,  M.D.,  Philadelphia. 

Treatment  of  Carcinoma  of  the  Rectum. 
Douglas  Quick,  M.D.,  New  York. 

Treatment  of  Prostatic  and  Bladder  Car- 
cinoma. Hugh  H.  Young,  M.D.,  Baltimore. 

Treatment  of  Malignant  Disease  of  the 
Bladder.  Benjamin  Barringer,  M.D.,  New 
York.  (By  invitation.) 

Treatment  of  Brain  Tumors  by  Radiation. 
Henry  K.  Pancoast,  M.D.,  Philadelphia. 

Tuesday  Afternoon 

Clinic  at  the  Huntington  Memorial  Hos- 
pital, by  invitation  and  under  the  direction  of 
Dr.  Robert  Greenough,  Director  of  the 
Hospital. 
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CANADIAN  RADIOLOGICAL  SOCIETY 
Notice  of  Change  of  Meeting  Place 

The  Annual  Convention  of  the  Canadian 
Radiological  Society  will  be  held  this  year 
in  conjunction  with  the  Ontario  Radiological 
Society  at  Niagara  Falls,  Ontario,  May  31 
to  June  4,  inclusive.  Members  of  the  C.  R.  S. 
will  please  take  notice  of  this  change. 

An  invitation  is  extended  to  all  members 
of  the  profession  to  be  present,  as  the  pro- 
gram to  be  presented  will  well  justify  the 
time  spent. 

L.  K.  PoYNTZ,  Secretary-Treasurer. 


The  Third  Congress  of  the  Italian 
Society  of  Medical  Radiology 

The  Third  National  Congress  of  Radi- 
ology took  place  in  the  Institute  of  Electro- 
therapeutics and  Radiology  in  Rome,  Octo- 
ber 28  to  30,  1920.  It  was  well  attended  by 
radiologists  from  all  parts  of  Italy,  The  ex- 
hibits of  radiological  apparatus  were  large 
and  of  great  interest. 


The  opening  speech  at  the  meeting  was 
delivered  by  Prof.  Ghilarducci,  in  which  he 
very  ably  demonstrated  the  progress  made  by 
Italian  radiology  both  from  a  scientific  and 
industrial  standpoint,  and  showed  that  they 
have  been  able  to  maintain  a  place  equal  in 
importance  to  that  of  other  countries. 

Prof.  Bertolotti  of  Turin  also  delivered  an 
interesting  lecture  on  radio-activity  in  biol- 
ogy and  chemistry. 

Prof.  Perussia  (Milan)  discussed  the 
radiological  researches  of  the  heart  and  large 
vessels,  extensively  illustrated  with  clinical 
and  radiological  records  of  personal  study. 

Prof.  Ponzio  (Turin)  then  discussed  fully 
the  most  recent  physical  and  biological  dis- 
coveries of  radio-therapeutics  and  the  practi- 
cal results.  His  statements  were  strengthened 
by  a  large  personal  experience  in  the  actual 
state  of  the  therapeutics  of  cancer.  This  sub- 
ject was  discussed  at  length  by  the  leading 
clinicians. 

The  program  also  included  numerous 
other  talks  of  most  appealing  interest  show- 
ing fully  the  activity  and  scientific  value  of 
Italian  radiolog'v. 


Subscribers  to  The  American  Journal  of  Roentgenology  visiting  T^ew  Tor\  City,  are  in' ' 
vited  to  make  the  ojfice  of  The  Journal  (69  East  59th  Street,  J^ew  Tor/^  their  headquarters.  Mail, 
packages  or  baggage  may  he  addressed  in  our  care.  Hotel  reservations  will  gladly  he  made  for  those 
advising  us  in  advance;  in  this  case,  \indly  notify  us  in  detail  as  to  requirements  and  prices.  List  of 
operations  in  J^ew  Tor\  hospitals  on  fie  in  our  office  daily. 


BOOK    REVIEWS 


The  Radiography  of  the  Chest,  Vol.  I. 
— PULMONARY  TUBERCULOSIS.  By  Walker 
Overend,  M.A.,  M.D.  (Oxon)  B.Sc. 
(Lend.)  Pages  120;  108  Illus.  Price  $5.00. 
C.  V.  Mosby  Company,  St.  Louis,  1920. 

This  is  a  book  of  moderate  size  contain- 
ing ninety-nine  radiograms  and  nine  dia- 
grams. The  first  chapter  deals  briefly  with 
technique  and  the  radiographic  appearance 
of  the  normal  chest.  The  author  then  dis- 
cusses the  classification  of  lesions  and  gives 
his  own,  which  is  a  most  rational  one  based 
on  the  clinical  course  and  the  radiographic 
findings. 

The  author,  who  is  evidently  a  clinician  as 
well  as  a  radiographer,  gives  a  brief  digest  of 
the  history,  physical  examination,  clinical 
diagnosis,  and  in  some  instances,  the  post- 
mortem findings  with  each  radiogram.  The 
arrangement  of  text  and  illustrations  is  not 


altogether  good,  for  in  many  instances  the 
notes  and  radiograms  of  the  same  case  are 
several  pages  apart,  making  it  inconvenient 
to  consult  the  radiogram  while  reading  the 
interpretation  of  the  same. 

The  illustrations  are  generally  good,  but 
in  some  cases  the  entire  pulmonary  area  is 
not  shown. 

In  the  last  chapter  there  is  a  brief  discus- 
sion of  various  topics,  such  as  the  relative 
value  of  clinical  and  radiographic  examina- 
tion; incipient  tuberculosis;  tuberculosis  in 
the  great  war;  the  heart  in  pulmonary  tu- 
berculosis, etc. 

While  not  a  profound  exposition  of  the 
subject,  this  work  of  a  combined  clinician 
and  radiographer  contains  material  which 
should  be  of  interest  to  both  the  internist  and 
the  radiographer. 

John  G.  Williams 
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Greenough,  Robert  B.,  Boston.  The  Treat- 
ment of  Tumors  by  X-Rays  and  Radium. 
(Read  before  the  Fifth  Congress  of  the  In- 
ternational Society  of  Surgery,  Paris,  July 
19  to  23,  1920.) 

After  speaking  of  the  limited  knowledge 
concerning  the  biological  action  of  radium,  the 
writer  discusses  the  results  of  radiation  of  liv- 
ing tissue,  which  may  be  enumerated  as  fol- 
lows: "(i)  Living  tissue  may  be  destroyed  en, 
masse;  (2)  Growth  may  be  temporarily  in- 
hibited; (3)  The  rapidity  of  growth  may  be 
stimulated;  (4)  The  manner  of  growth  may 
be  modified." 

While  massive  destruction  of  a  complex  tis- 
sue demands  a  dose  of  radiation  sufficient  to 
kill  the  cells  of  the  different  types  of  the  area 
involved,  the  effects  of  stimulation,  inhibition 
and  modification  of  growth  may  be  exerted 
upon  individual  cells  and  individual  types  of 
cells  in  the  tissue  area  exposed  to  radiation,  de- 
pending upon  the  dosage,  the  susceptibility  of 
the  cells  to  radiation,  and  doubtless  upon  other 
factors  of  which  we  have  insufficient  knowl- 
edge at  present.  In  the  treatment  of  non-malig- 
nant disease  and  for  palliative  (non-curative) 
treatment  of  cancer,  all  of  the  cells  exposed 
need  not  be  destroyed.  But  to  cure  cancer  by 
radiation,  the  exposure  must  be  shown  to  be 
100  per  cent  efficient  in  destroying  the  disease, 
or  recurrence  is  to  be  expected. 

The  massive  destructive  effect  of  the  lethal 
dose  of  radiation  is  used  in  the  non-metastasiz- 
ing  carcinoma  of  the  skin  in  both  the  squamous 
and  basal-celled  varieties.  It  is  also  used  in 
some  of  the  metastasizing  forms  of  cancer 
where  the  removal  is  impossible.  Here  the 
insertion  method  by  the  use  of  the  bare  tubes 
of  emanation  or  of  the  needles  holding  radium 
salts  or  emanation  at  their  tips,  has  proved  ef- 
fective in  producing  massive  destruction.  This 
method  has  been  employed  safely  near  the  sur- 
face of  the  body  where  normal  suppurative 
processes  and  their  discharges  may  take  place 
without  the  risk  of  deep  and  dangerous  infec- 
tion. Burying  tubes  of  emanation  in  deeply 
situated  tumors  has  proven  unsatisfactory, 
either  because  the  dosage  has  been  too  small  to 
be  effective  or  a  degenerative  process  has  re- 


sulted with  secondary  infection  that  made  sur- 
face drainage  necessary.  For  the  treatment  of 
certain  malignant  tumors  on  the  surface  of  the 
body  where  operative  removal  is  impossible,  or 
in  combination  with  operation,  when  the  opera- 
tive procedure  alone  was  insufficient,  the  inser- 
tion of  tubes  of  emanation  with  the  resulting 
massive  destruction,  finds  a  field  of  great  use- 
fulness. 

As  the  absorbed  rays  rather  than  the  pene- 
trating rays  produce  the  greatest  effects  upon 
living  tissues,  it  is  probable  that  the  beta  rays 
are  the  most  concerned  in  the  production  of 
massive  destruction  with  the  radium.  For  this 
reason  massive  destruction  is  produced  only  in 
close  proximity  to  the  source  of  radiation. 

The  phenomenon  of  temporary  inhibition  is 
shown  by  the  fact  that  cells  exposed  to  radia- 
tion for  a  certain  time  remain  quiescent  for  a 
considerable  period,  only  to  awake  to  active 
and  continued  growth  after  the  radium  effects 
have  passed  away.  The  time  before  activity 
begins  again  is  variable,  in  some  cases  several 
years. 

That  small  doses  of  radiation  produce  a 
stimulant  effect  upon  growth  is  generally  con- 
ceded. It  is  impossible  that  one  dose  of  radia- 
tion should  contribute  a  constituent  of  growth 
that  was  previously  lacking  as  would  be  the 
case  if  a  plant  or  an  animal  were  supplied  with 
a  greater  quantity  of  light,  heat  or  moisture. 
The  primary  inhibition  of  growth  followed  by 
the  later  increased  rapidity  of  cell  division 
would  appear  to  justify  the  assumption  that 
some  damage  was  done  by  the  radiation  and 
as  a  result  the  normal  processes  in  response  to 
injury  were  excited. 

In  addition  to  the  effect  on  the  tumor,  there 
is  an  effect  seen  in  the  normal  tissue  surround- 
ing the  diseased  area.  The  earliest  observable 
histological  changes  after  radiation  are  a  new 
growth  of  the  cell  elements  in  the  blood  vessels 
and  connective  tissue.  It  is  impossible  to  state 
how  much  is  due  to  radiation  and  how  much  to 
the  natural  processes  or  inflammation  and  re- 
pair excited  by  the  damaged  tumor  tissue. 
There  is,  however,  a  marked  new  growth  of 
connective  tissue  before  any  recognizable 
change  in  the  epithelial  cells  is  seen. 

The  modification  of  growth  resulting  from 
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the  radiation  of  living  tissue  depends  upon  the 
tissue  investigated  to  a  great  extent.  Normal 
tissues  may  be  made  abnormal,  and  developing 
embryonic  cells  may  be  made  to  develop  in  an 
abnormal  manner.  This  ability  of  radiation  is 
shown  in  the  clinic  in  its  application  to  the  re- 
lief of  benign  skin  lesions  such  as  papillomas 
and  keratoses.  In  these  the  destructive  effects 
are  not  needed  or  desired.  After  a  mild  reac- 
tion the  deeper  cells  which  were  formerly 
growing  in  an  abnormal  manner  begin  to  grow 
more  normal.  The  abnormal  cells  are  cast  off 
and  the  lesion  heals  without  a  scar.  While  this 
action  is  of  greatest  value  in  the  treatment  of 
non-malignant  lesions,  it  can  be  counted  upon 
but  little  in  the  attempt  to  eradicate  malig- 
nant disease.  No  modification  of  growth  of 
cancer  cells  short  of  death  and  destruction  of 
every  cell  is  sufficient  to  cure  the  patient  of 
cancer. 

The  so-called  "selective  action"  of  radium 
upon  tumor  tissue  is  next  considered.  Some  be- 
nign lesions  such  as  papillomas  and  keratoses, 
which  yield  to  the  "modifying"  effects  of  ra- 
dium without  the  destructive  effect,  are  of  the 
class  of  so-called  "precancerous"  lesions,  but 
this  does  not  permit  us  to  presuppose  a  similar 
reaction  when  dealing  with  cancer  tissue. 

Different  tissues  show  a  variation  in  sensi- 
tiveness to  radiation.  Lymph-adenoid  tissues 
and  those  of  the  ovary  and  testicle  are  es- 
pecially sensitive.  Certain  tumors  of  lymph- 
adenoid  tissue,  such  as  malignant  lymphoma 
(Hodgkin's  disease)  and  lympho-sarcoma  ap- 
pear to  exhibit  a  definite  and  positive  sensitive- 
ness, in  that  when  they  are  first  subjected  to 
deep  radiation,  the  tumor  masses  shrink  and 
occasionally  disappear,  without  undue  damage 
to  the  normal  tissues  overlying.  But  it  has  been 
the  experience  of  the  writer,  that  the  changes 
are  temporary,  and  although  a  recurrence  of 
the  tumor  masses  in  the  same  or  in  other  lymph 
nodes  may  again  react  to  radiation,  sooner  or 
later  the  sensitiveness  is  lost.  In  myeloid  leu- 
kemia, profound  changes  in  the  blood  picture, 
in  the  size  of  the  spleen,  and  in  the  patient's 
comfort  result  from  deep  radiation  of  the 
spleen,  but  again  the  improvement  is  tempor- 
ary. These  two  diseases  are  often  evoked  as 
evidence  of  the  selective  action  of  radium.  This 
action,  however,  is  one  of  modification  of 
growth,  or  even  possibly  of  stimulation  of  cer- 
tain types  of  tissue,  rather  than  a  destructive 
effect. 


The  cells  of  the  ovary  and  testicle  are,  again, 
notoriously  susceptible  to  radiation.  Ovarian 
function  and  menstruation  can  be  brought  to 
an  end  by  intra-uterine  applications  of  radium, 
and  with  all  of  the  symptoms  of  the  meno- 
pause. Azoospermia  has  been  frequently  found 
in  male  .^^-ray  workers,  although  there  is  reason 
to  believe  that  recovery  from  this  condition 
may  subsequently  occur  when  exposure  ceases. 

When  cancer  is  superficial  and  accessible  to 
direct  radiation  of  any  desired  dosage,  either 
by  surface  applications  or  by  insertions,  it  can 
often  be  permanently  destroyed.  In  no  case  of 
actual  cancer,  however,  has  the  writer  seen 
success  in  this  purpose  without  the  production 
of  a  destructive  lesion,  and  in  many  there  is  a 
failure  to  destroy  the  disease  entirely.  In  some 
cases,  as  when  a  basal  cell  carcinoma  involves 
the  bones  of  the  face  or  a  carcinoma  of  the 
tongue  extends  into  the  tissues  of  the  floor  of 
the  mouth,  the  cancer  tissue  seems  to  be  more 
resistant  to  radiation  than  the  normal  issue  in 
the  vicinity.  In  these  cases,  at  least,  no  specific 
sensitiveness  is  manifest. 

Advanced  cases  of  cancer  of  squamous  cell 
or  glandular  origin  which  have  extended  to  the 
regional  lymph  nodes  are  frequently  subjected 
to  treatment  with  radium.  The  enlargement  of 
the  regional  nodes  is  commonly  accepted  as 
evidence  of  extension  having  taken  place. 
However,  it  must  be  remembered  that  other 
causes  for  the  enlargement  of  the  lymph  node 
exist  and  that  it  is  not  at  all  uncommon  to  see 
an  inflammatory  process  in  regional  lymph 
nodes  due  to  the  ulceration  of  the  primary  car- 
cinoma. Even  in  the  presence  of  a  certain 
amount  of  infiltration  of  cancer  cells,  inflam- 
matory changes  may  occur  and  lead  to  fluctua- 
tion in  the  size  of  the  lymph  nodes  far  too 
rapid  to  be  interpreted  as  being  due  to  cancer 
growth  alone.  In  almost  every  fatal  case  of  car- 
cinoma of  squamous  cell  or  glandular  origin 
extension  of  the  disease  into  the  regional  lymph 
nodes  ultimately  takes  place.  In  none  of  these 
cases  has  the  writer  seen  a  permanent  destruc- 
tion of  the  disease  following  radiation.  Shrink- 
age in  size  of  a  large  node  is  obsei-ved,  but  he 
is  inclined  to  attribute  this,  when  it  occurs,  to  a 
change  in  the  accompanying  inflammatory  pro- 
cess rather  than  to  a  destruction  of  cancer 
tissue. 

Cells  engaged  in  mitotic  division  are  gen- 
erally believed  to  be  more  sensitive  to  radia- 
tion than  resting  cells.  The  large  number  of 
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mitotic  figures  is  a  characteristic  of  cancer  tis- 
sue. It  is  not  unreasonable  to  suppose  that  a 
part,  if  not  the  greatest  part,  of  the  supposed 
sensitiveness  of  cancer  tissue  to  radiation  is 
dependent  upon  the  number  of  cells  actually 
undergoing  mitosis  during  the  period  of  ex- 
posure. If  this  is  so,  a  fractional  destruction  of 
the  tumor  only  can  be  expected  as  a  result  of 
repeated  deep  radiation,  for  during  each  ex- 
posure only  those  cells  then  in  mitosis  would  be 
affected,  and  a  diminishing  but  constant  res- 
idue of  unaffected  cells  would  always  remain  to 
awaken  into  activity  and  grow  at  some  subse- 
quent time  and  produce  recurrence.  It  must  be 
recognized  that  there  is  abundant  evidence  that 
repeated  exposure  to  radiation  produces  a 
gradual  loss  of  sensitiveness  on  the  part  of 
the  tissues  exposed,  so  that  the  attempt  to  ac- 
complish a  fractional  destruction  of  tumor 
tissue  by  deep  radiation  is  by  this  fact,  also, 
made  more  difficult.  The  clinical  observations 
of  the  result  of  deep  radiation  on  cancer  tissue 
are  in  accord  with  this  theory,  for  although 
inhibition  or  retardation  of  growth  mav  be 
observed,  the  destruction  of  the  tumor  and  the 
cure  of  the  disease  are  not  accomplished. 

In  general,  the  experience  in  the  clinic  and 
in  the  laboratory  has  shown  that  the  massive 
destructive  effect  of  radiation  (by  direct  ap- 
plication) is  necessary  for  the  cure  of  the 
disease. 

While  certain  tissues  show  a  sensitiveness  to 
deep  radiation  which  is  of  value  in  the  treat- 
ment of  non-malignant  disease  and  in  the  pal- 
liative (non-curative)  treatment  of  malignant 
disease  as  well,  the  cure  of  cancer  (estimated 
in  surgical  terms  on  a  three  to  five  year  basis) 
is  not  accomplished  without  the  massive  and 
total  destruction  of  the  tumor  by  the  direct  ap- 
plication of  the  source  of  radio-activity. 

K.  F.  Kesmodel. 


Quick,  Douglas.  The  Combination  of  Radium 
and  the  Z-Ray  in  Certain  Types  of  Car- 
cinoma of  the  Breast.  (Surg.,  Gynec.  & 
Obst.,  Vol.  xxxii,  No.  2,  Feb.,  1921.) 

The  writer  reviews  the  existent  literature 
briefly,  and  quotes  some  interesting  early  re- 
sults. He  notes  that  in  the  past,  radium  and 
.r-ray  have  not  been  sufficiently  combined.  He 
describes  the  technique  in  use  at  the  ^Memorial 
Hospital  for  burying  emanation  tubes  in  the 


tissue;  presents  an  outline  of  the  histologic 
changes  which  follow  such  a  procedure  and 
which  furnish  a  rational  basis  for  radium 
therapy.  He  thinks  that  the  results  following 
the  burial  of  small  emanation  tubes  (2  or  3  mc.) 
are  better  than  those  following  the  same  total 
dosage  delivered  in  a  shorter  time.  Filtration, 
in  this  method,  is  through  a  thin  glass  wall 
only,  and  this  permits  the  use  of  nearly  all  of 
the  beta  radiation — a  very  important  factor. 
Subsequent  jr-ray  treatment  is  carried  out  as 
though  no  radium  treatment  had  been  given. 
During  the  past  two  and  one-half  years,  78 
cases  of  carcinoma  of  the  breast  have  been  thus 
treated  at  the  Memorial  Hospital.  Of  these,  7 
show  complete  regression,  and  have  remained 
well  for  periods  of  from  three  months  to  two 
years;  21  cases  show  a  partial  regression,  and 
are  still  progressing  (no  case  in  this  group  has 
been  observed  less  than  five  months)  ;  24  cases 
showed  temporary  benefit;  19  of  these  have 
died,  but  without  fighting  up  of  the  original 
process;  10  cases  showed  no  improvement 
(these  were  far  advanced  cases  with  wide- 
spread metastases)  ;  9  cases  were  not  followed ; 
7  cases  have  been  imder  observation  too  short 
a  time  for  any  report;  12  of  the  foregoing 
cases  are  reported  in  detail,  with  micro-photo- 
graphs illustrating  the  histologic  changes  oc- 
curring; 58  of  these  cases  were  treated  for 
recurrences  and  metastatic  growth;  only  one 
of  these  was  operable.  He  notes  that  radium 
seems  to  control  the  pleural  pain  better  than 
.r-ray.  He  concludes  that  the  .r-ray  is  useful  in 
the  treatment  of  every  case  of  mammary  car- 
cinoma ;  that  radium  may  be  combined  with 
.r-ray  to  great  advantage  in  a  certain  number 
of  cases ;  that  radium  is  useful  mainly  in  flat 
or  bulky  recurrences,  axillary  involvement,  in- 
operable primary  cases;  and  in  cases  refusing 
operation ;  and  that  radium  and  .r-ray  may 
convert  an  inoperable  case  into  an  operable 
one  at  times.  Lowell  S.  Goin. 


Baejter,  F.  H.,  and  Friedenwald,  Julius. 
Roentgenological  Aspects  of  Lower  Right 
Quadrant  Lesions.  Am.  J.  Med.  Sc,  No- 
vember, 1920,  clx,  639. 

The  importance  of  lesions  of  the  right  lower 
quadrant  is  quite  evident.  Among  the  most 
frequent  lesions  occurring  in  this  locality  may 
be  mentioned : 
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1.  Appendicitis. 

2.  Incompetent  ileocecal  valve  and  ileal 
stasis. 

3.  Dilatation  of  the  cecum  with  retention. 

4.  Adhesions  and  angulations. 

5.  Ulcerations  due  to  tuberculosis. 

6.  Ulcerations  due  to  carcinoma. 

Both  bismuth  meal  and  enema  are  employed. 
The  ingested  meal  should  reach  the  cecum  in 
five  to  eight  hours,  according  to  the  meal  em- 
ployed. Delay  in  the  passage  of  the  meal  may 
be  due  to  dilatation  of  the  cecum,  to  ptosis 
or  adhesions,  to  ileal  stasis  and  angulation, 
ulceration  or  carcinoma.  A  bismuth  enema, 
given  in  the  knee-chest  position,  is  also  of 
advantage  in  studying  lesions  of  the  right 
lower  quadrant. 

I.  Appendicitis. — Acute  appendicitis  may 
be  more  accurately  diagnosed  by  fillmg  the 
cecimi  to  localize  the  site  of  involvement  and 
then  (in  certain  instances  where  the  onset  of 
a  lower  right  pneumonia  is  preceded  by  symp- 
toms simulating  appendicitis)  to  rule  out  in- 
volvement of  tliis  organ  by  showing  the  ab- 
sence of  a  painful  point  over  the  cecum  or  any 
limitation  of  mobility. 

Chronic  appendicitis :  The  appendix  can  be 
examined  only  if  the  lumen  is  potent  and  will 
admit  bismuth;  otherwise  it  cannot  be  visual- 
ized. The  specific  technique  emphasized  by 
Case  for  examination  of  the  appendix  is  as 
follows : 

(i)  Examination  of  the  patient  on  the  hori- 
zontal fiuoroscope.  The  tube  must  be  under 
the  table  and  the  screen  over  the  abdomen,  to 
insure  the  proper  examination. 

(2)  The  abdomen  must  be  palpated  with  the 
gloved  finger  or  a  spoon  for  localization  of  a 
point  of  tenderness. 

The  time  of  examination  is  of  importance. 
In  six  hours  the  cecum  fills,  and  under  palpa- 
tion the  appendix  may  fill.  From  then  on  until 
the  bowels  are  empty  it  may  be  visible.  When 
the  appendix  remains  visible  for  more  than  a 
day  or  two  after  the  bismuth  examination  it 
is  a  dangerous  appendix.  The  bismuth-filled 
apf)endix  has  been  noted  weeks  after  an  ex- 
amination. Where  there  is  no  local  tenderness 
on  pressure,  appendicitis  can  usually  be  ex- 
cluded. Where  the  cecum  is  limited  in  motion 
there  is  always  the  possibility  that  this  may  be 
due  to  inflammation  even  if  the  appendix  is 
visualized  and  not  tender.  The  frequency  of 
visualization  of   the   appendix   with   bismuth 


meal  varies  with  different  men — 35  to  90  per 
cent.  Not  every  visualized  appendix  is  abnor- 
mal. The  mere  filling  of  the  appendix  does  not 
necessarily  indicate  pathology.  When  it  is 
curled  up,  kinked  or  bound  down  it  probably 
is  pathological. 

The  stomach  is  often  pulled  toward  the  right 
lower  quadrant  due  to  omental  adhesions.  As 
a  reflex  condition  chronic  appendicitis  may 
give  rise  to  a  picture  similar  to  that  of  duo- 
denal ulcer;  gastric  and  duodenal  hypemio- 
bility,  with  a  definite  filling  defect  of  the 
duodenal  cap. 

2.  Incompetent  ileocecal  valve  and  ileal 
stasis. — In  one  sixth  of  3000  cases  examined 
by  Case  incompetency  of  the  ileocecal  valve 
and  ileal  stasis  was  noted.  Bismuth  meals 
which  after  twenty- four  hours  had  completely 
left  the  ileum  were  found  at  thirty-six  and 
forty-eight  hours  to  have  regurgitated  through 
an  incompetent  ileocecal  valve  into  the  ileum. 
The  patient  should  be  on  his  back  on  the 
horizontal  fiuoroscope.  The  rectal  point  should 
be  inserted  not  more  than  one  or  two  inches. 
The  container  of  the  barium  enema  should 
never  be  elevated  more  than  two  feet.  Ordi- 
narily 1200  c.c.  (100°  F.)  will  fill  the  colon 
without  causing  irritation.  The  cecum  must 
be  well  filled  and  palpated  under  the  fiuoro- 
scope. Plates  should  be  made  with  the  patient 
in  the  prone  position.  When  a  bismuth  meal 
is  given  it  collects  in  the  terminal  ileum  in 
about  four  hours  and  leaves  in  eight  to  nine 
hours.  Delay  in  passage  may  be  due  to  spasm, 
incompetency  of  the  ileocecal  valve,  bands  of 
adhesions,  displacement,  prolapse  or  tumors ; 
dilatation  of  the  terminal  ileum  points  to 
obstruction. 

3.  Dilatation  of  the  cecum  with  retention. — 
The  ingested  bismuth  meal  appears  usually  in 
the  cecum  in  from  seven  to  ten  hours.  Delay 
in  passage  may  be  due  to  dilatation  and  reten- 
tion of  cecum.  This  may  be  associated  with 
constipation,  appendicitis,  sub-acute  inflamma- 
tory  lesions,  or  enteroptosis.  It  is  not  the  po- 
sition of  the  cecum  which  is  most  important 
but  the  function  of  this  part  of  the  bowel. 
The  constipation  associated  with  this  condition 
may  be  very  marked  and  on  operation  the  re- 
tained fecal  material  may  cling  closely  to  the 
walls  of  the  cecum  leaving  bleeding  areas  ' 
when  separated,  showing  evidence  of  a  sub- ■ 
acute  infection.  '/ 

4.  Adhesions  and  angulations. — Angulations 
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and  kinks  occurring  in  the  right  lower  quad- 
rant are  often  due  to  adhesions  either  from 
appendiceal  disease,  pelvic  inflammation  or 
some  local  inflammatory  process.  The  delay  in 
the  passage  of  the  bismuth  will  give  a  clue  to 
this. 

5.  Ulcerations  from  Tuberculosis. —  The 
clinical  picture  of  intestinal  tuberculosis  is  of 
little  aid  in  early  cases.  The  roentgenographic 
examination  may  give  definite  information. 
The  most  constant  finding  is  intestinal  hyper- 
motility,  the  entire  meal  being  discharged  in 
twenty  to  twenty- four  hours ;  this  may  be  with 
or  without  gastric  residue.  A  spastic  condi- 
tion of  the  bowels  affecting  especially  the  ce- 
cum and  ascending  colon  is  noted  and  often 
irregular  filling  defects  can  be  seen. 

6.  Ulcerations  from  carcinoma. — There  is  in 
this  condition  a  large  irregular  constant  filling 
defect  of  the  cecum.  Filling  defects  from  ad- 
hesions and  fecal  contents  must  be  carefully 
differentiated  by  re-examination  at  a  later  date. 

In  conclusion,  the  .r-ray  examination  should 
be  looked  upon  as  an  aid  in  the  diagnosis  of 
the  lesions  above  indicated.  The  possibility  of 
error  is  so  great  that  mistakes  will  necessarily 
be  made.  If  the  roentgen  diagnosis  is  diamet- 
rically opposed  to  the  clinical  and  all  other 
findings  it  is  probably  wise  to  adhere  to  the 
clinical  interpretation. 

L.  R.  S. 


Hernaman-Johnson,  Francis.  The  Use  of 
X-Rays  as  Immunity-Raising  Agents  before 
and  after  Operation  for  Cancer.  (Brit.  Med. 
J.,  June  12,  1920.) 

The  knife  may  be  a  means  of  disseminating 
stray  cancer  cells.  If  before  this  occurs  we  can 
bring  about  either  a  weakening  of  the  malig- 
nant cells  or  an  increase  in  the  resistance  of 
the  body  tissues,  or  both,  the  chance  of  suc- 
cessful colony  formation  by  the  parent  growth 
will  be  lessened.  Experimental  research  has 
shown  that  mouse  cancer  which  has  been  ex- 
posed to  radiation  is  grafted  into  fresh  tracts 
Avith  difficulty  or  not  at  all.  Clinical  evidence 
supports  this  fact  as  applied  to  man.  The 
^--rays  act  as  much  by  their  stimulating  or 
regulating  action  upon  the  body  as  by  their 
depressing  effect  upon  cancer.  Embnonic  cells 
are  injured  or  destroyed  by  doses  of  radiation 
which  have  little  or  no  effect  upon  the  normal 


tissue.  The  general  stimulating  and  regulating 
action  of  the  ;r-rays  is  of  more  value  than  their 
specific  effect  upon  the  pseudo-embryonic  cells. 
The  immunity  produced  by  A'-rays  is  partial 
and  non-specific.  It  is  not  proven  that  that 
resulting  from  the  use  of  radium  is  any  differ- 
ent. Pre-operative  treatment  should  be  given. 
The  healing  of  the  wound  is  not  delayed  and 
the  only  argument  agamst  such  a  procedure  is 
that  it  delays  operation  for  two  or  three  weeks. 
This  argument,  to  be  valid,  implies  that  the 
cancer,  though  improving  visibly,  is  invisibly 
spreading  in  depth.  This  does  not  occur.  If 
immunity  to  cancer  can  be  raised  by  pre-op- 
erative raying,  we  should  obviously  carry  out 
raying  after  operation.  So  long  as  we  are  not 
dealing  with  actual  recurrence,  we  should  be 
careful  to  give  too  little  rather  than  too  much. 
The  fact  that  small  doses  increase  the  immun- 
ity to  cancer  and  that  large  ones  decrease  or 
abolish  it  must  be  kept  in  mind. 

Lowell  S.  Coin. 


Marty,  L.  A.  The  Modern  Treatment  of 
Malignancies.  (/.  Missouri  Med.  Assn.  Vol. 
XVII,  No.  7.) 

In  the  United  states  65,000  people  died  of 
cancer  in  1918;  200,000  people  are  suffering  at 
all  times  from  this  condition.  We  are  no 
longer  justified  in  "cutting  it  out"  and  allow- 
ing the  percentage  of  recurrences  to  be  high 
and  the  mortality  what  it  is  at  present.  Only 
the  man  doing  .ar-ray  work  and  radium  therapy 
will  be  able  to  do  work  that  is  fair  to  the 
patient,  for  specialists  are  not  made  over  night 
in  this  more  than  in  any  other  special  branch. 
Breast  cases,  for  example,  should  have  prelim- 
inary raying  to  block  the  lymphatics  and  lower 
the  vitality  of  the  malignant  cells.  A  massive 
dose  should  be  delivered  into  the  wound  be- 
fore closure  of  the  flaps  and  post-operative 
raying  should  be  begun  as  soon  as  the  patient 
has  recovered  from  the  shock  of  the  operation. 
The  axillary  and  clavicular  regions,  and  in 
fact  the  entire  chest  should  be  rayed.  The  same 
applies  to  malignancy  elsewhere.  In  cancer  of 
the  pelvic  organs  radium  may  be  added  to 
advantage.  Radiation  is  indicated  in  every  case, 
as  much  suffering  is  relieved,  toxemia  less- 
ened, and  the  patient  made  more  bearable  to 
those  about  him. 

L.  S.  G. 
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HuBENY,  M.  J.  Z-Ray  Treatment  of  Exoph- 
thalmic Goiter.  (Illinois  Med.  J.  June,  1920, 
P-  383.) 

The  writer  reviews  briefly  the  history  of 
;i;-ray  therapy  in  goiter  and  sums  up  the  histo- 
logic basis  for  such  treatment.  He  has  used 
two  techniques,  one  is  to  give  each  of  these 
areas  (including  the  thymus)  two  thirds  of  an 
erythema  dose,  using  a  9  inch  spark-gap  and 
filtration  of  4  millimeter  aluminum  and  one 
millimeter  leather  with  target  skin  distance  of 
8  inches.  This  dose  is  repeated  in  three  weeks. 
The  second  technique  consists  in  using  the 
same  filtration,  the  same  spark-gap  and  a  14 
inch  skin  distance,  applying  a  half -erythema 
dose  over  each  of  six  areas:  right  anterior 
thymus;  left  anterior  thymus;  right  anterior 
thyroid;  left  anterior  thyroid;  right  and  left 
posterior  cervical  ganglionic  areas.  Roentgen- 
ization  over  the  cervical  ganglionic  areas  in- 
hibits thyroid  secretion.  The  second  technique 
is  preferred  when  the  patient  is  not  highly 
toxic,  quicker  results  are  obtained  with  the 
first  technique.  Early  treatment  increases  the 
chances  of  recovery,  exophthalmos  disappears 
in  40  per  cent  of  cases.  The  first  dose  should 
be  small  to  guard  against  an  increased  toxemia. 
Caution  should  be  used  in  treatment  of  cases 
after  operation,  as  there  is  danger  of  the  pro- 
duction of  hyperthyroidism, 

L.  S.  G. 


FiscHEL,  Ellis.  The  Use  of  Radium  in  Car- 
cinoma of  the  Face,  Jaws  and  Oral  Cavity. 
(/.  Missouri  Med.  Assn.  Vol.  XVII,  No.  7.) 

.  The  recognized  methods  of  treatment  are 
operative  removal,  destruction  by  x-vdcy,  ra- 
dium, high  frequency  or  the  actual  cautery. 
The  ;r-ray  can  be  relied  upon  to  cure  nearly 
all  basal  cell  epitheliomas  of  the  fact.  At  pres- 
ent it  cannot  be  depended  upon  to  destroy  the 
more  malignant  types  even  when  located  on 
the  surface.  The  writer  has  never  seen  a  lesion 
located  within  the  mouth  benefited  by  the 
;r-rays.  Radium  has  some  advantages  over  the 
x-x2iy,  particularly  the  fact  that  a  known 
amount  may  be  buried  in  a  mass.  Whatever 
means  are  employed,  the  tumor  should  be  de- 
stroyed as  completely  as  possible  at  the  first 
attempt.  If  cancer  of  the  lip,  the  results  under 


radium  treatment  have  been  so  striking  that 
operation  is  no  wreserved  for  those  who  have 
had  paste  or  unsuccessful  operative  treatment 
before.  Results  within  the  oral  cavity  have  not 
been  so  successful,  no  cures  having  been  noted. 
If  the  growth  involves  the  bony  jaw,  operation 
is  advised,  and  is  followed  by  radium. 

L.  S.  G. 


ViLRANDE,  G.  E.  Observations  on  the  Treat- 
ment of  Neoplasm.  {Brit.  Med.  J.,  February 
14,  1920.) 

The  writer  reports  a  number  of  interesting 
case  histories  of  various  malignancies  treated 
by  radium.  He  thinks  that  there  is  no  doubt  as 
to  the  value  of  radiation  of  the  site  of  glands 
after  removal,  and  pleads  for  the  routine  ray- 
ing of  the  scars  after  lip  operations.  Rodent 
ulcers  do  best  under  radium.  Sarcomata  are 
much  more  easily  inhibited  than  are  carcino- 
mata.  Breaking  down  malignant  glands  as  fol- 
low an  epithelioma  of  the  lip,  does  not  do  well 
under  ;tr-ray  treatment.  Neoplasm  of  the  lungs 
reacts  to  hard,  heavily  filtered  rays,  but  the 
writer  has  not  seen  one  disappear.  He  suggests 
that  perhaps  the  frequent  occurence  of  epi- 
thelioma on  lupus  that  has  been  treated  by 
small  doses  of  unfiltered  rays  may  have  some 
significance.  Larger  doses  of  harder,  more 
heavily  filtered  rays  are  indicated  in  radio- 
therapy. The  writer  has  doubled  and  tripled 
his  dosage  in  the  past  two  years. 


Leighton,    W.    E.    Inoperable    Cancer.    (/. 
Missouri  Med.  Assn.   Vol.  XVII,  No.  7.) 

The  responsibility  for  inoperable  cancer 
rests  (i)  with  the  quack  cancer  specialist,  (2) 
with  the  patient  who  neglects  to  consult  a 
physician,  (3)  with  the  physician  who  fails 
to  recognize  the  disease,  or  who  attempts  su- 
perficial surgery.  The  diagnosis  of  external 
cancer  is  not  very  difficult.  Ulcerations  which 
do  not  heal  readily  should  arouse  our  suspi- 
cions, and  tumors  of  all  descriptions  demand 
early  investigation.  The  laity  and  the  phy- 
sicians must  be  educated  to  the  fact  that  early 
diagnosis  and  operation  will  cure  a  large  per- 
centage of  cancer  cases.  Palliative  operation 
should  be  undertaken  where  possible.  The  re- 
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moval  of  ulcerating  and  offensive  masses  by 
cauterization,  electro-thermic  coagulation  or 
electric  dessication  may  accomplish  wonders. 
Deep  roentgen  therapy  after  removal  of  the 
skin  has  given  excellent  results. 

L.  S.  G. 


dose.  After  two  weeks  half-pastille  doses  may 
be  given  at  ten-day  intervals.  Local  relapse 
is  rare. 

Acne  can  be  permanently  cured,  no  matter 
in  what  stage  it  may  be,  by  judicious  ;r-ray 
treatment.  L.  S.  G. 


Semon,  H.  C.  The  X-Ray  Treatment  of  Acne 
Vulgaris.  (Brit.  Med.  J.,  May  22,  1920.) 

The  etiology  and  pathology  of  acne  is 
that  the  effect  of  the  rays  on  acne  lesions  is 
the  inhibition  of  the  physiologic  action  of  the 
secretory  cells  of  the  sebaceous  glands,  and 
the  dissolution  of  the  fibrous  capsules  of  the 
infected  comedo.  Whether  or  not  this  is  cor- 
rect, it  remains  a  fact  that  the  .ar-rays  will 
cause  involution,  both  of  the  comedo  and  the 
deep  nodular  abcsess  and  reduce  scarring  to 
a  minimiim.  For  simple  cases  unfiltered  rays 
from  a  tube  backing  up  between  4  and  5  inches 
spark-gap  are  used,  giving  a  dose  of  four 
fifths  Sabauraud  B  tint.  This  is  not  repeated 
within  ten  days.  An  erythema  is  not  desirable. 

When  pustulation  and  dermatitis  are 
marked,  treatment  is  preceded  by  a  few  days' 
application  of  antiseptics  and  detergent  lo- 
tions, after  which  doses  of  two-fifths  B  tint 
are  given  at  ten-day  intervals.  In  the  more 
advanced  stages,  with  intra-  and  sub-dermic 
nodules,  periglandular  fibrosis,  etc.,  harder 
rays  from  a  tube  backing  up  between  5  and  6 
inches  of  spark-gap  are  used,  with  five  milli- 
meters of  aluminum  filter,  giving  a  full  pastille 


Bryan,  Lloyd.  The  X-Ray  as  an  Aid  in  Diag- 
nosis of  Non-Tubercular  Pulmonary  Condi- 
tions. (California  State  J.  Med.  Vol.  XVIII, 
No.  6.) 

Lung  abscess  is  seen  as  an  irregular  area  of 
increased  density,  fading  out  gradually  into 
normal  lung  tissue.  If  the  cavity  is  only  partly 
filled  with  fluid,  a  gas  bubble  may  be  seen 
above  the  fluid  level.  The  large  area  of  con- 
solidation about  the  cavity  may  be  misleading, 
and  the  surgeon  will  be  disappointed  in  finding 
so  small  a  cavity.  Abscess  must  be  differenti- 
ated from  bronchiectasis  in  which  condition 
the  indurated  areas  are  usually  multiple.  The 
peribronchial  thickening  of  bronchitis  never 
reaches  the  periphery.  Primary  and  secondary 
pulmonary  malignancy  must  be  differentiated 
from  both  lung  abscess  and  tuberculosis.  Meta- 
static sarcoma  give  a  picture  identical  with 
that  of  multiple  small  abscesses.  Tuberculosis 
may  be  confused  with  pneumoconiosis,  and 
may  be  coincident  with  it.  Diagnosis  should 
not  be  made  from  an  x-x2cy  examination,  which 
is  only  an  aid,  and  must  be  correlated  closely 
with  the  clinical  findings. 

L.  S.  G. 
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HIS  investigation  was  undertaken  for 
the  purpose  of  determining  the  absorp- 
tion by  different  tissues  of  the  radiation  of 
radium  filtered  through  various  thicknesses 
of  metal.  The  scope  of  the  work  was  to 
apply  the  knowledge  thus  obtained  to  radium 
therapy. 

DESCRIPTION  OF  APPARATUS 

The  apparatus  used  for  the  experiments  is 
shown  in  Figure  i.  The  conical  ionization 
chamber  is  made  of  lead,  and  is  supported 
vertically  on  a  suitable  frame  not  shown  in 
the  diagram.  It  is  51  cm.  long,  3  cm.  in 
diameter  at  the  smaller  end,  and  12  cm.  at 
the  larger  end.  The  wall  thickness  is  0.8  cm. 
A  thin  steel  rod,  tapered  to  a  point,  is  sus- 
pended along  the  axis  of  the  chamber,  and 
is  carefully  insulated  therefrom.  The  rod  is 
electrically  connected  to  the  leaf  post  P  of 
the  electroscope  by  means  of  a  fine  copper 
wire  which  runs  through  brass  tubes  filled 
with  paraffin.  The  electroscope  is  made  of 
lead  I  cm.  thick.  The  inside  dimensions  are 
2.7  by  6  by  7  cm.  It  is  arranged  (as  shown 
in  the  lower  part  of  the  figure)  so  that  the 
gold  leaf  is  projected  on  a  ground  glass 
screen.  The  lead  cone,  brass  tubes,  and  elec- 
troscope case  are  all  connected  to  the  ground 


at  G.  The  gold  leaf  of  the  electroscope  is 
charged  by  pulling  a  string  attached  to  a  bell 
crank,  so  that  the  rod  R,  which  is  connected 
to  a  suitable  source  of  potential,  touches  the 
leaf  post.  The  wire  in  the  ionization  chamber 
will  then  be  at  the  same  potential  as  the  leaf. 
The  charging  potential  is  adjusted  so  as  to 
bring  the  image  of  the  leaf  always  to  the 
same  point  a  on  the  screen.  In  taking  read- 
ings, the  observer  sits  in  front  of  the  ground- 
glass  screen,  and,  with  a  stop  watch,  meas- 
ures the  time  it  takes  the  image  of  the  leaf 
to  travel  between  the  points  b  and  c  on  the 
screen. 

The  supports  for  the  source  of  radiation, 
filter,  and  tissue,  are  made  of  hard  rubber 
and  very  thin  mica,  as  shown  at  AB.  They 
are  placed  at  such  a  distance  from  C  that  the 
source  of  radiation  is  practically  at  the  apex 
of  the  cone.  In  this  manner  the  beam  of  rays 
which  enters  the  cone  fills  the  whole  cham- 
ber. The  metallic  filters  are  placed  just  aboye 
the  radioactive  source;  the  tissue  is  placed 
on  the  mica  window  B  which  is  1.5  cm.  above 
the  support  for  the  filters.  With  this  arrange- 
ment it  is  possible  to  change  the  filter  with- 
out disturbing  the  tissue  in  any  way.  The 
lower  end  of  the  ionization  chamber  Is  closed 
by  a  very  thin  sheet  of  mica. 

The  radiation  we  wish  to  measure  is  only 
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the  beam  which  enters  the  ionization  cham- 
ber. It  is  necessary,  therefore,  to  shield  the 
electroscope  itself  from  the  radiation  which 
the  source  emits  in  all  directions.  For  this 
purpose  a  thick  block  of  lead  is  interposed 
between  the  source  and  the  electroscope,  and 
the  latter  is  so  constructed  that  no  stray 
radiation  can  enter  it.  The  brass  tubes  are 
filled  with  paraffin  for  the  same  purpose  of 
limiting  the  effect  of  the  radiation  to  the  air 
in  the  ionization  chamber  proper.  The  instru- 
ment was  tested  to  see  whether  the  shield- 
ing was  sufficient,  and  it  was  found  that  the 
effect  on  the  electroscope  which  was  not  due 
to  the  ionization  chamber  was  negligible. 
Account  had  to  be  taken,  however,  of  the 
"natural  leak"  of  the  instrument,  that  is,  of 
the  slow  discharge  of  the  electroscope  leaf 
when  the  source  of  radiation  which  we 
wished  to  investigate  was  not  present.  This 
correction  is  made  by  subtracting  the  rate  of 
fall  of  the  leaf  due  to  the  natural  leak  alone 
from  the  rate  of  fall  due  to  the  combined 
effect  of  the  radiation  which  enters  the  ion- 
ization chamber,  and  the  natural  leak. 

It  is  important  to  bear  in  mind  just  what 
we  are  measuring  with  an  apparatus  of  this 
sort,  because  on  that  depend  the  conclusions 
which  we  may  draw  from  the  experimental 
results.  The  cone  of  rays  which  enters  the 
ionization  chamber  ionizes  the  air  in  it.  The 
formation  of  ions  implies  that  energy  is 
being  used  up  in  the  process,  since  work  must 
be  done  to  separate  negative  from  positive 
electricity  on  account  of  the  force  of  attrac- 
tion between  the  two.  This  energy  is  supplied 
by  the  radiation.  The  difference  of  potential 
between  the  wire  and  the  walls  of  the  ioniza- 
tion chamber  is  sufficient  to  cause  the  posi- 
tive and  negative  ions  to  be  separated  from 
each  other  as  soon  as  they  are  formed,  thus 
preventing  their  recombination.  Under  these 
conditions  the  electric  current  thus  produced 
is  proportional  to  the  number  of  ions  pro- 
duced per  second,  which  is  a  measure  of  the 
energy  absorbed  by  the  air  in  the  chamber. 
The  electroscope,  used  in  conjunction  with  a 
stopwatch,  measures  this  ionization  current. 
Consequently  the  readings  which  we  obtain 


in  this  manner  are  proportional  to  the  energy 
absorbed. 

The  physiological  action  of  radiation  is 
dependent  to  a  considerable  extent  on  the 
amount  of  energy  absorbed  by  the  radiated 
tissue.  It  is  evident,  therefore,  that  ionization 
methods  of  measurement  offer  a  good  basis 
for  the  correlation  of  the  physical  factors  of 
the  dose  of  radiation  administered  and  the 
physiological  effects  produced  thereby.  The 
method,  however,  has  its  limitations,  which 
should  be  clearly  recognized.  In  the  first 
place,  the  medium  in  which  the  ionization  is 
measured  is  a  gas,  and  not  tissue.  When  the 
constituents  of  the  gas  do  not  differ  very 
much  in  atomic  weight  and  relative  propor- 
tions from  the  constituents  of  tissue,  the  ab- 
sorption of  radiation,  mass  per  mass,  is  sub- 
stantially the  same.  If  we  assume  this  to  be 
true  in  the  case  of  air,  the  thickness  of  tissue 
equivalent  to  the  air  in  the  ionization  cham- 
ber of  these  experiments  is  about  0.6  mm. 
Secondly,  the  ionization  of  the  air  in  the 
chamber  consists  of  two  parts,  that  produced 
directly  by  the  passage  of  the  beam  of  radia- 
tion through  the  air,  and  that  produced  by 
the  scattered  and  secondary  radiation  ex- 
cited by  the  rays  which  impinge  on  the  walls 
of  the  chamber.  When  a  metal  ionization 
chamber  is  used,  as  in  this  case,  the  second 
term  may  be  very  important,  according  to 
the  character  of  the  radiation.  Thirdly,  the 
scattered  and  secondary  radiations,  which 
contribute  to  the  effect  in  a  deep-seated 
tumor,  for  instance,  are  quite  different 
from  their  counterparts  in  the  ionization 
chamber.  These  are  the  main  physical  differ- 
ences between  the  conditions  obtaining  in 
laboratory  experiments  and  in  the  treatment 
of  patients.  It  is  evident,  however,  that  there 
are  greater  differences  which  are  independ- 
ent of  physical  conditions,  but  which  are  due 
to  the  inherent  peculiarities  of  living  matter. 
The  physiological  action  of  radiation  de- 
pends not  only  on  what  takes  place  in  the 
radiated  tissue,  but  also  on  the  reaction  of 
the  whole  system.  Naturally  we  cannot  simu- 
late this  in  physical  experiments.  Hence,  in 
order  to  make  practical  application  of  the 
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results  obtained  from  physical  experiments, 
it  is  necessary  to  conduct  physiological  ex- 
periments complementary  to  the  former. 

EXPERIMENTAL    PROCEDURE 

To  determine  the  absorption  of  radiation 
by  tissue  it  was  necessary  to  have  uniform 
parallel  slices  of  tissue  about  5  cm.  square. 
The  thicker  slices  were  cut  by  hand,  using 
a  knife  with  a  wide  blade.  The  thin  slices 


case  of  a  very  soft  tissue,  because  its  weight 
flattened  the  bottom  layers.  The  density  of 
the  tissue  was  determined  as  follows:  The 
tissue,  in  one  or  several  pieces,  was  weighed 
with  an  accurate  balance.  Its  volume  was 
then  determined  by  measuring  the  amount  of 
water  which  it  displaced,  and  the  density 
obtained  by  dividing  the  mass  by  the  volume. 
The  weight  of  the  tissue  used  for  this  de- 
termination was  in  every  case  several  hun- 
dred srrams.  For  the  metals  and  solid  bone 


Fig.  I.    Projection  of  Go/d Leaf  on  Grounol  Glass  Screen 


were  cut  by  means  of  a  meat-slicing  machine 
with  a  specially  ground  knife,  after  the  tissue 
had  been  frozen  hard.  Tissue  hardened  in 
formalin  could  be  cut  with  this  machine 
without  trouble.  The  thickness  of  the  slices 
of  tissue  was  determined  by  placing  each 
between  two  thin  sheets  of  lead  and  measur- 
ing the  total  thickness  with  a  micrometer 
caliper.  When  the  thickness  of  tissue  on  the 
mica  support  was  several  centimeters,  the 
total  thickness  was  checked  by  placing  a 
steel  scale  against  the  pile  of  tissue.  This 
procedure  was   especially  necessary  in  the 


the  volume  was  calculated  from  the  dimen- 
sions of  a  rectangular  slab  of  the  material. 
The  source  of  radiation  used  for  these 
experiments  was  radium  emanation  enclosed 
in  capillary  glass  tubes  about  0.5  mm.  in  out- 
side diameter  and  14  mm.  long.  While  the 
wall  thickness  of  these  tubes  is  sufficiently 
great  (about  o.i  to  0.15  mm.)  to  absorb  the 
alpha  rays,  it  has  little  effect  on  the  beta  and 
gamma  radiations.  If  such  a  tube,  containing 
a  suitable  amount  of  emanation,  is  placed  at 
A  in  the  apparatus  of  Figure  i,  the  radiation 
will  go  through  the  very  thin  mica  sheets  at 
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B  and  C  and  will  enter  the  ionization  cham- 
ber without  appreciable  absorption.  There  it 
will  ionize  the  air,  and  the  electroscope  will 
measure  the  ionization  thus  produced.  Let  us 
arbitrarily  call  the  intensity  of  ionization  in 
this  case  lOO  units.  If  we  place  a  slice  of 
tissue  I  mm.  thick  on  B,  the  radiation  which 
enters  the  ionization  chamber  is  only  that 
part  of  the  original  beam  which  succeeded  in 
getting  through  i  mm.  of  tissue.  This  pro- 
duces an  ionization  of  43  units  in  the  cham- 
ber as  measured  by  the  electroscope.  The 
addition  of  another  millimeter  of  tissue  (a 
total  thickness  of  2  mm.)  reduces  the  ioniza- 
tion to  27  units.  Continuing  in  this  manner, 
for  larger  thicknesses  of  tissue,  we  obtain 
values  of  the  intensity  of  ionization  for 
dififerent  thicknesses  of  tissue  interposed  be- 
tween the  source  of  radiation  and  the  ioniza- 
tion chamber.  The  results  are^shown  graphic- 
ally by  curve  A  in  Figures  3  and  4.  A  similar 
procedure  using  a  metal  or  a  metallic  filter 
and  tissue  enables  us  to  obtain  the  alDsorption 
curves  shown  in  Figures  2,  3,  and  4. 

DISCUSSIOX  OF  ABSORPTION  CURVES 

In  these  experiments  the  ionization  pro- 
duced by  the  total  radiation,  beta  and 
gamma,  emitted  by  an  emanation  tube,  was 
assumed  to  be  100  units.  All  other  readings, 
therefore,  represent  percentages  of  the  total 
radiation.  As  the  range  of  values  to  be  in- 
corporated in  the  absorption  chart  is  large, 
it  was  thought  best  to  use  a  logarithmic  scale. 
In  this  way,  as  the  values  decrease  the  scale 
is  automatically  increased.  Furthermore,  a 
logarithmic  scale  has  the  important  advan- 
tage that  it  enables  us  to  tell  at  a  glance  when 
the  radiation  becomes  "homogeneous,"  be- 
cause in  this  case  the  absorption  curve  is  a 
straight  line.  For  our  purposes  the  radiation 
is  homogeneous  when  successive  equal  lavers 
of  tissue  absorb  the  same  percentage  of  the 
radiation  which  reaches  them.  This  means 
that  the  quality  of  the  radiation  remains  sub- 
stantially the  same  as  it  goes  through  the 
filter  or  tissue. 

In   Figure   2   are   shown   the   absorption 


curves  for  different  metals.  It  will  be  seen 
that  the  curves  for  metals  of  medium  or  low 
atomic  weight  become  straight  lines  beyond 
a  thickness  of  metal  of  a  few  millimeters. 
The  curve  for  lead,  on  the  other  hand,  does 
not  become  straight  in  the  range  of  thick- 
ness shown  in  the  chart.  The  mathematical 
law  of  absorption  which  applies  to  the 
straight  part  of  the  curve  is 
I  =  I„e-/xd 

where  lo^  intensity  of  radiation  falling  on 
filter, 
I  =  intensity   of    radiation    passing 

through  the  filter, 
d  =  thickness  of  filter, 
e  =  Naperian  base  of  logarithms, 
/x,  =  the  coefficient  of  absorption. 
The   coefficient  of   absorption  represents 
the  fraction  of  the  incident  radiation  which 
is  absorbed  or  scattered  per  unit  thickness  of 
filter.*   For  the  same  quality  of  radiation, 
this  is  different  for  different  absorbers,  and 
for  the  same  absorber  it  is  different  for  dif- 
ferent qualities  of  radiation.  In  the  case  of 
aluminum,  for  instance,  the  value  obtained 
from   the  curve  of   Figure   2   is  o.ii,   and 
therefore  1 1  %  of  the  gamma  radiation  is  ab- 
sorbed per  centimeter  of  aluminum.    (The 
value  given  by  Soddy  and  RusseP  is  o.iii, 
and    by    Rutherford    and    Richardson"    is 
0.115.)  In  the  case  of  brass  the  value  of /^ 
for  gamma  rays  is  0.35,  so  that  brass  ab- 

0.35  ,. 

sorbs  — ^ — =  ■\.2  tmies  more  gamma  radia- 
o.ii        ^ 

tion  per  unit  thickness  than  aluminum.  The 

thickness  of  lead  used  in  these  experiments 

(2  cm.)  was  not  sufficient  to  give  a  straight 

line  in  the  absorption  curve.  Hence  it  is  not 

strictly  correct  to  speak  of  a  coefficient  of 

absorption  for  this  curve.  However,  if  we 

make  the  calculation  for  the  last  part  of  the 

curve  we  find  that  m  equals  0.58,  which  is 

somewhat  higher  than  the  value  of  0.5  given 

by  Rutherford."  This  shows  that  the  hard- 

*  In  thinkinsr  of  the  coefficient  of  absorption  in  these 
terms,  care  should  he  exercised  to  choose  a  unit  o£ 
thickness  which  will  make  the  amount  of  radiation 
absorbed  by  a  filter  of  unit  thickness  a  small  fraction 
of  the  incident  radiation. 
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ness  of  the  gamma  radiation  from  radium 
increases  with  the  thickness  of  filter  beyond 
2  cm.  of  lead.  In  fact,  from  the  experiments 
of  Tuomikoski*  and  others,  it  appears  that 
the  penetration  of  the  gamma  radiation  of 
radium  increases  even  after  filtration  by  sev- 
eral centimeters  of  lead.  Such  excessive  fil- 
tration, however,  is  entirely  out  of  the  ques- 


the  aluminum  and  brass  curves  become 
straight  lines  beyond  a  thickness  of  a  few 
milllimeters  indicates  that  radium  radiation 
filtered  through  6  mm.  of  aluminum  or  2 
mm.  of  brass  is  sufficiently  homogeneous  to 
be  absorbed  by  these  metals  according  to 
the  exponential  law  given  above,  within 
the  range  of  thicknesses  shown  in  Figure  2. 


Figure  2. 


tion  in  radium  therapy,  on  account  of  the 
weight  of  the  filter  and  the  diminution  of 
the  quantity  of  radiation  which  passes 
through  it.  Even  for  20  mm.  of  lead  the 
ionization  produced  by  the  transmitted  radia- 
tion is  only  1.5%  of  the  value  for  the  un- 
filtered  beta  and  gamma  radiation,  and  less 
than  54  the  value  for  radiation  through  i 
mm.  of  lead. 

Fortunately  no  such  filtration  is  necessary 
in  therapy.  In  the  first  place,  the  fact  that 


The  reason  is  that  for  substances  of  low 
atomic  weight  the  coefficients  of  absorption 
as  here  defined  do  not  vary  much  with  the 
wave  length,  for  gamma  radiation  of  the 
quality  considered.^  A  fortiori  this  is  true  of 
the  absorption  of  tissue,  the  principal  con- 
stituents of  which  are  much  lighter  than 
these  metals.  Iji  the  case  of  lead,  the  mechan- 
ism of  absorption  is  further  complicated  by 
the  fact  that  the  element  is  an  isotope  of 
Radium  B.* 
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In  Figures  3  and  4  are  shown  the  curves 
of  absorption  by  tissue  of  the  radiation  fil- 
tered through  different  thicknesses  of  brass 
and  lead  respectively.  The  circles  indicate 
the  points  which  were  experimentally  de- 
termined. The  largest  thickness  of  tissue 
used  in  these  experiments  was  about  7  cm. 
For  this  reason  the  prolongation  of  the 
curves  to  10  cm.  is  shown  in  dotted  lines. 
We  are  justified  in  extrapolating  to  10  cm. 
because  many  other  curves  we  have  obtained 
in  the  course  of  our  work,  using  up  to  9  or 
10  cm.  of  tissue,  have  been  straight  lines, 
within  the  limits  of  experimental  error. 
In  either  chart  the  highest  curve  is  for  the 
total  radiation,  beta  and  gamma,  emitted  by 
the  small  capillary  glass  tube  containing  ra- 
dium emanation.  It  will  be  seen  that  there 
is  a  sharp  bend  in  the  curse  corresponding 
to  a  thickness  of  about  i  cm.  of  tissue.  This 
is  the  point  at  which  a  transition  occurs  in 
the  quality  of  the  radiation,  from  a  prepon- 
derance of  beta  and  soft  gamma  rays  to  a 
preponderance  of  hard  gamma  rays.  The 
presence  of  soft  radiation  is  evident,  how- 
ever, even  up  to  thicknesses  of  tissue  of  5  or 
6  cm.     ^ 

The  lowest  curve,  F,  in  either  set  repre- 
sents the  absorption  of  radiation  by  the  metal 
filter  alone.  These  curves  are  the  same  as 
shown  in  Figure  2,  but  plotted  to  a  different 
scale.  The  absorption  cur\-es  for  filtered  radi- 
ation branch  out  from  these  curves.  The 
filters  used  were  approximately  i/<,  1,2,  and 
3  mm.  of  either  brass  or  lead.  For  any  point 
on  the  curve  the  thickness  of  tissue  is  added 
to  the  thickness  of  filter.  Thus  for  the  third 
curv^e,  C,  in  Figure  3,  we  have:  a  brass  filter 
0.96  mm.  thick  reduces  the  ionization  from 
100  to  7.6%,  the  further  addition  of  i  cm.  of 
tissue  brings  the  ionization  to  6.2%,  and  so 
on.  The  curves  are  plotted  in  this  manner 
so  that  each  is  a  complete  absorption  curve, 
starting  with  unfiltered  radiation. 

For  deep  therapy  it  is  essential  to  use 
radiation  which  is  absorbed  exponentiallv  bv 
tissue;  that  is,  radiation  which  is  absorbed 
to  the  same  extent  by  successive  lavers  of 
tissue.  If  this  is  not  the  case,  the  skin  and 


superficial  layers  will  absorb  a  larger  per- 
centage of  the  incident  radiation  than  corre- 
sponding layers  of  tumor  tissue,  and  there- 
fore will  be  affected  more  strongly,  even  if  it 
were  possible  to  use  a  parallel  beam  of  radia- 
tion. As  the  dose  is  adjusted  so  as  xiot  to 
injure  the  skin,  it  follows  that  by  using  a 
filter  w^hich  does  not  give  a  homogeneous 
radiation,  the  tumor  does  not  receive  as 
much  radiation  in  proportion  as  it  would  if 
sufficient  filtration  were  used.  Thus,  if  the 
filter  consists  of  ^  mm.  of  brass,  from 
Figure  3  we  see  that  the  first  centimeter  ab- 

14-5  —  6.4 


sorbs 


14-5 


56%  of  the  incident 


radiation,  the  second  centimeter  absorbs  9%, 
but  the  third  and  each  subsequent  centimeter 
absorbs  only  7.7%.  On  the  other  hand,  using 
2  mm.  of  brass  as  a  filter,  the  first  centimeter 
absorbs  10%,  the  second,  third,  etc.,  7.5%, 
and  the  difference,  which  in  this  case  is  due 
to  the  secondary  radiation  of  brass,^  is  small. 
The  further  addition  of  a  secondary  filter  of 
2  or  3  mm,  of  rubber,  which  has  about  the 
same  absorbing  power  as  tissue,  makes  the 
percentage  absorbed  by  the  first  and  succes- 
sive centimeters  of  tissue  the  same. 

The  criterion  for  the  exponential  absorp- 
tion of  radiation  is  that  the  absorption  curve, 
when  plotted  to  a  logarithmic  scale,  be  a 
straight  line.  From  Figures  3  and  4,  there- 
fore, we  can  determine  what  filtration  to  use 
to  fulfill  this  condition.  Evidently  there  is 
more  than  one  choice.  However,  not  all  pos- 
sible combinations  of  primary  and  secondary 
filter  which  could  be  used  are  equally  eco- 
nomical. In  the  first  place,  it  will  be  seen 
that  in  no  case  is  the  absorption  curve  a 
straight  line  when  the  ionization  is  over  6%. 
This  means  that  at  best  we  can  use  for  deep 
therapy  only  6%  of  the  radiation  emitted  by 
the  bare  glass  tube.  At  this  point  it  is  inter- 
esting to  note  that  when  tissue  is  used  as  the 
absorber,  the  absorption  is  not  exponential 
up  to  a  thickness  of  about  5  cm.  Accordingly 
if  tissue  or  some  organic  substance  of  about 
the  same  density  were  used  for  deep  therapy, 
a  thickness  of  five  or  more  centimeters  would 
be  necessarv.  Aside  from  the  inconvenience 
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CURVES  SHOWING  ABSORPTION  BY  TISSUE  OF 
RADIATION  FILTERED  THROUGH  BRASS 

A  Tissue  alone 

B  0.48  mm.  Brass  plus  Tissue 

C  C.96  mm.  Brass  plus  Tissue 

D  I  92  mm.  Brass  plus  Tissue 

E  3.04  mm.  Brass  plus  Tissue 

F  Brass  alone 
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of  such  a  bulky  filter,  its  use  would  entail  an 
unnecessary  loss  of  radiation,  because  the 
ionization  produced  by  radiation  filtered 
through  5  cm.  of  tissue  is  4.8%,  while  other 
filters  can  give  6%.  The  reason  for  this  is 
that  the  diminution  of  the  intensity  of  the 
beam  of  radiation  passing  through  a  filter  of 
low  atomic  weight  is  primarily  due  to  the 
scattering  of  the  radiation  and  not  to  true 
absorption.  Since  the  scattering  by  sub- 
stances of  low  atomic  weight  is  not  very  dif- 
ferent for  the  different  qualities  of  radiation, 
the  softer  components  of  the  beam  of  radia- 
tion are  not  effectively  eliminated  in  this 
manner.  Hence  substances  of  low  atomic 
weight  are  not  efficient  filters,^  and  the  large 
thickness  recjuired  to  obtain  the  proper  filtra- 
tion causes  undue  scattering  and  absorption 
of  the  penetrating  radiation  as  well.  This 
brings  out  the  desirability  of  using  a  metalic 
filter.  In  general  an  additional  filter  of  low 
atomic  weight  is  necessary  to  remove  the 
soft,  secondary  radiation  of  the  metal. '^ 

The  straight  line  parts  of  the  curves  of 
Figures  3  and  4  are  not  parallel,  but  nearly 
so.  This  means  that  filtration  by  different 
thicknesses  of  the  same  metal  changes  the 
penetrating  power  of  the  radiation  some- 
what. The  magnitude  of  this  change  can  be 
seen  from  Table  II,  in  the  column  for  the 
percentage  of  radiation  absorbed  by  i  cm.  of 
tissue.  Thus,  when  the  filter  is  ^  mm.  of 
brass,  i  cm.  of  tissue  absorbs  7-7%,  while 
for  3  mm.  of  lead  filtration  the  correspond- 
ing value  is  7.1  %.  The  radiation  in  the  latter 
case  is  more  penetrating  than  the  former.  If 
we  increase  the  filtration  considerably,  the 
penetrating  power  of  the  radiation  can  be 
increased  further. 

In  deep  therapy  there  are  two  factors 
which  affect  the  amount  of  radiation  which 
reaches  the  tumor:  the  distance  of  the  tumor 
from  the  source  of  radiation- and  the  absorp- 
tion of  part  of  the  radiation  Ijy  the  interven- 
ing layers  of  tissue.  For  any  one  set  of  con- 
ditions, that  is,  distance  of  source  from  skin, 
strength  and  distribution  of  source,  and 
depth  of  tumor,  the  quantity  of  radiation 
which  reaches  the  tumor  depends  on  the  pen- 


etrating power  of  the  radiation.  The  more 
penetrating  the  radiation,  the  more  of  it  will 
reach  the  tumor.  From  this  point  of  view, 
therefore,  it  is  obvious  that  it  is  desirable  to 
use  the  most  penetrating  radiation  available. 
This,  however,  is  not  the  only  consideration 
involved  in  the  problem.  When  radium  is 
used  as  the  source  of  radiation,  the  only 
means  of  obtaining  a  more  penetrating  radia- 
tion is  the  use  of  a  heavier  filter,  which  of 
necessity  entails  a  decrease  in  the  amount  of 
the  available  radiation.  Furthermore,  the 
limiting  factor  in  deep  therapy  is  the  effect 
on  the  skin,  since  this  is  always  greater  than 
in  deep  layers,  neglecting  any  difference  in 
susceptibility  which  may  exist  between  dif- 
ferent tissues.  Therefore  it  is  important  to 
know  what  fraction  of  the  radiation  which 
falls  on  the  skin  reaches  the  tumor.  The 
maximum  value  of  this  fraction  is  deter- 
mined by  the  relative  distances  of  the  skin 
and  tumor  from  the  source.  Thus,  if  a  point 
source  of  radiation  is  placed  at  a  distance  of 
3  cm.  from  the  skin,  and  the  farthest  point 
of  the  tumor  is  3  cm.  below  the  skin,  (i.e.,  6 
cm.  from  the  source)  the  most  that  the  tu- 
mor can  receive  is  ^  as  much  as  the  skin. 
This  is  on  the  assumption,  which  can  never 
be  realized  in  practice,  that  the  3  cm.  of  tis- 
sue intervening  between  the  source  and  the 
back  of  the  tumor  do  not  absorb  any  radia- 
tion at  all.  Allowing  for  the  absorption  by 
the  tissue  of  radiation  filtered  through  i  mm. 
of  brass  plus  8  mm.  of  rubber,  we  find  that 
the  distant  parts  of  the  tumor  receive  19.9% 
of  the  radiation  which  falls  on  the  skin,  in- 
stead of  25%.  Using  a  filter  of  3  mm.  of  lead 
plus  7  mm.  of  rubber,  the  radiation  at  the 
back  of  the  tumor  will  increase  from  19.9% 
to  20.2%;  that  is,  it  will  be  1.5%  greater 
for  the  same  skin  dose.  This,  however,  will 
decrease  the  intensity  of  the  source  of  radia- 
tion from  6.3%  to  4.6%,  or  27%,  so  that  in 
order  to  obtain  the  same  skin  dose  using  the 
same  amount  of  radium  the  duration  of 
the  application  must  be  prolonged  27%.  The 
advantage  of  getting  1.5%  more  radiation 
in  the  tumor  may  offset  the  disadvantage  of 
a  longer  exposure,  but.  is  there  any  other 
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way  of  accomplishing  the  same  purpose  with 
greater  economy?  The  relative  amount  of 
radiation  which  reaches  the  tumor  can  be 
increased  also  by  placing  the  radium  at  a 
greater  distance  from  the  skin  while  still 
using  the  same  filtration  as  in  the  first  case. 
Let  us  determine  what  this  distance  should 
be  in  order  to  have  1.5%  more  radiation  in 
the  tumor,  that  is,  20.2%  of  the  amount 
reaching  the  skin.  Figure  5  shows  the  nota- 
tion used  below.  The  percentage  of  the  skin 
radiation  which  reaches  the  tumor  is  given 


by  the  expression 


lOOX" 


■j  X   e-ytid.  If  this 
0.0755,  then 


(x+z)^ 

is  to  be  20.2%  when  z  =  3,  )u 

100  X- 
7^^j—pX  0.797=20.2,  whence  x=3. 1  cm. 

Therefore  in  this  particular  case  an  increase 
of  0.1  cm.  in  the  distance  of  the  applicator  is 
sufficient  to  increase  the  tumor  radiation 
1.5%.  To  get  the  same  skin  dose  the  time 
will  now  have  to  be  increased  in  the  ratio 

(3-1)' 

— -^ — =1.068,  or  less  than  7%.  Since  in 

using  a  ^higher  filtration  we  found  that  the 
time  of  application  had  to  be  increased  2"/%, 
it  is  evident  that  the  same  result  can  be  ob- 
tained more  economically  by  increasing  the 
distance.  This  example  has  been  worked  out 
to  illustrate  this  point.  In  practice,  however, 
an  increase  of  1.5%  would  be  insignificant. 
If  we  had  considered  the  dose  at  a  much 
greater  depth,  the  effect  of  a  higher  filtration 
would  have  been  larger,  and  the  adjustment 
in  distance  to  get  the  same  result  would  have 
been  necessary. 

From  the  law  of  conservation  of  energy 
it  follows  that,  in  order  to  affect  the  tissue, 
some  of  the  radiant  energy  traversing  the 
tissue  must  be  absorbed  by  it.  In  fact,  as 
stated  in  the  first  part  of  the  paper,  there  is 
considerable  evidence  tending  to  show  that 
the  physiological  effect  is  dependent  on  the 
amount  of  radiation  absorbed  by  the  tissue. 
From  this  point  of  view,  then,  there  is  an 
advantage  in  using  radiation  which  is  more 
easily  absorbed  by  tissue,  provided  we  can 
obtain  the  same  ratio  between  the  skin  dose 


and  the  tumor  dose,  by  properly  adjusting 
the  distance  of  the  applicator.  This  simply 
means  that  for  the  same  total  amount  of 
radiation  falling  on  the  skin  a  given  physio- 
logical effect  can  be  obtained  in  a  shorter 
time  in  the  case  of  the  softer  radiation.  As, 
however,  the  time  element  does  not  influence 
the  ratio  between  the  skin  dose  and  the  deep 
dose,  it  will  be  seen  that  the  fact  that  tissue 
absorbs  more  of  the  softer  radiation  does  not 
tend  to  increase  the  deep  dose  in  comparison 
to  the  skin  dose.  On  the  contrary,  it  is  very 
effective  in  decreasing  the  amount  of  radia- 
tion which  reaches  the  deeper  layers  of 
tissue.* 

In  the  light  of  what  has  just  been  said,  it 
is  reasonable  to  ask :  Can  we  obtain  the  same 
relative  dose  of  radiation  at  a  certain  depth 
of  tissue  by  using  .ar-rays  and  placing  the 
tube  at  a  greater  distance  from  the  skin  ?  The 
answer  to  this  question  depends  entirely  on 
the  quality  of  the  ,r-radiation  available.  In 
the  example  given  above  it  will  be  seen  that 
the  controlling  element  was  the  "dispersion" 
of  the  radiation  and  not  the  absorption.  Con- 
sidering the  effect  of  distance  alone,  the  dose 
at  a  depth  of  3  cm.  was  only  25%  of  the 
dose  on  the  skin,  that  is,  there  was  a  loss  of 
75%.  On  the  other  hand,  the  loss  due  to 
absorption  by  3  cm.  of  tissue  was  20.3%, 
which  is  small  in  comparison.  In  the  case  of 
.r-rays  the  conditions  are  reversed.  The  tar- 
get-skin distance  probably,  would  not  be  less 
than  20  cm.  Then  for  a  tissue  depth  of  3  cm. 
the   dose,   neglecting  absorption,   would  be 

7 — V2"  ^^  75-7%  of  the  skin  dose.  To  get 

the  same  percentage  of  the  radiation  as  in 
the  previous  case,  that  is  20%,  we  can  now 
afford  to  lose  55.7%  through  absorption. 
Using  the  same  equation  as  before  we  can 


*  In  working  out  the  above  example  no  account 
was  taken  of  the  above  mentioned  effect  of  the 
quality  of  the  radiation  on  the  time  of  irradiation. 
This  is  justified  because  the  quality  of  the  radiation 
in  the  two  cases  was  only  slightly  different,  and  under 
these  conditions  the  ionization  method  of  obtaining 
the  absorption  curves  used  in  solving  the  problem 
automatically  compensates  for  the  difference  in  the 
absorption  of  the  two  types  of  radiation. 
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determine  the  degree  of  penetration  which 
the  .r-rays  must  have  in  order  to  get  at  a 
depth  of  3  cm.,  20%  of  the  radiation  falling 
on  the  skin. 


X  =  20,  z 


100  X  20- 


e-3/x  =  20.  There- 


Table  I  gives  the  relative  amounts  of  radia- 
tion reaching  different  tissue  depths  for  dif- 
ferent conditions  of  application. 

A  comparison  of  columns  F,  B,  and  D 
shows  that  when  the  distance  of  application 


(20  +  3)^ 

fore  jti  =  0.443.  That  is,  when  a  homogen- 
0443 


is  increased  from  _ 
tion  at  a  depth  of 


to  20  cm.,  the  radia- 
3   cm.    increases   from 


eous  ,r-radiation  is 


5.87  times  less 


0.0775 

penetrating  than  the  gamma  rays,  and  the 
target  is  at  a  distance  of  20  cm.  from  the 
skin,  we  get  at  a  depth  of  3  cm.  of  tissue 
20%  of  the  radiation  falling  on  the  skin. 
If,  however,  for  the  purpose  of  comparison, 
we  place  our  radium  source  at  a  distance  of 
20  cm.  then  the  dose  at  a  depth  of  3  cm.  is 
60%  of  the  skin  dose  instead  of  20%.*  In 
practice  it  is  desirable  to  have  as  little  differ- 
ence as  possible  between  the  skin  dose  and 
the  tumor  dose.  This  condition  would  obtain 
if  the  source  were  placed  at  a  great  distance 
from  the  skin ;  that  is,  for  parallel  rays.  Then 
the  only  factor  which  limits  the  radiation  at 
any  depth  is  the  absorption.  If  parallel  radia- 
tion were  used,  we  would  get  at  a  depth  of 
3  cm.  79.7%  of  a  skin  dose  in  the  case  of 
gamma  rays,  and  26.4%  in  the  case  of  .^--rays 
six  times  less  penetrating  than  gamma  rays.f 


source. 


Fig.  5.  Diagram  showing  relative  positions  of  tumor, 
skin  and  source  of  radiation. 


19.9%  to  60.2%,  while  the  theoretical  maxi- 
mum for  infinite  distance  is  79.7%.  From 
this  we  see  that  when  the  distance  of  appli- 
cation is  great  in  comparison  to  the  tissue 
depth,  further  increase  in  the  distance  is  of 
little  help  in  increasing  the  tumor  dose.  The 
values  in  columns  F  and  G  show  that  when 


TABLE  I 


A 

B 

C 

D 

E 

F 

G 

Tissue 

Source  20  cm.  from  skin 

Source  at  infinite  distance 

Ra.  3  cm. 

Target  20  cm. 

depth  cm. 

from  skin 

from    skin 
X-rays 

Gamma  rays 

X-rays 

Gamma  rays 

X-rays 

Gamma  rays 

/A  =  0.0755 

(i  —  0.443 

^  =  0.0755 

fx  —  0.443 

,x  =  0.0755 

fx.  =  0.443 

0 

100 

100 

100 

100 

100 

100 

I 

84.2 

58.4 

92.8 

64.3 

52.2 

58.4 

2 

71.0 

340 

85.9 

41. 1 

31-0 

34-0 

3 

60.2 

20.0 

79-7 

26.4 

19.9 

20.0 

4 

51-2 

11.8 

73-9 

17.0 

13-6 

11.8 

5 

43-8 

7.0 

68.5 

10.9 

9.6 

7.0 

7 

i^-i 

2.5 

58.9 

4-5 

5-3 

2.5 

*  Whence  we  see  the  advantage  of  using  a  more 
penetrating  radiation  when  the  conditions  of  appli- 
cation are  the  same. 

t  The  filtered  jr-radiation  used  at  the  present  time 
for  deep  therapy  is  about  twice  as  penetrating  as  the 
.;r-rays  of  this  example,  and  less  than  one  third  as 
penetrating  as  the  gamma  radiation  of  radium  when 
the  filter  is  2  mm.  of  brass. 


the  distances  are  adjusted  so  as  to  get  the 
same  skin  dose  and  the  same  tumor  dose  at  a 
depth  of  3  cm.,  using  radiation  of  different 
degrees  of  hardness,  the  doses  are  not  the 
same  at  any  other  tissue  depth,  and  especially 
at  greater  depths  than  the  one  for  which  the 
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doses  are  the  same  (3  cm.).  The  more  pene- 
trating radiation  "wins  out."  This  may  be 
an  advantage  or  a  disadvantage  according  to 
the  conditions.* 

There  are  some  limitations  to  the  applica- 
bihty  of  the  results  so  far  obtained  which 
should  be  mentioned  at  this  point.  The  most 
important  is  the  effect  of  the  scattered  and 
secondary  radiation  on  the  tumor  dose.  The 
amount  of  radiation  which  reaches  the  tumor 
may  be  divided  into  two  parts  ( i )  that  which 
travels  in  a  straight  line  from  the  source  to 
the  tumor,  and  (2)  that  which  reaches  the 
tumor  in  a  roundabout  way.  The  latter  is 
composed  of  (a)  the  radiation  which  is  scat- 
tered, that  is,  deflected  from  its  straight  line 
path  by  the  tissue  surrounding  the  tumor, 
and  (b)  the  secondary  radiation  which  is  set 
up  in  the  tumor  by  the  primary  beam.  The 
relative  amounts  of    (i)    and    (2)    depend 
on  the  depth  of  the  tumor,  the  latter  becom- 
ing more  important  as  the  depth  increases. 
The  method  of  measurement  adopted   for 
these  experiments  enables  us  to  measure  only 
the  amount  of  the  primary  radiation  which 
reaches  a  certain  depth  of  tissue.  The  data 
thus  obtained,  therefore,  enable  us  to  calcu- 
late the  minimum  amount  of  radiation  which 
reaches  a  given  tumor  under  the  conditions 
of  application.  The  upper  limit  is  obtained 
by  neglecting  the  absorption  of  radiation  by 
tissue  and  calculating  the  effect  of  distance 
alone.  The  actual  radiation  which  reaches  a 
certain  depth  of  tissue  is  between  these  two 
limits.  It  can  be  determined  by  using  a  differ- 
ent   experimental    arrangement,    which    we 
hope  to  do  in  the  near  future. 

Another  limitation  is  imposed  by  the  use 

*  From  the  preceding  discussion  we  see  that,  within 
certain  limits,  we  can  get  the  same  amount  of  radia- 
tion at  a  given  depth  of  tissue  for  the  same  skin 
dose  by  using  radiation  of  distinctly  different  pene- 
trating power,  provided  the  distance  of  application 
is  suitably  chosen.  Whether  we  would  get  the  same 
physiological  effect  is  a  different  matter,  and  one 
which  cannot  be  determined  by  physical  experiments 
alone.  The  question  really  is  whether  the  physio- 
logical effect  is  independent  of  the  quality  of  the 
radiation.  At  the  present  time  this  is  not  definitely 
known,  but  the  scanty  evidence  available  in  the  litera- 
ture seems  to  support  the  conclusion  that  within  cer- 
tain hmits  it  is  independent  of  the  quality. 


of  a  metallic  ionization  chamber,  as  discussed 
in  the  first  part  of  the  paper.  This,  however, 
influences  our  results  only  when  the  quality 
of  the  radiation  whose  absorption  we  are 
measuring  is  changed  appreciably  in  passing 
through  the  tissue  used  as  the  absorber.  As 
this  does  not  occur  in  the  case  of  the  pene- 
trating radiation  used  in  deep  therapy,  no 
error  is  introduced  in  using,  for  this  purpose, 
the  data  here  obtained.  But  it  is  not  possible 
to  use  these  absorption  curves  to  determine 
accurately  the  beta  ray  dose  for  the  skin 
from  a  knowledge  of  the  gamma  ray  dose, 
or  vice  versa.  For  instance,  if  the  ionization 
value  of  the  bare  emanation  tube  is  100%, 
and  for  a  tube  screened  by  2  mm.  of  brass  it 
is  6.7%  (Figure  3,  curve  D),  it  is  not  cor- 
rect to  assume  that,  other  conditions  being 
the  same,  the  time  of  exposure  to  produce 
the  same  superficial  effect  in  the  case  of  the 

100 
screened  tube  would  be       -^ —  or   i  s  times 

6.7  -^ 

longer  than  in  the  case  of  the  bare  tube.  The 
two  have  to  be  determined  independently  by 
physiological  experimentation.  The  curves 
enable  us  to  make  a  first  approximation  to 
the  doses  for  various  qualities  of  radiation ; 
the  correct  values  can  be  obtained  by  actual 
trial. 

There  is  another  point  which  requires 
further  elucidation,  that  is,  the  significance 
of  the  ionization  values  given  in  the  charts. 
A  given  quantity  of  radium  emits  radiation 
in  all  directions.  The  amount  of  radiant 
energy  which  passes  through  a  surface 
of  unit  area  perpendicular  to  the  line  of 
propagation  'represents  the  intensity  of  the 
radiation  at  this  surface,  independently  of 
the  quality  of  the  radiation  under  considera- 
tion. But  if  we  attempted  to  measure  this  in- 
tensity using  ordinary  ionization  methods, 
the  value  we  would  obtain  would  depend  to 
a  great  extent  on  the  quality  of  the  radiation. 
For  instance,  for  beta  rays,  we  could  have 
an  ionization  chamber  in  which  the  gas 
would  absorb  all  the  radiation  entering  it, 
but  for  gamma  rays  only  a  fraction  of  the 
total  radiation  would  be  absorbed.  In  the 
latter  case,  then,  we  would  not  be  measuring 
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the  intensity  of  the  radiation.  To  take  the 
extreme  case,  if  there  were  radiation  which 
would  not  be  absorbed  at  all  by  matter,  then, 
however  strong  the  source  might  be,  we 
would  never  detect  it  by  the  means  at  our 
disposal,  or,  in  fact,  by  any  other  means,  if 
the  law  of  conservation  of  energy  is  to  hold. 
For  this  reason,  when  we  are  dealing  with 
radiation  of  different  qualities,  and  espe- 
cially of  different  types,  as  the  beta  and 
gamma  rays,  we  cannot  speak  of  their  rela- 
tive intensities.  Therefore  the  values  on  the 
charts  are  given  in  percentages  of  the  total 
ionization  produced  when  the  emanation  tube 
has  no  additional  filtration,  and  they  do  not 
represent  the  intensity  of  radiation  after 
passing  through  a  filter  or  tissue  or  both,  but 
the  intensity  of  ionization  which  it  produces. 
Accordingly  it  is  not  strictly  correct  to  say 
that  the  radiation  of  an  emanation  tube  is  de- 
creased from  100%  tQ  6%  by  a  filter  of  2 
mm.  of  brass  plus  10  mm.  of  tissue.  The 
radiation,  considering  the  energy  which  is 
associated  with  it,  is  more  than  6%,  but  this 
figure  indicates  the  availability  of  its  energy 
in  affecting  matter.  For  our  purposes  this 
is  not  a  disadvantage,  but  an  advantage.  We 
are  not  concerned  with  the  amount  of  radia- 
tion passing  through  tissue,  but  with  the 
amount  which  is  capable  of  influencing  vital 
processes.  When  the  quality  of  the  radiation 
is  not  materially  changed  by  the  absorber,  it 
is  correct  to  say  that  the  intensity  of  the 
radiation  is  decreased  a  certain  percentage  by 
the  absorber.  In  such  cases  the  factor  of 
proportionality  between  the  energy  of  the 
radiation  and  the  amount  absorbed  remains 
the  same.  In  addition  to  the  effect  of  the 
material  of  the  ionization  chamber  on  the 
percentage  values  given  for  the  different 
thicknesses  of  absorber,  it  should  be  borne 
in  mind  that  the  numerical  values  de- 
pend on  the  quality  of  the  radiation  which 
is  taken  as  producing  100%  ionization.  This 
in  turn  depends  on  the  wall  thickness  of  the 
glass  tube  containing  the  emanation,  which, 
however,  does  not  affect  the  relative  position 
of  the  curves. 

In  Table  II,  column  5,  are  given  the  co- 


efficients of  absorption  for  different  metals 
and  different  tissues.  Little  need  be  added  to 
what  has  already  been  said  about  the  absorp- 
tion by  metals.  The  three  coefficients  given 
for  lead  indicate  the  change  in  the  quality  of 
the  gamma  radiation  as  the  thickness  of  lead 
increases.  In  column  4  are  shown  the  range 
of  thicknesses  for  which  the  coefficients  of 
absorption  were  determined.  Column  6 
shows  the  half  value  thickness,  that  is,  the 
thickness  of  absorbing  material  needed  to 
reduce  the  radiation  to  one  half  its  initial 
value.  The  density  (column  7)  and  the  co- 
efficient of  absorption  divided  by  the  density 
(the  so-called  mass  absorption  coefficient, 
column  8)  are  given  to  show  how  the  ab- 
sorption varies  with  the  density  of  the  ab- 
sorber. In  column  9  are  found  the  percent- 
ages of  the  radiation  absorbed  per  millimeter 
of  filter  corresponding  to  the  absorption 
coefficients  given. 

The  values  in  the  second  part  of  the  table 
were  determined  from  the  curves  of  Figures 

3  and  4.  They  show  the  relative  change  in 
the  absorption  of  radiation  filtered  through 
various  thicknesses  of  lead  and  brass  by  beef 
muscle  hardened  in  10%  formalin.  It  will 
be  seen  that  from  a  filter  of  ^  mm.  of  brass 
to  one  of  3  mm.  of  lead  the  change  is 
0.0765  -  0.0709 

00765 =7-3%-  The  mass  absorp- 
tion coefficients  have  no  special  significance 
in  this  case,  and  they  are  not  included  in  the 
table.  It  should  be  noted  that  the  values  in 
column  9  are  given  for  one  centimeter  of 
tissue,  and  not  for  one  millimeter,  as  in  the 
case  of  metals. 

The  values  in  the  third  part  of  the  table 
indicate  the  relative  absorption  of  the  radia- 
tion filtered  through  1.92  mm.  of  brass  by 
different  tissues.  For  these  experiments  fresh 
organs  were  obtained.  They  were  cut  into  as 
nearly  parallel  slices  as  possible,  and  absorp- 
tion curves  similar  to  those  of  Figures  3  and 

4  were  determined.  The  experimental  work 
for  fresh  liver,  spleen,  muscle,  brain,  suet, 
and  lung,  as  well  as  the  formalined  muscle, 
was  done  continuously,  with  the  same 
emanation  tube  in  the  same  position  from 
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beginning  to  end.  To  make  sure  that  the  ex- 
perimental conditions  remained  the  same 
throughout,  the  absorption  curve  for  pure 
gum  rubber  was  determined  at  intervals,  and 
used  as  a  check.  This  also  enabled  us  to  in- 
clude in  the  table  some  data  obtained  on 
previous  occasions.  The  logarithms  of  the 
ionization  values  for  different  thicknesses 
of  tissue  were  plotted  to  a  very  large  scale 
and  average  straight  lines  drawn,  as  in  the 
case  of  Figures  3  and  4.  The  coefficients  of 
absorption  were  then  determined  by  reading 
off  two  values  from  the  straight  lines. 

From  column  9  we  see  that  the  amount  of 
radiation  filtered  through  1.92  mm.  of  brass 
which  is  absorbed  by  one  centimeter  of  tissue 
is  not  very  different  for  the  different  kinds 
of  tissue.  The  two  conspicuous  exceptions 
are  solid  bone,  which  absorbs  almost  twice 
as  much  radiation  as  the  average,  and  lung, 
which  absorbs  a  little  more  than  half  as  much 
as  the  average. 

It  is  often  assumed  that  the  absorption  of 
gamma  rays  is  proportional  to  the  density  of 
the  absorber.  The  table  enables  us  to  test  the 
accuracy  of  this  assumption.  If  the  absorp- 
tion were  proportional  to  the  density,  then 
all  the  values  in  column  8  for  the  same 
quality  of  radiation  would  be  the  same.  Evi- 
dently this  is  not  the  case.  From  physical 
experiments  we  know  that  the  mass  absorp- 
tion coefficient  {i^/p)  is  the  same  for  sub- 
stances which  have  essentially  the  game 
chemical  composition.  As  this  condition  is 
practically  fulfilled  by  all  the  soft  tissues 
given  in  the  table,  we  should  expect  the 
values  of  ij^/p  to  be  substantially  the  same. 
If  we  stop  to  analyze  the  results  we  find  that, 
within  the  limits  of  experimental  error  this 
is  the  case.  For  lung  tissue  the  value  of  /x/p 
is  considerably  lower  than  the  average.  The 
discrepancy,  however,  can  be  attributed  to 
the  numerous  air  spaces  in  this  kind  of 
tissue,  which  are  included  in  the  measure- 
ment of  thickness,  but  are  not, included  in  the 
determination  of  the  density,  since  they  do 
not  contribute  to  the  volume  of  the  piece  of 
tissue  measured  by  the  amount  of  water  dis- 
placed. The  calculated  density,  consquently, 


was  too  high,  and  the  mass  absorption  co- 
efficient too  low.  The  smaller  difference  in 
the  value  of  /t-t/p  for  brain  may  be  accounted 
for  in  the  same  way. 

The  explanation  of  the  low  value  of  /w/p 
for  solid  bone  is  based  on  the  results  of  many 
physical  experiments,  which  show  that  the 
mass  absorption  coefficient  is  lower  for  sub- 
stances of  medium  atomic  weight  than  for 
substances  of  very  low  or  very  high  atomic 
weights."  Thus  in  Table  II  it  is  seen  that  the 
value  for  soft  tissues,  which  have  essentially 
the  same  composition  and  contain  only  ele- 
ments of  low  atomic  weight,  are  higher  than 
for  aluminum  or  brass,  but  lower  than  the 
first  value  for  lead,  which  has  a  very  high 
atomic  weight.  (The  other  values  for  lead 
are  not  comparable  with  the  tissue  values 
because  the  quality  of  the  radiation  in  the 
two  cases  is  quite  different.)  Solid  bone, 
which  contains  considerable  calcium,  there- 
fore, approaches  aluminum  in  absorbing 
power,  and  for  this  reason  the  value  of  m/p 
is  lower  than  for  soft  tissues.  "Porous 
bone,"  as  used  in  this  experiment,  consisted 
of  a  bony  structure  having  its  interstices 
filled  with  soft  tissue.  Theoretically,  then,  the 
value  of  li-fp  should  be  higher  than  for  solid 
bone  and  lower  than  for  soft  tissue.  Experi- 
mentally it  is  found  that  this  is  the  case. 

Considering  the  methods  of  determining 
the  density  of  soft  tissues,  it  is  reasonable  to 
conclude  that,  within  the  limits  of  experi- 
mental error,  the  mass  absorption  coefficients 
for  soft  tissues  are  equal.  For  practical  pur- 
poses, therefore,  we  may  say  that  in  this  case 
the  absorption  of  gamma  rays  filtered  by 
1.92  mm.  of  brass  is  proportional  to  the 
density  of  the  tissue.  This  is  not  the  case 
when  tissue  is  compared  with  aluminum  and 
brass.  For  instance,  if  we  know  the  coeffici- 
ent of  absorption  for  aluminum  and  we  cal- 
culate its  value  for  tissue  of  density  1.03, 
in  the  ratio  of  the  densities,  we  get  /*  = 

O.I  I  X    "^^  =  0-0413.  But  the  value  experi- 
2.74 

mentally  determined  is  0.0694,  which  is  68% 

higher  than  the  calculated    value.    On    the 

other  hand,  the  absorption  of  gamma  rays  by 
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tissue  when  calculated  from  the  absorption 

by  pure  gum  rubber,  is  correct  for  practical 

1.03 
purposes.  (0.066  X =  0.070  instead  of 

0.069.)  Ii^  the  case  of  solid  bone  the  absorp- 
tion per  centimeter  is  greater  than  for  alumi- 
num, in  spite  of  the  fact  that  the  density  of 
the  latter  (1.74)  is  considerably  greater  than 
the  density  of  bone  (2.01).  In  radiotherapy 
it  is  often  assumed  that  the  absorbing  power 


of  one  centimeter  of  tissue  is  the  same  as 
that  of  one  millimeter  of  aluminum.  Prob- 
ably this  is  true  for  .r-rays  of  a  certain 
quality,  but  it  is  very  far  from  the  truth  in 
the  case  of  gamma  rays. 

With  the  exception  of  solid  bone  the  tissue 
which  absorbs  most  radiation  absorbs  7.5% 
per  centimeter  of  thickness.  Therefore,  if  in 
calculating  the  amount  of  radiation  which 
reaches  a  certain  depth,  we  take  the  value  of 


TABLE  II 


I 
Filter 

2 

Thickness 
mm. 

3 

Absorber 

4 

Range 

mm. 

5 
Coef.  of 
Abs.  cm.-^ 

6 

H.  V.  T.* 

cm. 

7 
Density 

8          {          9 

fi/f)           %  abs. 

cm.  -1         per  mm. 

Aluminum 
Brass 

6 

Aluminum 

6-22 

O.II 

6.3 

2.74 

0.0402 

I.I 

2 

Brass 

2-22 

0.35 

1.98 

8.26 

0.0424      1       3-5 

Lead 
Lead 

2 

Lead 

2-5 

1. 01 

0.686 

11-34 

0.0892     j     1 0.1 

5 

Lead 

5-10 

0.80 

0.866 
1.05 

11-34 

0.0705 

8.0 

Lead 
Lead 

10 

Lead 

10-15 
15-22 

0.66 

11-34 

0.0582 

6.6 

15 

Lead 

0.58 

1.20 

11-34 

0.05 1 1 

5-8 

%  abs. 
per  cm. 

Tissue 

5.00 

Formalin 
Beef  Muscle 
Formalin 
Beef  Muscle 

50-60 
10-70 

0.0815 

8.50 

8.2 

Brass 

0.48 

0.0765 

9.06 

7-7 

Brass 

0.96 

Formalin 
Beef  Muscle 

10-70 

0.0755 

9.18 

7-6 

Brass 

1.92 

Formalin 
Beef  Muscle 
Formalin 
Beef  Muscle 

10-70 

0.0752 

9.22 
9.22 

1.056 

0.0713 

7-5 

Brass 
Lead 

3-04 

10-70 

0.0752 

7-5 

0.4s 

Formalin 
Beef  Muscle 
Formalin 
Beef  Muscle 
Formalin 
Beef  Muscle 
FoiTTialin 
Beef  Muscle 

10-70 

0.0752 

9.22 

7-5 

Lead 

I.O 

10-70 
10-70 

0.0736 

9.42 

7-4 

Lead 

2.0 
30 

0.0726 

9-54 

7-?, 

Lead 

10-70 

0.0709 

9-77 

7-1 

Brass 

1.92 

Solid  Bone 

3-20 

0.13 

5-5 

2.01 

0.063 

13- 

7-5 

Brass 
Brass 

1.92 
1.92 

Porous  Bone 

20-100 

0.075 

9-3 

I-I5 

0.065 

Liver 

Spleen 

Muscle 

20-90 

0.074 

9.4 

1.06 

0.070 

7-4 

Brass 

1.92 

20-100 

0.073 

9-5 

1.05 

0.070 

7-Z 

Brass 

1.92 
1.92 

20-100 

0.069 

lO.O 

1.03 

0.067 

6.9 

Brass 

Brain 

20-100 

0.066 

10.6 

1.03 

0.064 

6.6 

Brass 

1.92 

Suet 

20-100 

0.065 

10.7 

0.94 

0.069 

6.5 

Brass 

1.92 

Lung 

20-70 

0.045 

iS-5 

0.78 

0.057 

4-5 

Brass 

1.92 

Rubber 

10-50 

0.066 

10.5 

0.97 

0.068 

6.6 

Brass 

1.92 

Formalin 
Beef 

20-70 

0.075 

9.2 

1.06 

0.071 

7-5 

*Half  Value  Thickness 


\ 
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0.075  for  the  absorption  coefficient,  we  are 
sure  to  be  on  the  safe  side.  It  will  be  seen 
also  for  deep  radium  therapy  that  the  effect 
of  intervening  bones  on  the  tumor  dose  must 
be  small,  because  the  actual  thickness  of 
solid  bone  is  small  in  comparison  to  the 
thickness  of  soft  tissues,  and  the  absorption 
by  porous  bone  is  only  slightly  greater  than 
that  of  soft  tissues.  This,  however,  is  not 
true  in  the  case  of  .r-rays,  and  especially  of 
soft  .:r-rays.  A  convincing  proof  of  this 
statement  is  afforded  by  .r-ray  photographs 
taken  with  soft  and  very  hard  rays.  As  for 
the  absorption  by  human  tissue  compared  to 
beef  tissue,  it  may  be  said  that  in  general  the 
former  absorbs  a  little  less  radiation  than  the 
latter.  The  difference,  however,  is  practically 
negligible  when  the  same  kind  of  tissue  or 
organ  is  considered  in  the  two  cases.  One 
notable  exception  is  fat,  the  absorption  by 
human  fat  being  considerably  less  than  the 
absorption  by  suet.  But  in  this  case  the  den- 
sities are  also  quite  different.  The  absorption 
by  the  fat  under  the  human  skin  is  about 
two  thirds  that  of  an  equal  layer  of  the  skin 
proper. 

SUMMARY 

1.  The  apparatus  used,  consisting  of  a 
gold  leaf  electroscope  and  conical  ionization 
chamber,  and  the  experimental  procedure  are 
described  in  detail. 

2.  The  most  important  limitations  im- 
posed by  the  experimental  method  adopted 
are  discussed.  They  are  due  to: 

(a)  Use  of  a  metal  ionization  chamber. 

(b)  Use  of  a  gas  as  the  absorbing  medium 

in  the  ionization  chamber. 

(c)  Exclusion  of  scattered  and  secondary 

radiation  produced  in  tissue. 

(d)  Inability  to  reproduce  in  the  physical 

laboratory  physiological  conditions. 

3.  The  absorption  curves  for  aluminum, 
brass,  and  lead  are  given.  From  these  we  see 
that: 

(a)  As  the  filter  increases  the  transition 
from  soft  to  hard  radiation  is  quite 
sharp. 


(b)  Beyond  a  thickness  of  filter  of  a  few 

millimeters  in  the  case  of  aluminium 
and  brass  the  absorption  is  exponen- 
tial (I  =  lo  e-/Ad).  In  the  case  of  lead 
it  is  not  exponential  in  the  range  of 
thickness  used. 

(c)  This  shows  that  the  filtration  by  a  small 

thickness  of  metal  is  sufficient  to  give 
a  radiation  which  is  absorbed  expo- 
nentially by  metals  of  medium  or  low 
atomic  weight.  The  radiation,  how- 
ever, is  not  strictly  homogeneous,  as 
indicated  by  the  lead  absorption 
curve. 

4.  The  criterion  for  the  quality  of  radia- 
tion to  be  used  in  deep  therapy  being  the  ex- 
ponential absorption  of  the  radiation  by  tis- 
sue, from  Figures  3  and  4  we  see  that: 

(a)  A  metal  should  be  used  as  the  primary 

filter. 

(b)  A  secondary  filter,  composed  of  light 

elements  like  tissue,  should  be  used  to 
remove  the  soft,  secondary  radiation 
of  the  metal. 

(c)  There  are  different  combinations  of  pri- 

mary and  secondary  filters  suitable 
for  deep  therapy. 

(d)  Beyond  a  certain  point  additional  fil- 

tration, while  increasing  the  penetrat- 
ing power  of  the  radiation  slightly, 
decreases  the  intensity  of  the  radia- 
tion considerably.   ' 

5.  In  deep  therapy  the  limiting  factor  is 
the  effect  on  the  skin.  Therefore  it  is  im- 
portant to  know  what  fraction  of  the  skin 
radiation  reaches  a  given  depth  of  tissue. 
The  value  of  this  fraction  can  be  varied 
within  limits  by  varying  the  distance  of  the 
applicator  from  the  skin,  or  the  filtration, 
(a)   An  example  is  worked  out  to  show  that 

in  the  case  of  gamma  rays  it  is  more 
economical  to  increase  the  percentage 
of  the  skin  radiation  which  reaches  a 
deep  tumor  by  increasing  the  distance 
of  the  applicator  than  by  increasing 
the  filtration. 
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(b)  A   second  example   shows  that,   using 

two  sources  of  radiation  of  distinctly 
different  penetrating  power,  we  can 
get  the  same  percentage  of  a  skin 
dose  at  a  certain  depth  of  tissue  in 
either  case  by  choosing  the  distance 
of  application  properly. 

(c)  Table  I  shows  that  when  the  distance  of 

the  applicator  is  large  in  comparison 
to  the  tumor  depth,  the  penerating 
power  of  the  radiation  has  the  greater 
influence  on  the  tumor  dose.  (This  is 
the  case  of  .t--rays.)  On  the  other 
hand,  when  the  distance  of  applica- 
tion is  about  the  same  as  the  tumor 
depth,  and  the  radiation  is  very  pene- 
trating, the  distance  has  the  greater 
influence  on  the  tumor  dose.  (This  is 
the  case  of  radium  therapy.) 

(d)  The  table  shows,  also,  that  when  the 

distances  are  adjusted  so  as  to  get  the 
same  skin  dose  and  the  same  dose  at 
a  depth  of  three  centimeters,  using 
radiation  of  different  degrees  of 
hardness,  the  doses  are  not  the  same 
at  any  other  tissue  depth,  and  es- 
pecially at  greater  depths  than  the 
one  for  which  the  doses  are  the  same. 

6.  The  coefficient  of  absorption  is  the  im- 
portant factor  which  identifies  radiation.  The 
numerical  value  depends  on  the  quality  of 
the  radiation  and  on  the  nature  of  the  ab- 
sorber. From  Table  II  we  see  that: 

(a)  When  the  same  tissue  is  used  as  an  ab- 

sorber and  the  filtration  of  radium 
rays  is  varied  in  steps  from  0.48  mm. 
of  brass  to  3  mm.  of  lead,  the  coeffi- 
cient of  absorption  gradually  de- 
creases from  0.0765  to  0.0709.  But 
while  the  penetrating  power  of  the 
radiation  is  increased  7.3%  by  the 
additional  filtration,  the  available  ra- 
diation is  decreased  65%. 

(b)  The  same  radiation    (1.92  mm.   brass 

filter)  is  absorbed  to  a  different  ex- 
tent by  different  tissues.  For  soft  tis- 
sues the  coefficient  of  absorption  is 
proportional  to  the  density  of  the 
tissue. 


(c)  The  absorption  by  tissue  from  different 

organs  (except  lung  tissue,  fat,  and 
solid  bone)  is  nearly  the  same.  There- 
fore if  we  take  0.075  ^^r  the  value 
of  the  coefficient  of  absorption  of 
gamma  radiation  filtered  through 
1.92  mm.  of  brass,  we  are  sure  to  be 
on  the  safe  side  in  any  calculation  we 
may  make  for  practical  use.  Corre- 
sponding to  this  value  of  the  absorp- 
tion coefficient,  the  thickness  of  tis- 
sue necessary  to  absorb  one  half  of 
the  radiation  is  gj4  centimeters.  As  a 
round  figure,  easy  to  remember,  we 
may  take  the  half  value  thickness  of 
human  muscle  tissue  for  gamma  rays 
to  be  ten  centimeters. 

(d)  The  presence  of  bone  in  the  path  of  the 

radiation  is  of  no  great  consequence 
in  regard  to  the  amount  of  gamma 
radiation  which  reaches  the  tumor  be- 
yond it.  The  only  part  of  the  bone 
which  absorbs  considerably  more 
than  muscle  is  the  solid  part.  But  in 
any  practical  case  this  makes  up  a 
small  fraction  of  the  total  thickness 
traversed  by  the  radiation.  In  the  case 
of  .t'-rays  bone  plays  a  more  import- 
ant part. 

7.  The  results  obtained  from  the  experi- 
ments described  in  this  paper  can  be  used  for 
the  solution  of  problems  in  radium  therapy, 
subject  to  the  following  limitations: 

(a)  The    calculated    amount    of    radiation 

reaching  any  given  tissue  depth  is  al- 
ways the  miniinmn  amount  which 
will  reach  this  depth  under  the  condi- 
tions of  application. 

(b)  Skin  doses  of  beta  and  gamma  radia- 

tion are  not  to  be  compared  accord- 
ing to  the  ionization  values  given  in 
Figures  3  and  4.  They  must  be  de- 
termined independently  by  physio- 
logical experiments. 

In  conclusion  the  author  wishes  to  ac- 
knowledge his  indebtedness  to  Mrs.  E.  H. 
Quimby  for  her  assistance  in  the  preparation 
of  the  material  for  this  paper. 
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PERSONAL  EXPERIENCE  WITH  THE  APPLICATION  OF  THE 
NEWER  ROENTGEN  THERAPY  IN  CANCER* 

By  M.  J.  SITTENFIELD,  M.D. 

NEW    YORK    CITY 


^  I  ''HE  ideal  that  every  therapy  attempts  to 
■*■  attain  is  a  complete  inhibition  and 
neutralization  of  the  disease,  and  if  possible 
the  maintenance  of  normal  function.  Unfor- 
tunately excision  of  a  cancer  does  not  pre- 
vent further  invasion,  nor  immunize  against 
it,  nor  does  it  maintain  the  functions  of  the 
tissue  affected.  So  it  is  easily  conceivable 
why  radiotherapy,  even  with  our  former 
limited  knowledge,  played  such  an  important 
part  in  the  treatment  of  cancer.  The  fact  that 
recent  advances  in  the  technique  of  radio- 
therapy have  been  accomplished  abroad 
makes  it  apparent  that  the  older  methods 
were  found  wanting.  It  is  almost  needless  to 
say  that  insufficient  penetration  of  hard  rays 
to  the  deeper  tissues  was  one  of  the  short- 
comings; another  was  the  lack  of  measure- 
ments for  practical  purposes,  and  also  the 
lack  of  knowledge  of  the  exact  dosage  neces- 
sary to  influence  a  carcinoma,  a  sarcoma  or 
ovary. 

Some  of  these  obstacles  were  overcome  by 
the  construction  of  more  powerful  appara- 
tus, and  also  tubes  to  tolerate  higher  inten- 
sities. The  electroscope  and  iontoquantimeter 
furnished  means  of  measurement  for  prac- 
tical purposes,  and  with  these,  the  determina- 
tion of  dosage  for  the  destruction  of  car- 
cinoma and  sarcoma  were  made  possible. 
Apparatus,  tubes  and  technique  have  been 
described  elsewhere,  and  need  not  be  men- 
tioned here, 

*Read   at   the   Midwinter   Meeting  of  the   Eastern   Section   of 
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The  application  of  the  newer  methods  of 
roentgen  therapy  has  led  to  more  gratifying 
results  in  the  treatment  of  cancer.  Since  my 
return  from  abroad  in  the  middle  of  Sep- 
tember, owing  to  the  delay  in  shipping  the 
German  apparatus,  this  improved  technique 
as  far  as  it  is  applicable  to  my  own  appara- 
tus, has  been  made  use  of.  The  following 
case  report  is,  of  course,  a  preliminary  one, 
and  only  one  of  a  type  has  been  selected. 

One  of  the  first  cases  selected  for  this 
newer  therapy  was  a  patient  with  an  inoper- 
able carcinoma  of  the  cervix.  She  had  re- 
ceived a  radium  treatment  three  and  a  half 
months  previous,  with  no  evident  arrest  of 
the  disease.  The  malignant  process  con- 
tinued, so  that  when  she  first  came  to  me,  her 
hemoglobin  was  40  per  cent,  and  to  all 
appearances,  she  was  in  a  beginning  state  of 
cachexia.  Desirous  of  trying  out  the  newer 
technique,  she  was  subjected  to  the  follow- 
ing treatment:  a  two  hour  radiation  dose 
on  four  consecutive  days  was  administered, 
instead  of  one  session  of  eight  hours,  as  in 
Bumm's  Clinic.  The  focal  distance  used  was 
50  cm.,  and  the  portals  of  entry  15  by  18 
cm.  The  rays  were  filtered  through  0.5  mm. 
of  zinc,  plus  I  mm.  of  aluminum.  In  addition 
50  mg.  of  radium  element  were  introduced 
into  the  cervix  and  left  there  for  fifty  hours. 
My  aim  was  to  administer  what  the  Ger- 
mans call  a  full  cancer  dose  at  one  session. 
The  reaction  was  not  as  severe  as  those  I 
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saw  in  Germany  when  the  entire  treatment 
was  given  in  one  day.  The  patient  gained 
five  pounds  in  weight  within  the  first  week, 
pain  disappeared  entirely,  and  she  is  at  pres- 
ent going  about,  engaged  in  her  usual  activi- 
ties, free  from  any  clinical  manifestations 
of  the  disease.  A  month  ago  examination  of 
the  cervix  showed  it  to  be  entirely  fibrosed. 

Another  patient  was  referred  for  radia- 
tion for  recurrent  carcinoma  in  the  axilla 
after  radical  excision  of  a  carcinoma  of  the 
breast.  Female,  sixty  years  old,  was  operated 
upon  for  carcinoma  of  the  breast  a  year  and 
a  half  ago.  Six  months  later  a  tumor  re- 
curred in  the  axilla;  it  was  removed  again, 
only  to  recur  within  the  year.  The  recur- 
rence, when  she  reported  to  me,  was  the  size 
of  half  an  orange,  it  was  a  fluctuating  mass 
of  broken-down,  necrotic  tissue.  She  suffered 
much  pain,  and  had  to  be  constantly  under 
the  influence  of  opiates.  All  in  all,  she  was 
in  pretty  bad  shape.  She  also  received  four 
radiation  doses  of  two  hours  each  on  con- 
secutive days.  A  dose  was  directed  from 
front  of  axilla,  one  posteriorly  into  axilla, 
one  from  above  the  shoulder  joint,  and  one 
from  below  into  the  axilla.  The  focal  dis- 
tance was  50  cm.,  the  filter  zinc  plus  alum- 
inum, and  the  portals  of  entry  15  by  18  cm. 
Four  days  after  completion  of  the  roentgen 
treatment,  3,000  mg.  hours  of  radium  ele- 
ment were  placed  in  the  axilla  over  four 
areas.  A  week  later  the  tumor  had  disap- 
peared entirely,  she  was  free  from  discom- 
fort, and  had  left  off  all  narcotics. 

In  another  patient  a  carcinoma  of  the 
breast  had  recurred  over  the  anterior  region 
of  the  sternum.  The  patient  was  operated 
upon  two  and  a  half  years  ago  for  carcinoma 
of  the  breast  at  Mt.  Sinai  Hospital,  had  a 
stormy  convalescence,  developed  erysipelas 
with  abscesses,  and  had  to  stay  in  the  hos- 
pital for  three  months.  In  October  last  a  re- 
currence of  about  12  by  15  cm.,  the  size  of 
the  palm  of  my  hand,  developed  over  the 
sternum  extending  to  the  anterior  axillary 
border.  Two  radiation  doses  of  four  hours 
each,  with  70  cm.  focal  distances,  portals  of 
entry  15  by  18  cm.,  zinc  and  aluminum  fil- 


ters, were  administered.  A  week  later  the 
tumor  had  receded  by  half,  and  in  another 
week  the  entire  tumefaction  had  disappeared. 
In  this  case,  about  seven  weeks  ago,  a  tumor 
the  size  of  a  large  lemon  made  its  appearance 
in  the  other  breast.  The  surgeon  again  re- 
ferred her  for  radiation,  considering  her  a 
bad  risk  for  surgical  intervention.  A  full 
cancer  radiation  dose  was  administered,  and 
the  tumor  has  since  receded. 

These  reports  are  of  course  only  prelimin- 
ary; the  end  results  may  be  such,  perhaps, 
as  to  cause  a  modification.  Furthermore  the 
response  in  all  cases  may  not  be  as  striking 
as  in  these.  It  is  obvious,  however,  that  more 
intensive  radiation  than  heretofore  must  be 
administered  along  the  lines  of  modern  tech- 
nique. The  dosage  in  this  newer  technique 
comprises  a  more  thorough  understanding  of 
the  biological  and  physical  properties  of  the 
rays  as  they  are  emitted  from  the  tube,  and 
of  the  accompanying  secondary  radiation. 
The  quality  of  ray,  in  particular,  is  one  of 
the  most  important  factors,  and  of  equal 
importance  are  the  substance  and  amount  of 
filtration  used,  the  focal  distance,  and  the 
size  of  the  portals  of  entry.  The  propor- 
tionate relationship  between  the  radiation 
energy  at  the  surface  of  the  body,  and  that 
of  the  lesion  in  the  deeper  tissues,  is  called 
the  dosage  quotient.  This  dosage  will  be  most 
favorably  effective  in  the  deeper  tissues 
when  we  increase  the  distance  of  the  radia- 
tion source,  notwithstanding  the  fact  that 
an  increase  in  the  focal  distance  necessarily 
increases  the  time  of  obtaining  a  skin  ery- 
thema dose. 

It  is  well  known  that  with  0.5  or  i  mm.  of 
copper  or  zinc  as  a  filter,  a  considerable 
amount  of  the  energy  emitted  from  the  tube 
is  lost.  This  loss  is  more  than  compensated 
for  by  the  fact  that  radiation  through  0.5  or 
I  mm.  of  copper  or  zinc  produces  a  more 
favorable  absorption  coefficient.  In  other 
words  rays  from  this  point  on  will  show  very 
little  qualitative  change,  and  additional  fil- 
tration would  serve  no  further  purpose. 

In  addition  to  the  primary  rays,  the 
scattered  secondary  rays  materially  aid  the 
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dosage  quotient.  For  instance,  it  has  been 
worked  out  by  Friedrich  and  others,  that 
with  50  cm.  focal  distance,  and  a  10  mm. 
aluminum  filter,  the  primary  radiation 
energy  under  6  cm.  of  tissue  would  be  22 
per  cent  that  of  the  surface  dose ;  in  reality, 
though,  it  is  increased  to  51  per  cent  by  the 
scattered  secondary  rays. 

CHART    I 

Estimated  Actual 

Depth     Primary  %  with 

Focal    under       Dosage  Secondary 

Filter        Distance  Surface        %  Rays 


10  mm.  Alimi. 

50  cm. 

6  cm. 

22.  % 

51-  % 

" 

50  cm. 

8  cm. 

13-8% 

42.  % 

" 

50  cm. 

10  cm. 

8.4% 

31-  % 

I  mm.  Copper 

50  cm. 

6  cm. 

25.  % 

67.5% 

i( 

SO  cm. 

8  cm. 

17.  % 

54-  % 

" 

50  cm. 

10  cm. 

10.  % 

44-  % 

Aside  from  this  increase  in  the  amount  of 
radiation  available  in  the  deeper  tissues 
through  the  proper  filtration,  the  size  of  the 
portals  of  entry  must  be  given  consideration. 
For  example,  under  10  cm.  of  tissue,  with 
a  portal  of  entry  of  1.5  by  2  cm.,  the  dose 
is  9  per  cent  of  that  received  on  the  surface ; 
with  a  portal  of  6  by  8  cm.,  however,  the 
amount  is  increased  to  28  per  cent,  and  with 
portals  of  10  by  15  cm.,  to  35  per  cent,  and 
so  on.  In  other  words,  the  larger  the  portal 
of  entry,  the  more  favorable  is  the  dosage 
quotient,  up  to  a  point  of  20  by  20  cm.  Any 
increase  in  size  over  this  seems  to  bring  no 
appreciable  gain;  that  is,  the  intensity  of 
the  ray  diminishes  by  dispersion  the  smaller 
the  portal  of  entry,  and  increases  in  percent- 
age the  larger  the  portal  of  entry. 

CHART    H 


Dosage  Quotient  in  the  Deeper  Tissue 

(Focal  Distance  50  cm.) 

Portal  of        Under  10  cm.         Under  3  cm. 

Entry  Tissue  Tissue 


1.5  X   2  cm. 
6x8  cm. 

10  X  15  cm. 


9% 

28% 

35% 


47% 
66% 

77% 


Chaoul,  of  Sauerbruch's  Clinic  in  Munich, 
has  adopted  a  very  ingenious  device  of  wax 
blocks,  which  he  calls  a  "rav  concentrator." 


One  set  is  arranged  on  either  side  of  the 
tube,  and  another  at  each  side  of  the  radiated 
field,  taking  in  the  entire  distance  between 
the  skin  and  the  tube.  In  this  way  he  collects 
or  concentrates  the  rays  of  dispersion  which 
are  then  deflected  to  the  center  of  the  field, 
and  thus  increases  the  radiation  quotient 
from  40  to  60  per  cent.  It  becomes  essential 
therefore  in  order  to  reach  the  tumor  with 
the  most  favorable  and  suitable  dosage  quo- 
tient, to  increase  the  focal  distance,  to  use 
filtration  of  at  least  0.5  mm,  of  copper  or 
zinc,  and  lastly  to  use  as  large  a  portal  of 
entry  as  the  conditions  permit. 

Opitz  of  Freiburg  has  taken  advantage  of 
all  these  factors  which  increase  the  dosage 
quotient,  in  the  treatment  of  carcinorna  of 
the  uterus,  first,  by  using  a  focal  distance  of 
50  cm.,  and  second,  by  enlarging  the  portal 
to  its  maximum  of  20  by  20  cm.,  and  by 
using  I  mm.  of  copper  as  a  filter.  In  this 
manner  a  skin  erythema  dose  requires  about 
two  hours,  one  application  is  administered 
from  the  abdomen,  one  from  the  back,  and 
two  from  the  side.  Here  also  a  minor  detail 
of  refinement  is  made  use  of:  the  anterior 
dose  is  administered  so  that  the  centralized 
ray  strikes  the  left  edge  of  the  tumor  slightly 
obliquely,  and  the  posterior  dose  the  right 
edge  of  the  tumor,  in  order  to  prevent 
damage  to  the  rectum,  which  is  anatomically 
situated  to  the  left.  The  sum  total  of  the 
rays  reaching  the  cancer  mass  in  this  manner 
is  very  nearly  a  full  cancer  dose.  To  guard 
against  a  sublethal  dose  to  the  interior  of 
the  tumor,  a  small  dose  of  radium  is  placed 
in  the  uterus.  Even  if  the  cancer  itself  re- 
ceives slightly  more  than  a  knockout  dose, 
the  healthy  adjacent  tissue  tolerates  this  and 
thus  escapes  damage. 


( 
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Dosage  Quotient 

•  UNDER  Three  cm. 

OF  Tissue 

Portal  of  Entry 

Focal  Distance 

% 

Qx  12  cm. 

30  cm. 

74% 

10  X  15  cm. 

50  cm. 

86% 

Qx  12  cm. 

50  cm. 

86% 

15  x15  cm. 

80  cm. 

90% 

9  X  12  cm. 

100  cm. 

90% 

10  X  15  cm. 

100  cm. 

93% 
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That  intensive  radiation  lor  short  periods 
is  much  more  effective  than  smaller  doses  for 
longer  periods  is  pretty  generally  conceded, 
and  practical  use  is  made  of  these  patho- 
logical and  biological  findings.  It  holds  true 
also,  with  small  doses  frequently  repeated, 
that  the  period  of  latency  is  considerably 
protracted,  and  furthermore  a  cumulative 
effect  may  be  experienced  producing  chronic 
changes  which  are  not  at  all  desirable,  either 
by  stimulating  the  growth  itself,  or  by  dam- 
aging the  healthy  tissue.  Great  stress  is  laid 
upon  the  advisability  of  administering  the 
entire  lethal  dose  at  one  sitting.  There  are. 
however,  times  when  the  entire  dose  cannot 
be  administered  in  one  day.  The  condition  of 
the  patient  or  the  danger  of  absorption  tox- 
emia may  not  admit  of  this.  At  any  rate  all 
efforts  should  be  directed  to  administering  a 
full  lethal  dose  \vithin  a  week. 

By  way  of  summary  I  would  like  to  draw 
special  attention  to  the  following  points: 


It  is  most  essential  that  sufficient  intensive 
roentgen  or  radium  rays  be  administered  to 
knock  out  completely  all  parts  of  the  cancer 
without  damaging  or  destroying  adjacent 
healthy  tissue.  If  any  one  part  of  the  tumor 
receives  a  sublethal  dose,  failure  and  recur- 
rence is  sure  to  follow. 

To  effect  the  most  favorable  conditions  of 
radiation  to  the  deeper  tissues,  proper  filtra- 
tion, increase  in  the  focal  distance,  and  in- 
crease in  the  size  of  the  portals  of  entry  must 
be  made  use  of. 

The  determination  of  correct  dosage  com- 
prises knowledge  of  the  clinical  location  of 
the  tumor,  its  pathology,  radiation  dosage 
quotient,  and  absorption  coefficient. 

From  the  personal  application  of  this 
technique  in  this  short  period  of  time,  I  gain 
the  impression  that  raying  in  the  form  of  a 
complete  knockout  dose  administered  at  one 
time  will  bring  about  better  results  in  cancer 
therapy. 
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forty  minutes  will  rarely  give  an  erythema, 
and  that  fifty  minutes  will  generally  give 
an  erythema.  This  technique  has  been  de- 
veloped gradually,  in  part  by  calculations  and 
in  part  by  experimentation. 

I  would  like  to  add  a  caution  at  the  begin- 
ning of  this  article  and  repeat  it  again  at 
the  end:  it  is  most  important  in  every  in- 
stance before  the  current  is  turned  on  that 
the  filters  be  counted  to  make  sure  they  are 
in  place,  because  if  filtration  is  deficient  this 
prolonged  treatment  will  produce  an  incur- 
able burn.  As  a  precaution  against  an  acci- 
dent I  require  that  two  people  make  observa- 
tions on  the  filters  for  every  dose  given.  If 
the  equipment  is  arranged  for  deep  treatment 
only,  so  that  this  one  uniform  technique  is 
used  continually  for  all  kinds  of  cases,  then 
the  filters  can  be  permanently  put  in  place 
and  the  precaution  of  counting  will  not  be 
necessary,  but  in  the  general  roentgeno- 
logical laboratory  the  apparatus  must  be  used 
for  different  purposes  and  lo  millimeters  of 
filter  is  not  always  desirable,  because  it 
wastes  energy  unnecessarily. 

RELATIVE  VALUE  OF  FILTERS 

In  order  that  our  technique  be  made  un- 
derstandable it  is  necessary  to  know  the  rela- 
ative  value  of  various  filters.  Several  years 
ago,  at  one  of  these  midwinter  meetings  of 
this  Society,  I  recommended  the  use  of  glass 
instead  of  aluminum  because  the  metal  filters 
frequently  led  to  puncture  of  the  Coolidge 
tubes.  From  a  scale  furnished  by  the  Radium 
Chemical  Company  of  Pittsburgh,  I  ob- 
served that  glass  had  approximately  the  same 
filter  value  as  aluminum.  Therefore  by  using 
glass  we  obtained  a  filter  less  likely  to  lead 
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DURING  September,  1920,  Drs.  Cool- 
idge and  Schmitz  brought  back  to  us 
from  Germany  the  information  that  in  Ger- 
many a  greater  amount  of  filtration  was  be- 
ing used  in  the  treatment  of  deep-seated  ma- 
lignant disease,  with  the  source  of  rays  at  a 
greater  distance  from  the  skin  and  with  the 
use  of  a  higher  voltage.  The  impression  of 
the  few  men  who  had  the  privilege  of  visit- 
ing the  German  clinics  was  that  more  satis- 
factory results  were  obtained  from  this 
technique  than  from  the  lighter  technique 
used  in  this  country.  Our  equipment  in 
America  did  not  permit  an  exact  duplication 
of  the  technique  used  in  Germany  because 
our  apparatus  as  built  to-day  will  not  gener- 
ate current  at  a  voltage  greater  than  125,000, 
or  at  most  130,000.  It  seemed  important, 
therefore,  to  see  whether  the  technique 
could  be  improved  with  our  present  appara- 
tus and  then  perhaps  later  to  determine 
whether  the  results  obtained  by  such  im- 
provement would  correspond  to  the  results 
obtained  in  Germany.  It  is  always-  desirable 
to  proceed  from  the  known  to  the  unknown, 
and  instead  of  jumping  wildly  from  one 
technique  into  another  of  unknown  quantity 
and  unknown  value,  I  proceeded  by  calcula- 
tions to  transform  my  former  technique  for 
deep  roentgentherapy  into  my  present  tech- 
nique. Generally  my  former  technique  con- 
•  sisted  of  5  milliamperes  of  current  at 
126,000  volts,  at  a  focal  skin  distance  of 
20  cm.  filtered  through  6  millimeters  of 
aluminum,  for  a  period  of  8  minutes.  My 
present  technique  consists  of  the  use  of 
5  milliamperes  at  126,000  volts,  filtered 
through  10  millimeters  of  aluminum  or  glass, 
at  a  focal  skin  distance  of  30  cm.,  for  a 
period  of  forty  to  fifty  minutes.  I  find  that 
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to  punctures  of  the  tubes  and  that  serves 
ecjually  well  for  filters.  For  this  purpose  the 
ordinary  glass  used  for  photographic  nega- 
tives was  cut  to  the  proper  size.  First  of  all 
we  made  a  direct  comparison  of  many  layers 
of  this  glass  and  in  our  own  laboratory 
found  it  to  be  uniform.  I  am  told  by  Pro- 
fessor Shearer  that  glass  is  not  uniform  in 
its  density,  and  therefore  I  caution  others 
against  the  use  of  glass  until  it  has  been 
compared  carefully  with  aluminum  or  some 
other  standard,  after  which  I  believe  that  it 
can  be  used  safely.  For  this  purpose  we  took 
10  millimeters  of  aluminum  and  10  milli- 
meters of  glass  and  with  the  current  such 
as  is  used  for  treatment  above  described  we 
were  able  to  prove  that,  at  least  so  far  as 
the  photographic  values  are  concerned,  the 
two  are  equal.  The  exposures  were  made  of 
ys,  Ya,  /^,  %  and  I  second.  In  order  to  form 
some  idea  of  the  relative  value  of  filters  such 
as  are  used  in  Germany  I  then  made  a  com- 
parison photographically  of  copper  and 
aluminum.  In  Germany,  as  you  will  recall, 
they  are  using  from  ^  to  i  millimeter  of 
copper  as  a  filter.  By  my  experiments  I  learn 
that  ^  millimeter  of  copper  is  equal  to  13 
millimeters  of  aluminum  measured  photo- 
graphically. 

With  the  above  technique  and  with  ex- 
posures lasting  from  forty  to  fifty  minutes 
(and  in  a  few  cases  I  have  given  sixty 
minutes),  it  is  self-evident  that  it  is  undesir- 
able from  every  standpoint  to  limit  our  field 
of  radiation  to  small  areas  such  as  we  have 
been  doing  in  the  past.  I  think  most  of  us 
have  gradually  increased  the  size  of  the  field 
of  exposure.  When  we  consider  that  the 
smaller  the  field  of  radiation,  the  less  the 
amount  of  secondary  radiation,  and  since 
we  must  acknowledge  that  the  secondary 
radiation  probably  does  as  much  as  the  pri- 
mary radiation  towards  destroying  malig- 
nant disease,  and  in  fact  may  be  the  sole 
cause  of  destruction  of  the  malignant  cells, 
the  relative  value  of  small  areas  and  much 
cross-firing  decreases.  It  is  always  desirable 
to  cross-fire  as  much  as  possible  providing 
we  are  actually  cross-firing,  but  mere  divi- 


sion of  the  surface  of  the  body  into  small 
areas,  as  I  have  often  seen  done,  does  not  ac- 
tually increase  the  cross-fire  value.  For  ex- 
ample, in  the  treatment  of  carcinoma  of  the 
uterus,  it  is  my  practice  to  treat  the  local  dis- 
ease directly  by  radium  and  then  to  cross-fire 
through  an  area  extending  from  the  svm- 
physis  pubis  to  the  umbilicus  and  to  the  an- 
terior superior  spines  on  each  side,  and  either 
use  this  as  one  area  for  treatment  or  divide 
it  into  two.  Then  a  similar  dose  is  given 
through  each  lateral  surface  of  the  pelvis  and 
one  or  two  similar  areas  posteriorly.  In  this 
way  all  parts  of  the  pelvis  are  irradiated  and 
I  have  seen  some  most  brilliant  results.  For 
example,  a  patient  referred  to  me  on  Sep- 
tember 30,  1920,  by  Dr.  Wm.  R.  Nicholson, 
was  considered  by  him  totally  inoperable. 
The  entire  cervix,  including  the  walls  of  the 
upper  part  of  the  vagina,  were  involved  by 
the  carcinoma,  making  a  total  area  of  malig- 
nant disease  7  or  8  cm.  in  diameter.  She  re- 
ceived 4200  milligram  hours  of  radium  treat- 
ment locally  and  two  courses  of  .t'-ray  treat- 
ment consisting  of  four  areas  in  each  course 
during  six  weeks.  At  the  end  of  two  and  a 
half  months  all  evidence  of  disease  had  dis- 
appeared. Even  in  recurrent  disease  about 
the  pelvis,  with  the  above  technique  I  have 
obtained  results  that  I  have  never  seen 
equalled  by  my  former  technique.  In  recur- 
rent and  metastatic  disease  of  the  breast  and 
in  primary  disease  of  the  breast  I  have  seen 
results  which  are  far  superior  to  those  ob- 
tained by  my  former  technique.  In  a  few 
primary  cases  that  for  some  reason  were 
considered  inoperable,  I  have  seen  all  palp- 
able evidence  of  malignant  disease  of  the 
breast  including  recurrent  and  metastatic 
nodules,  disappear  more  rapidly  and  more 
satisfactorily  than  formerly.  I  have  also  seen 
recurrent  nodules  disappear  that  gave  no  re- 
sponse to  the  technique  formerly  used. 

I  think  all  of  us  have  made  the  observation 
in  the  treatment  of  malignant  disease  that 
unless  a  pronounced  primary  effect  is  ob- 
tained and  the  disease  made  to  disappear 
within  a  few  months,  it  often  develops  a 
resistance  which  is  as  great  as  that  of  the 
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surrounding  tissues,  and  therefore  it  requires 
an  amount  of  treatment  necessary  to  destroy 
the  maHgnant  disease  such  as  will  also  des- 
troy the  surrounding  healthy  tissue.  I  be- 
lieve, therefore,  that  it  is  desirable  in  all  in- 
stances to  get  as  much  treatment  into  the 
malignant  disease  within  the  first  month  or 
two  as  can  be  borne  by  the  healthy  tissues, 
and  in  this  way  the  malignant  disease  Is 
destroyed  while  it  is  yet  more  sensitive  to 
radiation  than  the  healthy  tissue.  For  this 
reason  I  dislike  treating  a  patient  who  has 
been  inefficiently  treated  for  several  months 
and  then  referred  to  me  because  the  disease 
has  made  progress. 

Another  phase  of  this  newer  deep  roent- 
gen therapy  that  cannot  be  ignored  refers  to 
the  radiation  sickness.  Those  who  give  small 
and  frequent  doses  are  less  concerned  about 
the   radiation  sickness.   There  is,  however, 
nothing  magical  in  anyone's  technique  with 
regard  to  radiation  sickness.  It  is  probably 
a  measure  of  the  amount  of  radiation  and  the 
reaction  of  the  tissues  and  the  nervous  sys- 
tem therefrom.  Those  who  give  little  radia- 
tion will  therefore  have  little  radiation  sick- 
ness. We  immediately  found,  therefore,  that 
as  we  increased  the  length  of  our  exposures 
we  also  increased  the  radiation  sickness,  both 
in  frequency  and  degree.  We  are  hoping,  by 
careful  study  of  the  subject,  to  learn  how  to 
overcome  this  condition ;  but  for  the  present 
an  increase  of  the  interval  between  the  treat- 
ments or  doses  given  has  been  found  to  be 
our  best  safeguard.  One  cannot,  however.  I 
believe,  obtain  the  same  results  by  too  much 
division  of  dosage;  and  if  we  use  this  deeper 
technique  and  at  the  same  time  attempt  to 
give    it    in    fractional    doses,    the    expense 
thereof   will   be  correspondingly   increased, 
and  unless    most    carefully    managed    may 
allow  the  cancer  cells  to  mature  and  develop 
a  orreater  resistance  to  the  ravs.  As  it  is,  the 
expense    of    giving   a    dose   of    the    deeper 
therapy   is   greatly   increased   as   compared 
with  the  former  technique.  One  must,  there- 
fore, keep  the  practical  side  in  mind  until 
more  powerful  equipment  is  developed  and 


some  means  found  of  reducing  the  expense 
due  not  so  much  to  apparatus,  electricity, 
etc.,  as  to  human  service. 

With  increase  in  the  length  of  exposure 
one  also  encounters  the  increased  danger  of 
stray  radiation  and  secondary  radiation. 
Therefore  greater  precautions  are  necessary 
to  guard  against  leaking  tube  shields,  or  any 
other  form  of  stray  radiation.  As  a  step  in 
this  direction,  I  have  designed  the  protecting 
device  previously  described.^  If  more  power- 
ful apparatus  is  developed  w^e  must  also  keep 
in  mind  that  with  increased  power  comes 
increased  danger,  which  necessarily  calls  for 
increased  precautions. 

I  believe  the  technique  above  described  to 
be  a  definite  advance.  It  will  probably  be  fur- 
ther modified  and  further  developed,  but  so 
far  it  is  adaptable  to  our  present  outfits,  and 
if  used  with  great  caution  greater  beneficial 
results  can  be  obtained.  I  think  we  may  draw 
the  following  conclusions  at  present : 

1.  Increased  filtration,  with  increased 
focal  skin  distance,  will  increase  the  value 
of  deep  radiation  as  compared  to  the  surface 
efifect. 

2.  Bv  increasing  the  above  two  factors  the 
time  of  radiation  is  greatly  increased — prob- 
ablv  five- fold.  This  prolonged  radiation  in 
itself  may  be  an  important  factor  in  pre- 
venting cell  division  and  regeneration  of  the 
cancer  cells. 

3.  Radiation  sickness  is  increased,  and 
extra  effort  must  be  made  to  overcome  this 
efifect. 

4.  The  greatest  caution  must  be  observed 
in  keeping  the  filters  in  place  and  at  their 
full  prescribed  quantity. 

5.  Increased  protection  is  necessary  for 
both  the  patient  and  the  operator. 

6.  The  clinical  results  obtained  from  this 
new  deeper  technique  excel  those  obtained 
formerly. 

lA  New  Device  for  Increasing  the  Protection  of 
Both  the  Patient  and  the  Roentgenologist.  Presented 
before  the  Philadelphia  Roentgen  Society  January 
13,  1921,  and  The  American  Roentgen  Ray  Society, 
Atlantic  City,  N.  J.,  January  29,   1921. 
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ITH  the  increase  of  power  in  our  ex- 
citing   apparatus    there    has    been    a 
progressive  increase  in  dangers  to  both  the 
patient  and  the  roentgenologist.  These  dan- 
gers consist  primarily  of  injuries  from  the 
high   tension    current   to    either   patient   or 
roentgenologist,  and   secondarily   and   more 
insidiously    the    dangers  from  strav  radia- 
tion. With  the  death  of  one  physician  and 
two  patients  during  the  past  two  years  from 
accidental  contact  with  the  high  tension  cir- 
cuit it  is  incumbent  upon  us  to  utilize  every 
means  possible  to  eliminate  such  possibilities  ; 
and  while  the  device  which  is  here  described 
briefly  and  illustrated  more  particularly  may 
not  give  absolute  security,  it  surely  does  give 
increased  protection.  It  is  important  to  see. 
of  course,  that  there  are  no  loose  wires  or 
any  that  are  likely  to  become  loose ;  but  there 
still  remains  the  possibility  that  during  an 
examination  a  patient  may  bring  some  part 
of  his  body  within  sparking  distance  of  the 
high  tension  current,  and  we  know  that  when 
the  arc  once  starts  through  the  air,  which 
ordinarily  is  an  insulator,  but  which  then 
becomes  a  conductor,  a  large  amount  of  cur- 
rent can  easily  flow  into  the  patient,  and  the 
results  above  referred  to  indicate  the  danger. 
The  danger  from  stray  radiation  to  both 
the  patient  and  the  operator  has  increased 
with    the   increased   voltage   and    filtration. 
While  these  stray  rays  are  never  as  strong 
as  those  applied  directly  to  the  part  being 
treated,  as  we  increase  the  time  of  exposure 
(which  increases  with  the  amount  of  filtra- 
tion), any  escape  of  stray  rays  through  the 
opening  in  the  glass  shields  becomes  a  serious 
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danger  to  both  patient  and  roentgenologist ; 
and  while  the  roentgenologist  is  farther 
away  than  the  patient,  he  is  exposed  to  these 
stray  rays  over  so  much  longer  period  of 
time  that  they  become  a  danger  to  him.  For 
instance,  most  of  us  who  are  now  using  5 
milliamperes  of  current  and  9  inch  parallel 
spark  gap,  can  give  an  erythema  dose  of 
unfiltered  rays  in  approximately  one  minute 
at  a  distance  of  8  inches.  With  increased 
filtration  to  10  millimeters  of  aluminum  and 
increased  distance  to  12  inches  the  time  is 
increased  to  as  much  as  fifty  minutes  and 
therefore,  even  though  only  one-tenth  or 
one-hundredth  as  much  radiation  comes 
through  the  opening  in  the  glass  bowl  as  is 
passed  through  the  opening  in  the  dia- 
phragm, it  becomes  a  serious  danger  to  both 
the  patient  and  the  operator. 

As  a  step  towards  overcoming  these  dan- 
gers above  described.  I  have  made  use  of 
opac[ue  rubber  which  contains  approximately 
25  per  cent  of  lead  and  which  has  an  insulat- 
ing value  equivalent  to  a  4  inch  spark.  That 
is,  it  will  force  a  spark  to  leap  around  the 
edge  for  a  distance  of  12  inches  before 
puncturing  the  rubber.  But  since  the  distance 
from  the  terminal  of  the  tube  to  the  top 
of  the  rubber  is  only  8  inches  the  actual 
insulation  value  is  only  about  4  inches,  be- 
cause the  current  tends  to  creep  along  the 
rubber  to  about  one  half  the  air  spark  re- 
sistance. The  rubber  is  about  3  millimeters 
thick,  and  is  sold  as  Hercules  red  rubber 
packing.  A  piece  of  this  rubber,  12  inches  by 
18  inches,  is  attached  to  the  base  of  the 
diaphragm  and  is  then  curved  over  the  ends 
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Fig.  a  (above).  Lateral  View,  showing  the  opaque 
lead  rubber  curved  aliout  the  ends  of  the  tube  and 
closing  off  the  line  of  radiation  through  the  open- 
ings in  the  tube,  (i)  The  opaque  rubber.  (2)  Re- 
inforcement layer.  (3)  Springs  and  hooks  holding 
the  top  of  the  lead  rubVier  together  across  the  top 
of  the  lead  glass  shield. 

Fig.    B    (middle).    Front   view   of   protective   shield. 

Fig.  C  (beloz^').  Top  view  of  protective  shield. 


of  the  tubes  and  the  wires,  and  is  folded  back 
towards  the  glass  bowl  so  as  to  cover  both 
the  front  and  the  back  and  at  the  same  time 
to  carry  the  wires  upward  8  inches.  The  cen- 
tral portion  of  this  rubber  directly  in  front 
of  the  terminals  of  the  tube  is  reinforced  by 
another  thickness  of  this  rubber,  6  inches  by 
6  inches,  which  increases  the  insulation  and 
increases  the  protection  against  the  roentgen 
ray.  The  upper  ends  of  this  rubber  are 
fastened  together  by  cords  and  small  hooks 
so  that  they  can  be  easily  released  when 
it  is  necessary  to  change  the  tube.  The  chang- 
ing of  tubes  is  fortunately  not  so  frequent 
as  was  necessary  with  the  old  type  of  gas 
tube,  and  therefore  the  inconvenience  of 
making  these  connections  is  of  secondary  im- 
portance. This  rubber  protection  can  be 
adapted  to  any  type  of  tube  holder.  At  least, 
we  have  adapted  it  to  six  different  types  used 
in  our  laboratory  and  while  I  am  only  illus- 
-  trating  one,  a  little  ingenuity  on  the  part  of 
the  roentgenologist  or  a  mechanic  will  enable 
him  to  adapt  the  device  to  anyone's  use. 
The  photographs  have  been  made  in  three 
different  views  and  I  think  illustrate  the 
attachment  and  application  better  than  I  can 
do  by  description.  On  one  tube  stand  we  have 
found  an  advantage  in  extending  the  cords 
over  a  cross-piece  resting  on  two  posts  which 
fit  over  the  rim  of  the  glass  bowl  or  shield. 
This  carries  the  support  higher  and  makes 
the  tension  less  upon  the  .terminals  of  the 
tube. 

This  protecting  device  moves  easily  with 
the  tube  holder  and  glass  shield  and  is  no 
inconvenience.  While  it  does  not  give  abso- 
lute protection  either  against  the  high  ten- 
sion electric  current,  or  the  radiation,  it  is  a 
good  step  in  the  right  direction. 
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By  will  WILKINSON,  M.D. 

PHOEXIX.   ARIZONA 


FOR  the  past  decade  jr-ray  men  have  been 
the  cavalry  of  the  great  and  splendid 
army  of  medical  men,  and  I  appreciate  the 
honor  of  being  made  a  member  of  a  society 
all  of  whom  are  imbued  with  the  "let's  go" 
spirit. 

It  occurred  to  me  that  in  one  respect  I 
am  treading  in  the  path  of  my  illustrious 
confrere  and  fellow-townsman,  Dr.  Warner 
Watkins,  who  usually  starts  something 
whenever  he  appears  before  you.  It  is  a  little 
surprising  that  .r-ray  therapy  is  a  recognized 
treatment  for  glandular,  bone,  skin  and  peri- 
toneal tuberculosis,  but  has  l:)een  so  little 
applied  in  chronic  lung  trouble.  The  sub- 
sternal lymph  glands  are  usually  the  primary 
foci  of  infection,  and  the  arrest  of  the 
disease  is  complete  or  partial  in  proportion  to 
the  fibrosis  and  calcification  of  chest  lymph 
glands.  Careful  workers  have  very  generally 
reported  success  in  the  treatment  of  tuber- 
culous cervical  glands.  Why  not  give  tuber- 
culous bronchial  glands  the  same  treatment? 

The  proven  value  of  the  .r-ray s  in  unre- 
solved pneumonia  has  established  its  place 
in  the  treatment  of  this  disease  of  the  chest. 
Furthermore,  it  is  admitted  that  it  is  the 
actinic  rays  of  the  sun  that  are  responsible 
for  the  brilliant  results  of  solar  therapy  in 
all  forms  of  tuberculous  infection.  Also  we 
now  know  that  the  sun's  rays  are  physically 
the  same  as  .r-ray s,  only  much  softer.  I 
believe  the  greater  penetration  of  .t"-rays 
makes  them  especially  valuable  in  the  treat- 
ment of  deep-seated  tuberculous  foci  in  the 
lungs,  and  that  we  are  really  putting  sun- 
shine inside  the  chest. 

Dr.  J.  D.  Gibson,  of  Denver,  was  one  of 
the  pioneers  in  .r-ray  therapy :  he  gives  this 
remedv  the  foremost  place  in  the  complete 
arrest  of  his  own  lung  disease  some  twenty 
years  ago.  Since  that  time  he  has  had  a  very 


large  clinical  experience  with  .r-ravs  in  oflice 
treatment  of  consumptives.  After  being  in 
general  practice  in  Phoenix,  where  about 
half  my  work  was  with  tuberculous  patients, 
I  had  the  opportunity  of  \  isiting  Dr.  Gibson. 
He  showed  me  a  large  number  of  chest  plates 
of  his  patients,  and,  with  few  exceptions,  the 
cases  that  persisted  in  the  treatment  showed 
marked  reduction  in  the  substernal  gland 
shadows.  As  I  went  over  his  case  records 
and  interviewed  his  patients,  I  was  con- 
\inced  that  they  improved  in  appetite,  weight 
and  strength  much  more  rapidly  than  mv 
own  tuberculous  patients,  or  those  of  anv 
practitioner  with  whose  work  I  was  familiar. 

In  a  recent  article.  Dr.  Gibson  says:  'The 
fact  is,  the  .r-ray  is  probably  the  greatest 
blessing  ever  bestowed  in  one  agent  upon 
suft'ering  humanity  through  the  medical  pro- 
fession. A-ray  diagnosis  has  saved  its  thous- 
ands, but  radiotherapy  when  properlv  recog- 
nized will  save  its  millions.  It  has  a  range 
of  therapeutic  effect  from  producitig  the 
gentle  stimulation  with  slight  hyperemia,  on 
to  over-stimulation  and  inhibition,  until  de- 
struction of  tissues  results." 

Again,  from  the  same  paper:  "I  made  the 
claim  many  years  ago  that  the  opsonic  index 
should  be  controlled  and  regulated  by  means 
of  the  .r-ray.  Dr.  Crane,  of  Kalamazoo,  and 
Dr.  ^[cCullough.  of  Londoti,  have  sustained 
this  contention.  Later,  I  ascertained  that 
with  the  hyperemia  and  engorgement  pro- 
duced in  tissues  by  means  of  the  .r-ray, 
changes  developed  in  the  tissues  which  had 
for  their  final  effect  the  creation  of  homo- 
logous vaccine  from  the  antigens  developed 
within  the  patients'  own  tissues.  These  vac- 
cines, antitoxins  and  antibodies,  generated  in 
Nature's  own  wav,  give  us  a  most  ideal 
autogenous  vaccine." 

Other  writers  have  called  attention  to  the 
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improvement  in  lung  trouble  when  only  the 
cervical  glands  were  being  rayed,  and  at- 
tributed the  benefit  to  autogenous  vaccina- 
tion from  the  cervical  glands.  Dr.  Gibson 
gives  a  series  of  blood  counts  made  on  a 
number  of  cases  which  show  a  decided  in- 
crease in  the  mononuclear  cells. 

A  very  interesting  paper,  entitled  "Experi- 
mental Studies  with  Small  Doses  of  X-Ray," 
appeared  in  the  Lancet  of  April  26,  191 9. 
Dr.  Russ  and  his  coworkers  studied  their 
effects  upon  the  blood  and  found  the  mono- 
nuclears more  markedly  affected  than  the 
reds  or  polynuclears.  I  quote  at  some  length 
his  results: 

"We  have  obtained  identical  results  upon 
the  lymphocytes  with  unscreened  medium 
;r-rays  and  with  very  hard  rays  screened  by 
7  mm.  of  aluminum. 

"From  the  results  of  many  experiments 
devised  to  determine  the  nature  of  the  action 
of  the  .r-rays  on  the  lymphocytes,  it  has  been 
concluded  that  the  action  is  a  direct  one  upon 
these  cells  in  circulation.  One  such  experi- 
ment was  as  follows  -. 

"A  rat  completely  screened  by  lead  except 
for  a  region  over  the  heart,  was  exposed  to 
a  parallel  beam  of  .r-rays;  the  exposure  was 
adjusted  so  that  the  circulating  blood  should 
receive  the  same  amount  of  .t'-ravs  as  it 
would  by  exposing  the  whole  animal  for 
about  one  minute.  The  fall  and  recoverv 
curves  of  the  lymphoc\'tes  were  obtained  and 
charted.  They  were  nearly  identical. 

"The  fact  that  the  lymphocvtes  disappear 
from  the  circulation  in  such  large  numbers 
after  an  exposure  lasting  but  two  seconds 
leads  us  to  doubt  very  stronglv  that  this  is 
due  to  their  destruction,  especiallv  as  thev 
reappear  with  great  rapidity.  It  is  not  a 
direct  local  effect  of  the  radiation  upon  the 
tissues,  for  no  local  accumulation  occurs  in 
the  irradiated  area,  nor  have  we  detected  anv 
alteration  in  the  general  distribution  of  the 
lymphocytes  through  the  lungs,  liver  or  kid- 
neys, as  they  have  been  examined  from  this 
point  of  view. 

"If  lymphocytes  in  vitro  be  given  a  dose 
one  thousand  times  as  large  as  that  required 
for   these  effects   in   vivo,   no   degenerative 


changes  are  detectable  microscopically  and 
no  diminution  in  their  numbers  is  observed. 

"A  rat,  when  given  a  small  dose  of  .r-rays 
(twelve  seconds)  shows  a  50  per  cent  reduc- 
tion of  its  circulating  lymphocytes  one  hour 
later;  then  it  begins  to  recover  and  in 
twenty- four  or  forty-eight  hours  is  normal 
again.  If  the  same  dose  is  administered  a 
fortnight  later,  a  similar  drop  occurs,  the  re- 
covery is  slightly  delayed,  but  the  numbers 
of  lymphocytes  finally  reached  is  generally 
greater  than  at  the  beginning.  Repeated  ap- 
plication of  such  a  small  dose  may  result  in  a 
high  degree  of  lymphocytosis.  The  circulat- 
ing lymphocytes  in  the  two  cases  depicted 
have  increased  from  11,000  and  25,000  to 
112,000  and  117,000  per  cm.  respectively; 
corresponding  counts  for  the  polynuclear 
leucocytes  were  initially  5,000  and  5,000, 
terminating  in  10,000  and  14,000  per  cm. 
respectively. 

"There  is  clear  evidence  of  instability  in 
the  blood  contents  of  these  irradiated  ani- 
mals, but  the  number  of  lymphocytes  rarely 
drops  so  low  as  the  normal  level,  even  several 
months  after  the  exposures  have  ceased. 

"Exactly  what  are  the  best  radiation  con- 
ditions for  the  production  of  this  lymphocy- 
tosis it  is  not  yet  possible  to  say.  Large  doses 
may  eventually  produce  the  condition,  but 
are  to  be  avoided,  owing  to  their  injurious 
nature.  It  is  uncertain,  at  present,  whether 
a  small  dose  repeated  at  very  short  intervals 
produces  the  result.  One  batch  of  eleven 
animals  was  given  small  daily  doses  (twelve 
seconds)  over  a  period  of  two  months.  The 
average  of  the  lymphocyte  counts  before  ir- 
radiation was  19,000;  three  days  after  the 
last  dose  of  .r-rays,  it  was  27.000,  and  no 
marked  rise  was  detected  later,  although 
counts  were  made  upon  some  of  the  animals 
for  another  two  months. 

"It  has  been  shown  in  a  previous  publica- 
tion by  two  of  us  that  when  sarcoma  cells 
(Jensen's  rat  sarcoma)  are  inoculated  into 
rats  wliich  had  been  previouslv  immunized, 
the  failure  of  the  sarcoma  to  grow  is  asso- 
ciated with  some  special  activity  on  the  part 
of  the  lymphocytes. 

"The  further  experimental  fact  acquired 
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was  that  if  immune  rats  were  given  a  dose  of 
;ir-rays  sufficiently  large  to  cause  and  main- 
tain a  marked  lymphopenia,  then  such  im- 
mune animals  became  once  more  susceptible 
to  the  growth  of  the  sarcoma." 

X-ray  workers  have  become  sterile,  and 
we  are  able  to  induce  the  menopause  and 
sterility  in  women,  whenever  indicated.  It 
may  be  that  the  reproductive  power  of  the 
tubercle  bacillus  is  reduced  by  the  Gibson 
method  of  .r-ray  treatment  and  its  virulence 
destroyed. 

During  the  past  seven  years,  I  have  been 
treating  consumptives  with  .;r-rays  and  most 
of  them  were  decidedly  benefited.  I  have  also 
had  a  good  success  in  relieving  winter 
coughs  which  would  not  respond  to  cough 
mixtures.  Three  to  six  exposures  on  alter- 
nate days  are  usually  sufficient  in  these  cases. 

As  an  illustration,  I  cite  the  case  of  a 
young  mining  engineer  who  for  four  years 
after  coming  to  Arizona  did  not  improve 
greatly  and  was  unable  to  work.  In  the  fall 
of  1913,  I  gave  him  a  three  months'  course 
of  .r-ray  treatment.  There  was  marked  im- 
provement in  cough,  and  pulse  dropped  to 
eighty ;  by  early  spring  he  went  to  work  and 
has  not  lost  much  time  since.  Last  fall  and 
winter  he  took  another  course  of  treatment, 
of  five  months'  duration,  with  decided  bene- 
fit in  his  general  condition.  The  radiographs 
of  his  chest  showed  marked  increase  in  peri- 
bronchial fibrosis,  with  scattered  areas  of 
calcification  and  diminution  in  the  width  of 
the  hilus  shadow. 

TECHNIQUE 

We  give  treatments  three  times  a  week, 
alternately   exposing   the   anterior   and   the 


posterior  chest,  using  2  to  3  ma.,  6  in.  spark, 
15  in.  distance,  5  to  10  minutes  time,  and 
3  mm.  of  aluminum  as  filter.  In  many  cases, 
we  begin  with  a  dose  somewhat  less  than 
the  above,  especially  if  the  case  has  rapid 
heart  and  slight  temperature,  applying  the 
lesson  taught  by  heliotherapy,  that  the  tu- 
berculous patient  must  begin  with  very  short 
sun  baths. 

To  sum  up,  we  believe  that  when  jr-ray 
therapy  is  properly  used  in  incipient  tubercu- 
losis, especially  with  those  who  have  im- 
proved or  are  at  a  standstill,  most  of  them 
will  be  decidedly  benefited.  As  in  pneumonia, 
inflammation  and  congestion  are  relieved, 
adhesions  are  absorbed  to  some  extent, 
lymphocytes  are  increased,  infected  lymph 
pflands  become  shriveled  and  cease  to  be  foci 
of  infection.  Fibrosis  and  calcification  are 
promoted,  the  pulse  rate  is  lowered,  and  the 
blood  pressure  approaches  normal.  With  the 
improved  circulation  and  elimination,  pa- 
tients sleep  and  eat  better  and  gain  in  weight. 
Expectoration  becomes  at  first  freer  and 
then  thinner  and  gradually  decreases.  The 
cases  progress  toward  complete  arrest  much 
more  rapidly  than  they  would  without  the 
.r-ray  therapy. 

Later,  we  hope  to  be  able  to  report  a  series 
of  cases  with  blood  and  .r-ray  findings  be- 
fore, during  and  after  courses  of  .r-ray 
treatments. 

[Note.  The  technique  we  are  now  using  is 
5  ma.,  9  s.  g.,  15  in  Tg.  Sk.  and  3  to  6  minutes 
time,  according  to  temperature  reaction  of  pa- 
tient. We  do  not  want  more  of  a  reaction  than 
that  of  a  light  vaccination.  This  dose  is  given 
two  or  three  times  a  week,  alternately  an- 
teriorly and  posteriorly.] 


A  ROENTGEN  STUDY  OF  DUST  INHALATION  IN  THE 

GRANITE  INDUSTRY* 
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"D  ARRE,  Vermont,  being  the  largest  gran- 
■^^  ite  center  in  the  world,  the  opportunity 
to  study  granite  dust  inhalation  is  excep- 
tional. A  permanent  residence  in  Barre  rules 
out  the  time  factor  and  makes  it  possible  to 
carry  the  work  to  any  conclusion  thought 
advisable.  Practicing  eye,  ear,  nose  and 
throat  for  the  past  twelve  years  among 
granite  cutters,  one's  attention  could  not  fail 
to  be  focused  sooner  or  later  on  their  respira- 
tory troubles,  and  becoming  interested  in 
the  problem  a  hospital  transformer  was  pur- 
chased in  1 91 7  for  office  use  in  the  hope  that 
with  its  assistance  some  knowledge  might  be 
gained  of  the  chest  condition  of  these  men 

INTRODUCTION 

The  accumulation  of  cases  was  slow  and 
the  advent  of  The  National  Tuberculosis  As- 
sociation in  the  field  during  191 9  was  wel- 
comed. Through  its  Committee  on  INIortality 
from  Tuberculosis  in  the  Dusty  Trades,  an 
investigation  of  the  granite  industry  was 
started,  because  it  was  thought  that  the  gran- 
ite industry  of  all  the  dusty  trades  would 
show  the  highest  mortality  from  tubercu- 
losis. The  investigation  was  divided  into 
three  phases:  a  statistical  inquiry,  a  mechani- 
cal process  inquiry,  and  the  medical  exam- 
inations. Dr.  Edward  R.  Baldwin  of  Saranac 
Lake  is  chairman  of  the  medical  work,  and 
the  writer  wishes  at  this  time  to  acknowledge 
his  unfailing  encouragement  and  helpful 
guidance  which  has  made  this  work  possible. 
for  there  are  many  things  to  be  done  in  an 
investigation  of  this  kind  before  1240  men 
are  interested  and  vote  to  appear  for  the 
actual  work.  Through  the  trying  prelimin- 
aries when  the  work  hung  in  the  balance  Dr. 
Baldwin's    assistance    was    invaluable.    The 


writer  owes  a  debt  of  gratitude  to  Dr.  Ken- 
non  Dunham  for  blazing  the  trail,  as  his 
work  saved  much  valuable  time,  labor  and 
worry.  Without  Prof.  William  Snow  Mil- 
ler's work  on  anatomy  of  the  lungs,  which 
was  at  hand  for  reference  and  study,  some  of 
the  observations  recorded  would  have  been 
impossible.  The  granite  cutters  have  shown 
a  remarkable  spirit  of  cooperation.  They  did 
not  appear  because  of  any  illness,  but  came 
up  for  examination  in  routine  order  by  pre- 
vious arrangement.  ]\Iany  of  them  had  never 
had  occasion  to  consult  a  physician  before. 
They  were  all  able  to  work  and  considered 
themselves  in  good  health.  As  the  work  pro- 
gressed serial  films  of  these  men  were  sug- 
gested and  from  the  helpfulness  received 
from  the  few  cases  studied  serially  it  seems 
advisable  to  extend  the  serial  idea  to  a 
greater  number.  Ten  years  will  probably  be 
consumed  before  conclusions  can  be  drawn, 
so  at  this  time  a  preliminary  report  is  pre- 
sented on  the  386  men  thus  far  examined. 
This  number  have  all  been  taken  stereo- 
scopically,  and  it  is  planned  to  continue  the 
examinations  until  1,000  have  been  ex- 
amined 

Nature  of  Report. — There  are  so  many 
points  worthy  of  detailed  discussion  that  at 
this  time  only  a  survey  of  the  general  factors 
influencing  the  appearance  of  the  films  will 
be  considered.  As  soon  as  possible  separate 
studies  of  the  apices,  annular  shadows,  medi- 
astinum, heart  shadow,  hilus,  diaphragm, 
and  Dunham's  fans  will  be  reported,  but  in 
the  present  paper  only  a  general  development 
of  the  lung  lesion  will  be  considered. 

REVIEW    OF    LITERATURE 

Roentgenological. — In  this  country  at  least 

^Read   by   invitation    at    the   Twenty-tirst   Annual   Meeting   of    The    American    RoENrr-.KN    Ray    Society,    Minneapolis,    Minn., 

September    14-17,    1920. 
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very  little  seems  to  have  been  done  in  system- 
atically investigating  a  dusty  trade  by  means 
of  the  roentgen  ray.  The  work  at  Barre^ 
represents  the  first  work  of  the  Committee 
on  Mortality  from  Tuberculosis  in  the  Dusty 
Trades.  The  only  other  investigation  is  rep- 
resented by  the  valuable  contribution  to  be 
found  in  United  States  Health  Bulletin  No. 
8j,    issued    January,    191 7.    comprising    A 


reference  to  the  roentgenographic  appear- 
ance of  the  lungs  in  dust  inhalation  except  in 
Barker's  article  in  Monographic  Medicine  in 
which  a  brief  reference  was  made.  He  states 
that  the  text  books  on  roentgenography  con- 
sulted were  all  silent  except  Robert  Knox 
and  Rieder.  He  was  able  to  find  only  one 
journal  article,  and  that  by  a  German  writer 
who   reported   five   cases.    In    1918,    in   the 


Fig.  I  (130).  Exposure  eighteen  years.  Granite 
Pneumoconiosis  stage  B.  Notice  peribronchial 
thickening  which  is  so  common  in  granite  cutters 
with  complete  al)sence  of  constitutional  symptoms. 


Clinical  Study  of  42s  Cases  of  Miners'  Con- 
sumption among  Zinc  Miners  in  South- 
zvestern  Missouri,  by  A.  J.  Lanza,  with  a 
chapter  on  Roentgen  Ray  Findings  in  150 
Cases,  by  Dr.  Samuel  B.  Childs  of  Denver. 
In  The  American  Journal  of  Roentgen- 
ology for  June,  191 7,  Dr.  W.  W.  Boardman 
reported  three  cases  dealing  with  dust  inhala- 
tion. After  a  thorough  search  of  the  litera- 
ture he  comments  on  the  fact  that  it  seems 
to  be  remarkably  free  from  any  discussion 
of  this  subject.  He  states  that  in  the  standard 
works  on    clinical    medicine    there    was    no 


Fig. 


2     (355)-    Exposure    eighteen    years.    Granite 
Pneumoconiosis  stage  C. 


March  number  of  The  American  Journal 
OF  Roentgenology,  Pancoast,  Miller  and 
Landis  reported  137  cases  gathered  from 
eight  industries.  Abroad  one  finds  The  Gen- 
eral Report  of  the  Miners'  Phthisis  Preven- 
tion Committee  of  South  Africa,  published 
under  date  of  March  15,  1916.  In  this  report 
of  189  pages  only  three  and  one  half  are 
devoted  to  a  report  of  the  8,000  radiographic 
examinations  made.  It  is  not  stated  whether 
the  exposures  were  made  stereoscopically  or 
not.  The  work  of  Collis"  in  England  devotes 
very  little  space  to  the  roentgenographic 
phase,  being  more  in  the  nature  of  a  statis- 
tical study. 
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PatJwlogical. — The  South  African  Report 
states  that  "it  is  important  to  understand 
the  distribution  of  the  lymphatic  channels 
since  it  is  by  their  means  that  dust  i)articles 
which  haye  been  conyeyed  into  the  lung  are 
distributed  through  the  organ."  Intermediate 
silicosis  may  be  defined  as  a  diffuse  fibrosis 
due  to  the  gradual  accumulation  of  mineral 


Fig.  3  (129).  Granite  fibroid  pneumoconiosis  stage  A. 
Exposure  twenty-five  years. 

particles  in  the  lymphatic  capillaries  as  a 
result  of  chronic  obstruction  of  the  lympha- 
tic circulation.  Dr.  LeRoy  Gardner  of  Sar- 
anac  Lake  Laboratory  is  in  charge  of  the 
pathological  work  connected  with  the  inyesti- 
gation  and  the  following  extract  is  from  his 
paper  read  before  The  National  Tuberculosis 
Association  at  its  annual  meeting  in  1920: 

"In  guinea  pigs  after  about  three  weeks' 
exposure  small  amounts  of  dust  may  be 
found  enclosed  in  mononuclear  intro-alyeo- 
lar  cells  which  often  show  mitotic  figures. 
These  cells  are  scattered  eyerywhere  in  the 
alveoli  from  the  pleura  to  the  hilum.  At 
about  two  months  some  of  these  intra-alyeo- 
lar  cells  have  begun  to  mobilize  and  have 
formed  considerable  collections  of  cells  often 


so  closely  packed  as  to  simulate  giant  cells. 
These  cell  masses  lie  in  the  alveoli  along  the 
course  of  the  ductuli  alveolares  and  about 
and  within  the  small  lymphoid  collections 
occurring  in  the  periphery  of  the  lungs.  As 
Miller  has  shown,  such  collections  occur  at 
the  distal  ends  of  the  ductuli  alveolares  and 
at  the  division  points  of  the  vessels.  Dust 
has  already  passed  through  the  lung  and 
lodged  in  small  amounts  in  the  tracheo- 
bronchial lymphatics.  From  three  to  seven 
months  the  same  process  continues  with  a 
steady  increase  in  the  amount  of  dust  de- 
posit. The  invasion  of  the  lymphoid  tissue 
of  the  lung  is  more  extensive  and  the  larger 
nodules  at  the  bifurcation  of  the  bronchioles 
and  bronchi,  become  involved.  All  of  the 
lymphoid  tissue  of  the  lung  becomes  very 
active  and  mitotic  figures  are  very  common 
even  in  the  normally  small  peripheral  collec- 
tions. If  the  animal  be  set  aside  after  dust 
exposure  the  lung  makes  rapid  and  effective 
effort  to  rid  itself  of  the  irritant.  The  clear- 
ing process  has  only  been  observed  up  to 
three  months  in  animals  dusted  for  seven 
months  previously,  but  at  that  time  practic- 
ally all  the  dust  is  collected  within  large 
aggregations  of  round  or  oval  mononuclear 
cells  which  lie  in  the  immediate  vicinity  of 
much  enlarged  lymph  nodules.  Heavy  de- 
posits occur  within  such  nodules  and  within 
the  tracheo-bronchial  lymph  nodes. 

Cotu position  of  Barr'c  Granite: 

Silicon  Dioxide     69.56 

Aluminum  Oxide 15-38 

Iron  Oxide 2.65 

Magnesia  Oxide Trace 

Calcium  Oxide      1.76 

Sodium  Oxide 5.38 

Potassium  Oxide     4.31 

Manganese Trace 

Loss  on  ignition,  CO2  and  moisture   1.02 

100.06 
"According  to  (iardner*  when  examined 
under  the  microscope  the  unscreened  dust 
may  be  roughly  divided  into  large  and  small 
particles.  The  former,  which  could  not  possi- 
blv  be  concerned  in  an  inhalation  experiment, 
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Fig.  4  (227).  Exposure  thirty-three  years.  Working  every  day.  Granite  fibroid  pneumoconiosis  stage 
C.  Only  symptoms  slight  cough,  slight  expectoration.  Physical  examination  negative. 
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show  an  average  size  of  82  bv  84  microns 
(ocular  micrometer  measurement).  The 
smaller  particles  average  4.3  by  6.3  microns 
with  a  minimum  of  .028  by  1.4  microns  by 
actual  measurement.  In  shape  the  particles 
may  vary  greatly.  Some  are  flattened  poly- 
gonal masses  with  sharply  cut  edges  and  cor- 
ners. Others  are  rod-^ehaped,  often  slightly 
curved,  with  sharply  horizontal  or  square  cut 
ends.  Frequent  vegetable  cells  and  fibers  are 
noted." 

Samples  of  dust  resulting  from  the  use 
of  the  pneumatic  tool  have  been  examined 
by  means  of  a  small  giant  magnet  made  by 
the  Victor  .Y-Ray  Corporation,  and  consid- 
erable steel  has  been  extracted  from  a  given 
quantity  by  means  of  the  magnet,  2  drams  of 
granite  dust  yielding  2  grains  of  steel.  From 
this  experiment  it  will  be  seen  that  we  are 
dealing  with  two  kinds  of  dust,  that  from  the 
stone  being  worked  and  that  from  the  tool 
used  in  working  it.  giving  rise  not  only  to  a 
silicosis  but  to  a  siderosis  as  well. 

PRESENT    PROBLEM 

In  191 5,  we  find  in  Barre  2,050  granite 
cutters  working,  while  in  191 9  we  find  only 
1240.  The  question  suggesting  itself  whether 
this  condition  was  peculiar  to  Barre  alone. 
the  total  number  of  cutters  for  the  United 
States  was  investigated  and  it  was  found 
that  there  was  a  corresponding  diminution 
in  the  number  of  cutters  throughout  the 
whole  country.  For  a  number  of  years  before 
the  war  immigration  showed  a  decrease,  and  - 
for  the  same  numlier  of  years  the  number  of 
entering  apprentices  was  also  very  small. 
The  statistician  returned  the  report  that  an 
analysis  of  the  death  certificates  for  the  past 
twenty  years  in  \\^ashington  County  indi- 
cated that  86  per  cent  of  the  cutters  died  from 
tuberculosis.  The  roentgen  ray  stud\'  was 
undertaken  to  assist  in  determining"  the  inci- 
dence of  tuberculosis  among  living  cutters. 

Technique. — It  was  annoying  to  develop 
the  films  of  the  cutters  taken  during  the  day 
only  to  find  that  there  was  such  a  variation 
in  the  quality.  Exposures  were  made  basing 
the  changes  in  technic[ue  upon  the  difference 


in  weight  that  the  men  presented,  but  this 
necessitated  so  much  attention  to  the  details 
of   developing,   offsetting  over-exposure   in 
some  instances  and  under-exposure  in  others, 
that  it  was  finally  decided  to  make  every  fac- 
tor constant  except  that  of  time,  and  a  de- 
tailed set  of  measurements  was  instituted  in 
order  to  discover  if  possible  a  measurement 
or  measurements  upon  which  exposure  time 
might  be  based.  Measurements  were  taken 
as  follows:  From  the  fifth  dorsal  vertebra 
by  means  of  a  pelvimeter  to  a  corresponding 
point  upon  the  sternum,  from  the  left  nipple 
to  a  corresponding  point  upon  the  scapula, 
from  the  sixth  rib  in  the  axilla  to  a  corres- 
ponding point  in  the  opposite  axilla.  These 
measurements  were  entered  in  the  appropri- 
ate columns  and  with  them  the  weight  and 
height.    The  films  were  then  developed   in 
Eastman  developer,  using  standard  time  and 
temperature,  and  the  results  noted.  Two  hun- 
dred and  thirty-five  sets  were  necessary  be- 
fore the  table  was  worked  out,  and  the  day's 
work  showed  uniform  quality  regardless  of 
weight  or  height.  At  first  thought  it  was  felt 
that  the  measurement  through  that  part  of 
the  chest  representing  lung  area  would  be 
the  most  satisfactory,  but  with  the  complete 
data  at  hand  whenever  the  fifth-dorsal-to- 
sternum  measurement  coincided  in  the  day's 
work  the  films  showed  the  same  quality,  but 
when    other    measurements    coincided    the 
Cjuality  varied  greatly.  By  means  of  a  pelvi- 
meter the  chest  expansion  was  watched  in  the 
areas  representing  the  original  measurements 
and  it  was  found  that  the  spine-to-sternum 
measurement  changed  very  little,  while  the 
variation  of  the   scapula-to-nipple   measure- 
ment was  influenced  by  the  position  of  arms 
and    inspiration.      Consequently    the    fifth- 
dorsal-to-sternum  measurement  was  adopted 
as  the  basis  of  estimating  the  patient's  ex- 
posure time.  These  cutters  were  a  splendid 
tvpe  phvsically,  and  while  the  table  has  been 
worked  out  on  these  muscular  men  it  still 
holds  good   for  the  patients  coming  in  the 
ordinarv  office  practice.  The  technique  is  as 
follows : 
Spark  Gap — 3  J/  inches. 
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Coolidge  30  M.  A.  Tube  run  at  exactly  30 
M.  A.,  the  hand  being  on  the  tube  rheostat 
constantly  during  the  exposure  to  make 
any  adjustment  needed  at  once. 

Distance  from  tube  target  to  film  using  up- 
right stereoscopic  shift  30  inches. 

Developer  time  5  minutes. 

Temperature  of  Eastman  developer  66°  F. 


the  junction  of  the  lower  third  with  the 
middle  third  selected  as  the  point  for  the 
passing  of  the  principal  ray  of  the  second 
exposure.  The  tube  stand  is  then  elevated  as 
usual  for  the  first  exposure.  To  avoid  the 
clavicle  in  the  apical  region  the  suggestion 
of  Dr.  Bray  of  Raybrook  Sanatorium  has 
been  adopted,   namely,  that  of  having  the 


Fig.  5  (389).  Fifty-two  years  of  age,  working  every 
day.  Exposure  twenty-eight  years.  A  professional 
swimmer,  his  last  race  being  at  age  of  thirty  years, 
and  the  distance  one  mile.  Sputum  negative.  Physi- 
cal examination  negative.  No  symptoms. 

Using  the  above  constants  the  following 
measurements  and  time  produced  results: 

FIFTH-DORSAL-TO-STERNUM 

Time  by  Tiine-Szvifch 

6  inches i  '/2  seconds 

ty2  inches 2  seconds 

7  inches 2^/4  seconds 

714  inches 3  seconds 

8  inches 3I/2  seconds 

8i/^  inches 4  seconds 

9  inches 4V2  seconds 

gyz  inches 5  seconds 

In  estimating  the  point  upon  the  spine 
through  which  to  pass  the  principal  ray  of 
the  second  exposure  the  lung  is  percussed 
down  to  absolute  dullness  on  the  back  and 


Fig.  6  (A.S. — 1 1-5-20).  Exposure  fifty  years.  Re- 
peated examination  of  sputum  negative.  Marked 
dullness  all  over  base.  Deficient  breathing.  Scat- 
tered bronchi. 


hips  grasped  between  the  thumb  and  fore- 
finger of  each  hand  and  the  shoulders  thrown 
forward  without  elevation  against  the  stereo 
shift.  The  patient  is  given  a  toy  noise-maker 
such  as  is  used  when  showing  lantern  slides, 
and  is  directed  to  signal  as  taught  by  Mr. 
Sampson  of  Trudeau  Sanatorium  when  pa- 
tient has  taken  a  moderately  deep  breath  and 
is  ready  to  cooperate  by  holding  it  during 
the  time  necessary  to  secure  both  views  of 
the  stereo  set.  Patient  signals  when  told  that 
operator  is  all  ready  and  is  not  allowed  to 
breathe  between  the  exposures  of  the  stereo- 
scopic set. 

Classification  of  Films. — An   effort  was 
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made  to  prove  that  these  men  had  tubercu- 
losis, but  not  being  able  to  do  this  it  was 
found  necessary  to  accept  the  diagnosis  of 
pneumoconiosis,  and  a  continued  study  of 
the  films  seems  to  bear  out  this  diagnosis.  A 
classification  being  more  or  less  imperative 
in  order  that  the  films  be  studied  systematic- 
ally the  following  was  decided  upon : 

Granite  Pneumoconiosis  Stage  A 
Granite  Pneumoconiosis  Stage  B 
Granite  Pneumoconiosis  Stage  C 
Granite  Fibroid  Pneumoconiosis  Stage  A 
Granite  Fibroid  Pneumoconiosis  Stage  B 
Granite  Fibroid  Pneumoconiosis  Stage  C 
Granite  Tuberculous  Pneumoconiosis  Stage  A 
Granite  Tuberculous  Pneumoconiosis  Stage  B 
Granite  Tuberculous  Pneumoconiosis  Stage  C 

It  seems  advisable  to  use  the  term  Pneu- 
moconiosis, as  the  two  Greek  words  from 
which  it  is  derived  signifv  Lung  Dust,  which 
really  represents  the  condition  being  studied, 
while  the  term  Phthisis  is  apt  to  convev  as 
many  meanings  as  it  has  pronounciations. 
While  the  term  Silicosis  has  been  used  it 
seems  advisable  in  the  interest  of  efiiciencv  to 
use  the  term  Pneumoconiosis  and  in  connec- 
tion with  the  qualifying  adjective  Granite,  as 
the  term  Granite  Pneumoconiosis  suggests 
at  once  the  nature  of  the  lung  lesion  under 
consideration,  the  manufacturing  process, 
percentage  of  silicon  dioxide  in  the  dust  and 
the  type  of  workman.  The  second  classifica- 
tion, Granite  Fibroid  Pneumoconiosis,  susf- 
gests  not  only  the  nature  of  the  lung  lesion 
and  the  industry  in  which  it  occurs  but  also 
the  progress  which  the  lesion  has  made.  The 
third  classification.  Granite  Tuberculous 
Pneumoconiosis,  suggests  the  causative  fac- 
tor in  producing  the  original  lung  lesion,  the 
industry  responsible  for  the  lesion  and  the 
fact  that  tuberculosis  has  been  superimposed 
upon  pneumoconiosis.  Taking  up  the  various 
subdivisions  under  each  main  classification 
we  first  consider  "Stage  A"  under  the  classifi- 
cation "Granite  Pneumoconiosis."  The  films 
coming  under  this  have  a  hilus  densitv  easily 
discernible  and  linear  markings  going  to  the 
first  and  second   interspaces  and   increased 


perivascular  markings  in  the  bases.  It  is 
found  that  even  outside  of  the  industry  the 
Barre  residents  examined  as  controls  fall 
into  this  class  as  we  have  a  dust  hazard  in  the 
general  atmosphere  of  the  town,  "Stage  B" 
includes  films  that  show  linear  markings  ra- 
diating in  all  directions  from  the  hilus  to 
every  part  of  the  lung  reaching  almost  to  the 
periphery.  "Stage  C"  in  addition  to  the  above 
shows  a  homogenous  haziness  over  each  lung 
between  the  linear  markings.  Under  the  clas- 
sification "Granite  Fibroid  Pneumoconiosis 
Stage  A"  are  included  films  showing  a 
fibroid  area  not  larger  than  3  centimeters, 
"Stage  B"  films  showing  a  fibroid  area  not 
larger  than  6  centimeters,  and  "Stage  C" 
films  showing  fibroid  areas  larger  than  6 
centimeters  in  their  longest  diameter.  The 
classification  "Granite  Tuberculous  Pneumo- 
coniosis Stage  A"  represents  minimal  tuber- 
culosis. "Stage  B"  moderately  advanced  and 
"Stage  C"  far  advanced  tuberculosis  super- 
imposed on  granite  pneumoconiosis. 

Dust  Exposure  Periods  of  Men  Ex- 
amined.-— The  length  of  time  that  granite 
dust  had  been  inhaled  was  represented  by 
four  months  in  one  cutter  and  the  maximum 
time  bv  fiftv  vears  in  another. 


FACTORS  IXFLUENCIXG  THE  APPEARANCE  OF 
THE  FILMS 

Mouth  Breathing  as  a  Factor. — It  was 
most  perplexing  to  find  cutters  with  equal 
number  of  exposure  years  and  working 
under  the  same  conditions  showing  such 
marked  dififerences  in  the  appearance  of  the 
films.  It  became  quite  evident  that  given  the 
number  of  exposure-years  one  could  not  even 
hazard  a  shrew'd  guess  with  any  degree  of 
success  as  to  the  probable  appearance  of  the 
.r-ray  film.  According  to  the  experience  of 
Watt,  Irving  Johnson  and  Steuart^  the 
mouth-breather  is  more  apt  to  develop  sili- 
cosis than  one  who  employs  nasal  respira- 
tion. Particular  interest  has  been  taken  in 
keeping  detailed  data  of  the  upper  part  of  the 
respiratory  tract,  hoping  to  show  the  influ- 
ence the  nose  and  throat  played  in  the  de- 


Roentgen  Study  of  Dust  Inhalation  in  the  Granite  Industry 


251 


veloping  of  pneumoconiosis.  All  this  data 
will  be  reported  at  another  time,  but  it  is 
sufficient  to  say  that  the  defensive  mechan- 
ism of  the  upper  respiratory  tract  breaks 
down  fairly  early  in  granite  dust  inhalation. 
An  adaptation  of  the  u[)per  resipratorv  tract 
to  occupation  takes  place,  an  anesthesia  of 
the  tract  developing  as  evidenced  by  the  in- 
ability of  a  cutter  to  feel  a  pencil  point  when 
drawn  across  his  pharynx.  One  may  hold  a 


mouth-breathing  were  separated  from  those 
showing  nasal  breathing,  and  a  study  was 
made  comparing  them  with  other  films  of  the 
same  exposure-period,  with  the  result  that 
one  cannot  help  but  observe  that  the  films 
belonging  to  the  mouth-breathers  show  a 
lesser  lung  lesion  than  nasal  breathers.  The 
explanation  is  that  the  usual  curve  of  the 
inspired  air  is  broken  by  mouth-breathing 
and  the  dust  impinging  upon  the  posterior 


Fig.  7   (185).  Exposure  thirty  years.   Ambidextrous. 
Even   lesion   both   sides   of   chest. 

throat  mirror  in  viewing  the  larynx  for  an 
indefinite  length  of  time,  the  cutter  stating 
that  he  feels  nothing  in  his  throat.  In  view 
of  these  facts  one  wonders  how  efficient  the 
cilia  are,  and  with  the  sensory  nerve  end- 
ings of  the  trachea  and  bronchi  anesthetized 
by  adaptation  to  occupation  there  is  absence 
of  cough  of  irritation,  thus  encouraging  the 
dust  to  remain  in  the  lungs.  Particular  at- 
tention has  been  paid  to  noticing  whether  the 
men  coughed  while  undergoing  the  examina- 
tion work  connected  with  the  x-trj  phase, 
and  one  could  not  fail  to  observe  the  almost 
entire  absence  of  coughing  among  the  men. 
The  films  belonging  to  the  cutters  showing 


Fig.  8  (58).  Exposure  twenty-seven  years.  Showing 
basal  condition  starting  in  left  base.  Notice  calci- 
fication of  rilis  so  common  in  cutters. 

pharyngeal  wall  is  expectorated  as  soon  as 
the  accumulation  warrants  it,  or  is  swal- 
lowed, with  the  result  that  very  little  of  it 
reaches  the  trachea  and  the  lungs  are  con- 
sequently spared. 

Nationality  as  a  Factor. — It  was  noticed 
while  looking  over  an  accumulation  of  films 
representing  several  days'  work  that  a  fairly 
large  number  of  them  showed  less  density 
than  the  others.  This  seemed  strange  because 
the  cutters  appearing  for  examination  during 
the  three-dav  period  represented  were  all 
men  with  an  advanced  exposure  history. 
Laving:  the  better  films  aside  and  referring 
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to  the  examination  blanks  it  was  discovered 
that  the  majority  of  these  films  were  those 
belonging  to  Italians.  It  being  felt  that  the 
constant  viewing  of  films  had  blurred  one's 
ability  to  appreciate  different  densities,  the 
films  were  taken  to  a  granite  manufacturer 
with  the  request  that  he  look  them  over  and 
lav  aside  those  showing  less  white  in  the 


tries  not  so  dusty.  It  cannot  be  denied  that 
in  the  granite  industry  at  least  the  Irish 
are  punished  severely,  and  it  is  a  question 
whether  they  should  be  in  a  dusty  trade — 
certainly  not  in  the  granite  industry,  as  they 
represent  a  hazard  under  the  present  work- 
ing conditions  and  should  not  be  accepted  as 
apprentices.  In  looking  about  for  an  explana- 


Fig.  9   (177).  Exposure  fifteen  years.  Showing  right 
basal   condition  just   starting. 

lung  field,  paying  no  attention  to  shadows 
which  represented  the  heart,  ribs,  etc.  To  my 
surprise  his  collection  of  films  which  he 
designated  as  better  contained  those  of  the 
Italians.  Ten  nationalities  are  represented  in 
the  examination  work  and  the  films  were 
now  studied  from  this  angle  with  the  result 
that  they  were  found  to  line  up  somewhat 
as  follows  in  order  of  excellence:  Italians, 
Americans,  English,  Spaniards,  Scotch, 
Swedes,  Norwiegans,  Danes.  French  and 
Irish.  You  will  notice  that  there  is  a  geo- 
graphical distribution  of  these  races,  manv  of 
the  better  ones  living  in  Southern  Europe 
and  many  of  those  along  the  last  of  the  list 
living  in  Northern  Europe.  They  may  be 
also  classified  on  the  basis  of  those  living 
in  dusty  countries  and  those  living  >n  coun- 


Fig.  10  (750).  Right  basal  condition  farther  ad- 
vanced. Exposure  thirty  years.  Patient  died  two 
months  later.  Death  occurred  suddenly  during 
night.  Cardinal  symptom  was  dyspnea. 

tion  of  the  difference  in  susceptibility  of  the 
different  nationalities  one  has  a  feeling  that 
in  the  chests  of  the  Italians  the  dust  is 
filtered  out  so  rapidly  that  it  never  is  other 
than  an  irritant,  while  in  the  Irish  for  ex- 
ample it  passes  the  irritant  stage  and  be- 
comes a  foreign  body. 

Occupational  Position  as  a  Factor. — In 
studving  the  films  two  areas  always  showed 
an  increase  in  density  in  linear  markings  in 
earlier  stages,  and  as  the  lung  lesion  ad- 
vanced this  difference  in  density  held  good 
up  to  the  point  where  the  whole  lung  area 
on  both  sides  was  involved.  These  areas  of 
increased  density  were  represented  by  the 
portion  of  the  lung  field  just  below  the  left 
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clavicle  and  at  the  right  base.  In  endeavoring 
to  explain  this  increased  density  in  these 
situations  the  occupational  position  of  the 
men  was  studied  and  it  was  found  that  the 
pneumatic  tool  they  use  vibrates  3,200  times 
a  minute,  and  in  order  to  secure  a  basal 
support  that  the  tool  might  be  used  to  the 
best  advantage  the  upper  part  of  the  right 
chest  is  compressed  by  the  right  arm  and 
elbow  and  the  lower  part  of  the  left  chest  is 
compressed  by  the  left  elbow  and  forearm. 
This  apparently  limits  the  respiratory  action 
of  the  portions  of  the  chest,  and  palpation 
of  the  same  at  work  shows  limited  expansion 
in  the  compressed  areas  thus  allowing  more 
dust  to  find  a  resting  place  in  that  portion  of 
the  lung  receiving  most  air.  It  has  been 
stated  by  other  observers  that  the  progress 
of  the  lung  lesion  was  greater  on  the  right 


ing  the  part  of  the  lung  in  which  a  lung 
lesion  from  inhalation  of  granite  dust  has  its 
inception. 

EVIDENCE    GAINED    FROM    NON-SERIAL    FILMS 

In  a  work  of  this  kind  one  must  of  neces- 
sity studv  non-serial  films,  because  it  takes  a 
cutter  thirty  years  to  produce  a  lung  lesion 
which  would  be  diagnosed  if  he  iiad  consti- 
tutional symptoms  as  lobar  pneumonia.  It 
takes  him  between  twenty  and  twenty-five 
years  to  produce  a  lung  lesion  which  would 
be  diagnosed  as  broncho-pneumonia  if  he 
had  constitutional  symptoms.  It  is  mani- 
festly impossible  to  follow  an  individual 
cutter  bv  means  of  serial  films  through  thirty 
vears  of  granite  dust  inhalation.  For  labor 
turnover,  the  migratorv  nature  of  the  cutter 


Fig.    II    (319).   Exposure  thirty-two  years.    Showing       Fig.  12  (270).  Exposure  thirty-five  years.  Taken  Sep- 
progress  of  right  basal  condition.  Xo  symptoms.  temtier   8,    1919.    Notice    right    l)asal    condition. 


side  below  the  clavicle,  but  the  experience  in 
Barre  would  lead  one  to  suspect  that  the 
occupational  position  of  the  workers  ex- 
amined was  dififerent  from  that  of  the 
granite  cutters.  It  would  seem,  then,  that 
occupational  position  is  a  factor  in  determin- 


and  the  ever  recurring  strikes  necessitating 
his  seeking  emplovment  in  other  industries 
for  the  time  being  at  least,  and  from  which 
he  often  fails  to  return  if  the  occupational 
environment  is  congenial,  are  conditions  in- 
compatible with  serial  films  extending  over 
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Fig.   13    (No.   160).   Same  patient  as  Fig.   12.  Taken  after   two   months'   al.sence    from   granite   industry. 

Note  change  in  appearance  of  right  base. 
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Fig.  14   (375).   Same  patient  as  Figs.   12  and  13    Taken   five  months   after   re-entering    granite    in- 
dustr>'.  Notice  reappearance  of  right  basal  condition,  on  exposure  again  to  dust. 
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any  period  of  time.  An  effort  is  being  made 
to  select  men  who  for  various  reasons  will 
be  expected  to  retain  a  permanent  residence 
in  Barre  and  take  them  serially,  so  that  in 
the  same  individual  the  lung  lesion  may  be 
traced  from  "stage  to  stage.  It  is  hoped  to 
continue  this  until  at  least  the  pathological 
process  observed  in  one  cutter  overlaps  that 
seen  in  another.  In  the  few  instances  where 
it  has  been  possible  to  observe  the  lung  lesion 
by  means  of  serial  films  of  the  same  cutter, 
the  evidence  has  borne  out  the  inferences 
made  by  studying  several  hundred  non-serial 
films. 

It  is  quite  evident  from  this  study  why  it 
is  impossible  to  describe  a  normal  or 
standard  hilus.  It  would  be  as  difficult  as 
to  describe  a  normal  day  or  a  normal 
reading  of  an  outside  thermometer.  We 
learn  to  vary  our  sense  of  normal  with 
the  changing  seasons  of  the  year.  In  like 
manner  we  learn  to  vary  our  sense  of  normal 
so  far  as  a  hilus  is  concerned  as  the  respira- 
tory environment  of  the  individual  changes. 
A  normal  hilus  for  a  granite  worker  is  never 
seen  because  his  intake  of  dust  is  changing 
from  week  to  week,  especially  if  he  is  ex- 
perienced enough  in  the  work  to  be  an  all- 
around  man.  If  he  is  he  uses  varying  pro- 
cesses of  creating  the  finished  product,  de- 
pending upon  the  process  he  is  detailed  to 
for  the  time  being.  So  one  does  not  try  after 
a  while  to  describe  a  normal  hilus,  but  rather 
looks  upon  the  hilus  as  his  lung  indicator, 
telling  what  has  gone  on  before  and  what 
is  now  going  on.  The  hilus  then  represents 
the  peripheral  reception  of  the  irritant,  and 
in  the  case  of  the  granite  cutter  it  is  a  me- 
chanical one  with  no  ability  to  proliferate 
and  no  ability  to  produce  toxic  products  for 
absorption  with  their  production  of  constitu- 
tional symptoms. 

The  pathology  seems  to  be  the  same 
whether  the  irritant  is  mechanical  or  bac- 
terial, only  in  case  it  is  bacterial  the  lung 
lesion  is  accelerated  so  that  in  a  few  davs 
or  a  year  at  most  results  are  produced  that 
it  takes  years  to  produce  with  a  mechanical 
irritant.  In  proportion  to  the  amount  of  dust 


that  is  brought  to  the  periphery  of  the  lung 
by  wav  of  aspiration,  in  like  proportion  will 
the  hilus  show  a  change  in  increased  area  and 
density.  On  this  point  we  feel  sure,  because 
we  have  seen  in  the  same  cutter  the  hilus 
diminish  in  size  because  the  cutter  was 
obliged  to  loaf  owing  to  a  severe  eye  injury, 
and  on  his  return  to  the  industry  we  have 
seen  the  hilus  increase  to  the  original  size 
when  inhalation  of  dust  was  resumed.  With 
the  hilus  the  lymph  node  nearest  the  hilus 
underwent  a  change,  emptying  during  the 
loafing  period  and  taking  on  its  function  and 
reappearing  upon  the  film  when  w'ork  was 
resumed.  These  observations  lead  us  to  be- 
lieve that  the  extension  of  the  lesion  is  not 
from  the  hilus  outward  per  se,  but  rather 
that  the  lesion  is  peripheral  all  the  time,  and 
the  hilus  change  as  to  speed  shows  us  how 
great  the  peripheral  severity  is. 

As  the  hilus  continues  to  act  as  an  in- 
dicator of  the  dust  brought  to  the  tracheo- 
bronchial lymph  nodes  by  the  Ivmphatic 
system  of  the  lungs,  there  comes  a  time  when 
the  first  set  of  lymph  nodes  external  to  the 
hilus  take  on  their  function,  being  visible  to 
the  eye  on  the  film  as  the  cervical  lymph 
nodes  are  palpable  when  they  take  on  their 
function.  As  the  study  extends  we  are  able 
to  make  out  three  sets  of  these  nodes  from 
hilus  to  periphery.  For  .the  sake  of  descrip- 
tion these  lymph  nodes  have  been  called 
"proximal  set,"  ''medial '  set"  and  "distal 
set."  Now  using  one  of  these  proximal 
lymph  nodules,  as  we  shall  call  them,  for  an 
apex  of  a  triangular  area,  we  shall  find  the 
base  formed  by  two  medial  nodules  of  the 
same  character.  In  turn  using  one  of  these 
medial  nodules  for  an  apex  we  shall  again 
see  the  base  of  a  triangular  area  formed  by 
two  lymph  nodes,  but  this  time  they  will  be 
those  of  the  distal  set.  The  sides  of  these 
triangles  are  formed  by  linear  densities. 

From  these  triangular  areas  which  at  first 
contain  the  lung  markings  seen  in  the  lung 
as  a  whole,  we  see  Dunham's  fans  develop. 
If  one  is  at  all  skeptical  about  the  occurrence 
of  Dunham's  fans  he  will  soon  have  that 
skepticism  removed  if  he  studies  the  films  of 
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pneumoconiosis  of  a  number  of  workers,  for 
they    are   seen   unilateral,    bilateral    and    in 

The  right  lung 
to  be  able  to 
time  with  the 
the    apices    to 


f  the  lung. 


almost  an}-  part 

from    apex    to    base    seems 

accommodate    five    at    one 

bases    to    the    pleura    and 

the   hilu:; 

has    its 


in    all   except   the    lowest,    which 
apex    pointing    toward    the    dia- 


twigs  can  be  followed  quite  a  distance  out 
into  the  lung  structure.  In  regard  to  what  is 
spoken  of  as  peribronchial  thickening  we 
have  seen  it  change  during  the  ten  weeks' 
strike  in  1920,  becoming  lessened  in  width 
and  irregular  in  border  as  the  dust  deposit 
was  unevenly  moved  on  to  the  hilus. 

Considering  the  lung  lesion  as  it  affects 


Fig.  15  (166).  Exposure  twenty-eight  years.  Bilateral 
Dunham's  fans  each  involving  first  interspace 
trunk  both  sides. 

phragm.  If  one  lays  aside  all  of  the  films 
having  a  fan  in  the  same  area  and  then 
studies  them  the  evolution  of  one  of  these 
fans  will  be  watched  until  it  occupies  prac- 
tically the  entire  upper  left  lobe  with  a  stem 
extending  back  to  the  hilus  as  large  around 
as  a  pencil.  One  has  a  feeling  as  the  linear 
markings  are  studied  that  they  are  perivas- 
cular rather  than  peribronchial,  because  in 
cutters  exposed  for  twenty  years  and  then 
out  of  the  industry  for  a  period  greater  than 
five  years,  the  bronchial  twigs  can  be  made 
out  as  an  area  of  lesser  density  to  the  inner 
side  of  the  linear  markings.  The  inner 
boundary  of  the  bronchial  twig  is  seen  as  a 
thin  white  line,  but  there  is  no  area  of  greater 
density   accompanying    it.    These    bronchial 


Fig.  16  (91).  Exposure  twenty-six  years.  Stage  5  of 
one  of  Dunham's  fans.  Xote  the  pleural  detour. 


the  proximal  medial  and  distal  sets  of  lymph 
nodules  described,  we  first  notice  the  proxi- 
mal node  appearing  when  the  hilus  has  in- 
creased in  width,  reaching  near  this  nodule. 
At  first  this  nodule  looks  like  the  end  of  a 
cotton  wound  applicator  and  is  adjacent  to  a 
bronchus  on  end.  From  its  size  of  about  six 
mm.  in  diameter  it  increases  until  it  takes  on 
the  appearance  of  a  tuft  of  absorbent  cotton, 
its  edges  being  blurred  and  irregular,  the 
original  density  being  perceived  near  the 
center  as  an  area  of  slight  increase  in  density 
over  the  surrounding  area.  About  the  time 
this  is  2  centimeters  in  width  the  medial  node 
appears  and  undergoes  a  change  similar  to 
that  of  the  proximal  node.  In  turn  the  distal 
node  appears,  and  as  it  undergoes  its  increase 
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in  area  and  density  a  haze  will  be  noticed 
in  the  extreme  periphery  of  the  lung.  This 
haze  when  viewed  stereoscopically  will  be 
seen  to  occupy  the  plane  of  the  pleura,  while 
the  lung  density  will  be  seen  in  its  true  plane. 
In  the  same  individual,  by  means  of  serial 
films,  this  density  was  seen  to  appear  in 
seven  months.  In  another  individual  it  was 
seen  by  the  same  method  to  disappear  to  a 


Fig.  17  (96).  Exposure  twenty-six  years.  Working 
constantly.  Dullness  left  apex.  Patch  of  pleurisy 
below  left  nipple.  Otherwise  negative. 

large  extent  during  a  two  months'  absence 
from  his  work.  This  area  seems  always  to 
be  triangular  with  its  base  towards  the  lung 
periphery  and  its  apex  towards  the  hilus.  It 
has  been  felt  that  this  density  appearing  in 
the  pleural  level  is  a  detour  of  the  lymph 
flow ;  the  path  between  the  periphery  and  the 
hilus  being  blocked,  nature  seeks  to  accom- 
plish her  end,  namely,  the  removal  of  the  ir- 
ritant, by  making  a  detour  by  means  of  the 
pleural  lymphatics.  This  pleural  haze  has 
been  seen  extending  from  apex  to  various  rib 
levels.  An  effort  has  been  made  to  write 
down  the  evidence  as  gathered  from  a  pre- 


liminary study  of  the  films.  Each  one  of  you 
will  probablv  correlate  it  with  your  own  past 
experience  and  will  probably  draw  your  own 
conclusions. 

SUMMARY 

1.  Film  densities  are  influenced  by  mouth 
breathing,  nationality  and  occupational 
position. 

2.  The  machinery  must  be  considered  as  a 
source  of  dust  as  well  as  the  material  being 
worked. 

3.  A  standard  exposure  technique  should 
be  adopted  as  early  as  possible  in  a  study  of 
dust  inhalation  in  order  that  one  may  feel 
sure  of  variations  of  density. 

4.  While  classification  of  films  is  helpful, 
the  lung  lesion  in  a  dust  worker  is  like  the 
shifting  sand  of  the  sea  and  each  film  should 
be  judged  by  its  own  individual  densities  as 
portraying  the  pathology  in  the  making  in 
that  particular  individual. 

5.  Evidence  tends  to  show  that  the  lesion 
always  remains  peripheral  and  the  lung  re- 
action to  an  irritant  is  evidenced  by  densities 
appearing  from  the  hilus  outward. 

6.  It  seems  possible  to  parallel  films  of 
tuberculosis,  pneumonia  and  various  other 
pathological  conditions  of  the  lungs  with  the 
films  of  granite  cutters,  there  being  an  ab- 
sence of  clinical  activity  in  the  latter,  the 
mechanical  irritant  produ-cing  the  same  le- 
sion as  a  bacterial  one. 

7.  It  would  seem  that  many  densities  are 
being  diagnosed  as  tuberculosis  which  should 
be  considered  as  densities  of  pneumo- 
coniosis. 
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THE  X-RAY  SHADOWS  OF  LUNG  SYPHILIS  AND  SYPHILITIC- 
TUBERCULOUS  SYMBIOSIS  IN  THE  LUNGS* 


By  W.  WARNER  WATKINS,  M.D. 

Pathological  Lalioratory 

PHOENIX,    ARIZONA 


\A/  ITHIN  the  past  five  years,  thoracic 
^  ^  syphiHs  has  assumed  a  place  of  import- 
ance in  clinical  medicine,  and  our  position  as 
leaders  in  medical  research  makes  it  expe- 
dient that  we  give  this  subject  more  serious 
consideration.  Attention  has  heretofore  been 
concentrated  upon  lesions  of  the  heart  and 
aorta  to  the  unjust  exclusion  of  those  which 
occur  in  the  lung.  Up  to  191 6,  the  refer- 
ences to  pulmonary  syphilis  in  the  roentgen 
literature  w^re  remarkable  for  their  scarcity, 
consisting  of  case  reports  from  Dachtler,^ 
Carman,^  Pancoast,'  Dunham,^  and,  pos- 
sibly, others. 

Pathologically,  invasion  of  the  lungs  by 
syphilis  was  recognized  by  Virchow,'*  De- 
paul  ^  and  Pancritius,^  and  described  in  some 
detail  by  Fowler  ^  and  Stanley.^  Clinically, 
many  authors  have  directed  their  attention  to 
it ;  some  of  these,  like  Osier  ^"  and  McCrae, 
regard  the  condition  as  extremely  rare  and 
infrecjuently  recognized,  while  others  con- 
sider it  to  be  relatively  common.  Dieulafoy  ^^ 
says  "syphilis  of  the  lungs  is  of  the  highest 
importance"  and  describes  six  forms,  with 
very  discouraging  comments  on  diagnosis. 
The  value  of  roentgenography  for  this  pur- 
pose was  brought  to  the  attention  of  clin- 
icians by  the  reports  from  the  roentgenolo- 
gists mentioned,  and  most  writers  since  have 
emphasized  the  fact  that  the  nature  of  the 
disease  should  make  it  amenable  to  .r-ray 
differentiation.  In  spite  of  isolated  reports, 
however,  our  specialty,  as  a  whole,  has  taken 
the  position  that  we  can  offer  little  assist- 
ance. If  this  were  true,  Carrera's  ^^  statement 
that  the  ultimate  diagnosis  of  lung  syphilis 
must  wait  on  the  necropsy  and  microscope 
would  be  the  correct  and  hopeless  outlook, 
for  clinicians  have  already  exhausted  their 
physical  and  laboratory  methods,  and,  if  we 
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cannot  assist  them,  lung  syphilis  is  likely  to 
remain  the  bctc  noire  of  the  internist. 

However,  this  challenge  presents  too  fine 
an  opportunity  for  us  to  ignore.  If  we 
grant  that  lung  syphilis  is  a  clinical  entity 
and  comparatively  frequent  in  occurrence; 
that  the  pathology  in  the  lungs  is  character- 
istic in  histologic  change  and  in  gross  loca- 
tion ;  then  the  lesions  should  certainly  be 
recognized  on  the  radiograph. 

This  paper  presents  its  material  in  two 
parts:  I.  Lung  Syphilis;  II.  Syphilitic-Tuber- 
culous Double  Infection  in  the  Lungs. 

Part  I.  Lung  Syphilis 

In  1 91 6,  we  began  a  systematic  search 
for  lung  syphilis  by  including  this  disease  as 
a  possibility  in  every  lung  examination,  as 
there  seemed  to  be  no  mechanical  or  biologi- 
cal reason  for  the  frequently  assumed  free- 
dom of  the  lungs  from  this  infection.  Inas- 
much as  roentgenographic  interpretation 
consists  purely  of  conclusions  regarding 
tissue  pathology,  drawn  from  the  shadows 
cast  by  disease  changes,  and  since  the  ante- 
cedent pathological  work  on  lung  syphilis 
was  "fragmentary  and  vague,"^^  the  x-ray 
work  necessarily  was  imperfect.  However, 
several  fundamental  facts  aided  in  forming  a 
nebulous  expectation  of  the  shadows  of  lung 
syphilis. 

1.  The  peculiarities  in  the  anatomical 
structure  of  the  lung,  as  demonstrated  by 
Miller,  with  the  relations  between  bronchi, 
arteries  and  lymphatics,  have  an  intimate 
bearing  on  the  interpretation  of  the  shadows 
of  all  pulmonary  lesions,  including  lung 
syphilis. 

2.  The  characteristic  method  of  invasion 
of  active  syphilis,  wherever  found,  by  ex- 
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tension  along  the  arteries,  is  distinctly  dif- 
ferent from  the  extension  of  tuberculosis 
through  the  lymphatics.  A  consideration  of 
the  relations  of  lymphatics  and  arteries  to 
the   pulmonar)-   subdivisions   which   are   in- 


logical  knowledge  was,  to  a  large  extent,  re- 
moved by  the  publications  of  VVarthin^^  on 
latent  syphilis,  in  1918,  and  the  more  recent 
observations  of  Carrera^"  on  the  specific  le- 
sions in  the  lung.     It  should  be  a  matter  of 


Fig.  I  (Patient  785).  Peribronchial  fihrotic  type  of 
lung  syphilis.  History  of  syphilis;  W'assermann 
positive;  sputum  ncgali\e;  aliatement  of  lung  signs 
under  mercury. 

A^olved,  indicated  that  there  would  be  a  dis- 
tinct difii^erence  in  the  shadows  of  these  two 
diseases. 

3.  Aside  from  the  pathological  differ- 
ences, the  clinical  observation  had  been  that 
the  lesions  of  tul^erculosis  and  syphilis  oc- 
curred, as  a  rule,  in  different  parts  of  the 
lung,  the  former  in  the  upper  and  the  latter 
in  the  lower  lobes. 

4.  The  characteristics  of  the  shadow  of 
tuberculosis  being  already  definitely  estab- 
lished, the  differentiation  would  be  between 
syphilis  and  other  less  common  types  of  liuig 
disease. 

Basing  our  observations  on  these  facts  by 
selecting  patients  known  to  have  syphilis  and 
making  a  careful  study  of  the  pulmonary 
densities  presented  by  them,  certain  types  of 
shadow  could,  with  a  fair  degree  of  probab- 
ility, be  classified  as  syphilitic.  Then,  by  ob- 
serving the  resolution  of  such  shadows  after 
antiluetic  treatment,  the  tentative  observa- 
tions could  be  confirmed  as  definitely  as  we 
could  ever  hope  to  confirm  them  during  the 
life  of  the  patient. 

The  handicap  of  a  lack  of  accurate  patho- 


Fig.   2    (Patient   14552).   Hereditary  syphilitic.  Early 
form  of  infiltrati\e  type  in  the  left  base. 

satisfaction  to  those  pioneer  roentgenologists 
who  interested  themselves  in  this  supposedly 
rare  condition,  to  observe  that  these  belated 
pathological  researches  verified  the  accuracy 
of  their  radiographic  forecast  of  tissue 
changes.  The  most  important  result  of  the 
pathological  work  was  the  furnishing  of  a 
basis  for  accurate  classification  of  radio- 
graphic shadows  and  a  definite  explanation 
of  some  peculiar  shadows  which  had  been 
observed  but  not,  heretofore,  interpreted. 

In  terms  of  clinical  pathology,  we  can  dis- 
tinguish three  types  of  radiographic  shadow 
produced  by  syphilitic  invasion  of  the  lung. 
The  classification  here  differs  slightly  from 
that  previously  offered,  in  order  to  conform 
to  recent  discoveries. 

1.  The  lesions  of  active  or  early  syphilis 
produce  shadows  which  are  to  be  interpreted 
as  (a)  gummas,  or  (b)  inflammatory  con- 
solidation or  infiltration.  Such  shadows  vary 
according  to  the  virulence  of  the  infection 
and  the  rapidity  of  the  invasion. 

2.  The  lesions  of  old,  latent  or  hereditary 
syphilis  produce  shadows  wdiich  represent 
(a)  interstitial  peribronchial  or  peri-arterial 
fibrosis,  or  (b)  dense  fibrosis  of  the  lung  or 
pleura. 
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3.  In  conjunction  with  thoracic  syphiHs, 
indefinite  lung  densities  occur,  the  nature  of 
which  have  not  yet  been  determined,  either 
by  clinical  observation,  pathological  research 
or  radiographic  characteristics.  These  densi- 
ties correspond  to  those  seen  by  Dachtler^  in 
his  cases  reported  in  191 2. 

The  wide  variation  in  the  shadows  of  lung 
syphilis,  from  a  simple  peribronchial  deposit 
of  fibrous  tissue  in  a  limited  lung  area,  to 
complete  consolidation  of  an  entire  lung,  is 
explained  by  Warthin's^^  distinction  between 
the  pathology  of  active  s}philis  and  of  latent 
syphilis. 

When  active  syphilis  invades  the  lung, 
there  is  extensive  consolidation  or  inflam- 
matory infiltration,  usually  in  the  lower  lobe, 
due  to  the  tendency  of  this  infection  to  fol- 
low the  larger  arterial  trunks.  This  localiza- 
tion, however,  is  not  absolute,  the  first  case 
in  our  records  involving  the  upper  left  lobe. 
The  shadows  of  this   form   of  the  disease 


and  mossiness  of  the  edges,  and  tend  to  mass 
along  the  heart  border  and  large  bronchial 
trunks.  They  may  be  confused  with  the 
shadows  of  bronchiectasis,  abscess  or  pneu- 
moconiosis. 

When  tissue  resistance  is  sufficient  to  en- 
capsulate the  diseased  area,  gummatous  le- 
sions result.  The  shadows  of  gummas  will 
vary  in  size ;  will  usually  be  multiple ;  are 
not  confluent ;  will  have  edges  slightly  ir- 
regular but  more  definite  than  consolida- 
tions; when  caseous,  they  will  have  centers 
of  diminished  density;  when  healing,  they 
become  irregular  in  outline,  show  pointed 
projections  of  fibrous  tissue  which  contract 
the  lung  and  niay  obstruct  bronchi.  It  is  con- 
ceivable that  gummas  may  be  so  thoroughly 
encapsulated  that  they  will  remain  smooth 
in  outline  and  heal  without  material  eftect 
on  the  surrounding  lung  tissue. 

The  interstitial  or  peribronchial  fibrosis, 
with  its  end  result  of  dense  fibrosis  of  the 


Fig.    3    (Patient    95).    S\philiuc    miiltration    of    the 
upper  left  lot)e. 

may  simulate  those  of  primary  carcinoma,  or 
the  partially  resolved  consolidations  of  pneu- 
monia. The  shadows  are  usually  confluent, 
of  varying  density,  inclined  to  irregularity 


Fig.  4  (Same  patient  as  Fig.  j).  Shows  change  under 
antileutic  treatment. 

lung  and  pleura,  occurs  in  latent  syphilis, 
where  a  slow  inflammatory  reaction,  ending 
in  fibrosis,  is  the  typical  pathology.  This  fi- 
brosis mav  be  peribronchial  or  peri-arterial, 
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but  resulting  shadows  will  be  the  same,  con- 
sisting of  fine  or  coarse  linear  striations, 
springing  usually  from  a  dense  hilus  shadow 
and  radiating  to  the  periphery.  The  striations 
may  occupy  a  limited  area  or  involve  both 
lungs  generally.  Other  diseases  and  irrit- 
ants, like  poison  gas,  may  produce  a  similar 
fibrosis. 

Indefinite  lung  densities  are  frequently 
found  in  association  with  cardiac  or  aortic 
syphilis.  Both  Warthin  and  Carrera  de- 
scribed lung  changes  which  correspond  to 
such  densities,  but  were  undecided  whether 
they  represented  infiammatory  reactions  or 
passive  congestion  from  mechanical  condi- 
tions. While  we  wait  on  the  pathological 
determination  of  this  point,  we  wish  to 
record  our  conviction  that,  radiographically, 
these  densities  are  specific  inflammatory  re- 
actions, and  have  been  seen  to  disappear 
under  antiluetic  treatment.  This  has  been  ob- 
served both  when  they  were  found  in  connec- 
tion with  aortic  disease  and  when  they  oc- 
curred in  lungs  without  visible  cardiac  or 
aortic  involvement.  There  are,  of  course, 
radiographic  densities  which  are  the  result 
of  passive  congestion  or  pulmonary  edema 
from  cardiac  embarrassment  in  syphilitic 
valve  disease,  but  there  should  be  no  diffi- 
culty in  differentiating  these. 

Since  radiographic  visualization  of  tissue 
change  is  only  one  of  the  many  physical 
methods  of  investigating  disease  it  would, 
manifestly,  be  improper  and  even  impertin- 
ent to  venture  unqualified  diagnoses  of  lung 
syphilis  from  radiographs  alone.  We  need 
to  take  into  consideration  the  personal  his- 
tory, the  clinical  evidences  of  systemic 
disease,  the  possible  accompanying  involve- 
ment of  the  heart  or  aorta,  the  other  physical 
signs  of  lung  disease,  and  the  laboratory 
findings.  However,  the  roentgenologist,  as  a 
consultant,  has  just  as  much  right  to  con- 
sider all  these  evidences  in  connection  with 
his  special  investigations,  and  produce  the 
completed  result  as  a  diagnosis,  as  the  clin- 
ician has  to  appropriate  the  radiographic  in- 
terpretation and  use  it  to  connect  his  other- 
wise incomplete  chain  of  evidence.  In  other 


words,  we  need  to  follow  the  teaching  of  a 
former  distinguished  President  of  this  So- 
ciety ^^  and  conduct  ourselves  as  consulting 
diagnosticians. 

Up  to  August  I,  1920,  we  have  on  record 
approximately  6500  examinations  of  the 
chest  and  heart.  In  this  number  we  have 
made,  or  assisted  clinicians  in  making,  diag- 
noses of  pulmonary  syphilis  in  172  patients; 
that  is,  of  patients  radiographed  for  sus- 
pected heart  or  lung  disease,  about  2.6  per 
cent  had  pulmonary  shadows  which  we  could 
reasonably  conclude  were  due  to  uncompli- 
cated syphilis.  Many  of  these  lesions  were  in 
combination  with  cardiac  or  aortic  syphilis; 
in  others  there  was  no  visible  heart  involve- 
ment. It  will  not  be  the  function  of  this  paper 
to  enter  further  into  statistical  report  or 
classification  of  these  cases. 

Part  II.  Symbiotic  Infection 

The  characteristics  of  the  tuberculous 
shadow  are  well  known,  and  there  is  need 
to  review  them  only  so  far  as  necessary  to 
establish  a  basis  of  comparison  with  those 
of  syphilis.  Many  illustrations,  such  as  the 
goldenrod,  the  dandelion  and  the  sunflower, 
have  been  suggested  to  fix  the  picture  of  the 
shadow  of  tuberculosis  in  our  minds.  The 
incongruity  of  illustrating  disease  pathology 
bv  means  of  a  flower  impels  me  to  suggest  a 
more  appropriate  simile.  A  thickly  leaved 
tree,  like  our  Western  cottonwood,  with  a 
caterpillar  web  enmeshing  numerous  leaves 
and  small  twigs,  sometimes  large  branches, 
graphically  illustrates  the  tuberculous  lesion ; 
the  shadow  of  this  on  a  concrete  pavement, 
with  the  sun  at  medium  height,  is  an  excel- 
lent representation  of  the  radiographic  re- 
production. The  leaves  are  the  secondary 
lobules  of  ]\Iiller,  the  twigs  and  branches 
being  the  bronchi  and  accompanying  vessels. 
Now,  if  we  can  fancy  some  destructive  in- 
fluence which  blocks  the  circulatory  system 
of  these  branches,  so  that  the  leaves  wither 
and  die,  without  web  formation,  we  shall 
have  an  illustration  of.  syphilis  of  the  lungs, 
and  the  differences  in  their  fundamental 
pathology. 
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As  a  general  rule,  tuberculosis,  uncompli- 
cated by  mixed  infection,  will  invade  the  up- 
per lobes  of  the  lung,  and  its  shadows  will 
be  found  over  the  peripheral  distribution  of 
some  of  the  upper  lobe  bronchi.  The  bron- 
chial twig  or  branch  involved  may  be  small 
and  the  shadow  correspondingly  limited,  or 
the  area  involved  may  be  large,  even  an 
entire  lobe;  but  the  shadow  will  be  a  peri- 
pheral shadow  and  will  be  in  the  upper  lobe, 
whether  the  tuberculosis  is  of  the  minimal 
degree,  barely  perceptible  on  the  radiograph, 
or  whether  it  is  of  the  most  extensive  de- 


served and  which  others,  no  doubt,  can  cite. 
The  interrelation  between  tuberculosis  and 
svphilis  has  been  in  the  minds  of  clinicians 
since  tuberculosis  was  isolated  from  other 
kmg  diseases  and  established  as  a  clinical 
entity.  The  effects  of  the  acquirement  of 
tuberculosis  by  a  syphilitic  person,  and  vice 
versa,  have  been  discussed  at  length  by  many 
writers,  but  without  definite  conclusions, 
due,  no  doubt,  to  the  uncertainty  regard- 
ing syphilitic  infection  in  the  lung.  Until 
there  was  a  clear  conception  of  lung  syphilis 
itself,  naturally  no  very  definite  idea  regard- 


Fig.  5  (Patient  3134).  Extensive  syphilitic  infiltration 
of  right  base.  Almost  entirely  resolved  following 
two  injections  of  salvarsan. 

gree,  involving  all  branches  of  both  upper 
lobes.  When  tuberculosis  spreads  from  the 
upper  lobes  into  the  lower  areas,  or  when 
it  invades  the  central  or  basal  regions  pri- 
marily, we  may  expect  to  find  an  accompany- 
ing or  antecedent  mixed  infection,  producing 
an  atypical  localization  of  the  tuberculous 
lesions.  There  may  be  exceptions  to  this  rule, 
but  it  forms  the  clinical  basis  of  our  inter- 
pretation of  tuberculous  shadows,  and  many 
observations  have  only  strengthened  our  con- 
viction that  this  is  a  safe  working  basis, 
in  spite  of  exceptions  which  we  have  ob- 


Fig.  6  (Patient  8675).  Syphilitic  sclerosis  of  king  and 
pleura.  Wassermann  positive.  Autopsy  showed 
complete  destruction  of  lung  tissue,  with  cicatrica- 
tion,   and  large  annular  aneurysm  of   aortic  arch. 

ing  its  combination  with  tuberculosis  could 
be  formed.  Certain  clinical  observations 
which  have  served  only  to  befog  an  already 
very  puzzling  condition  are  all  that  we  have 
to  date  regarding  a  sinister  combination 
which  affects  from  15  to  20  per  cent  of  our 
great  army  of  tuberculous  patients.  We  have 
the  conflicting  statements  that  syphilis  ac- 
quired by  a  tuberculous  person  will  exert  a 
favorable  effect  on  the  course  of  the  tuber- 
culosis; and,  conversely,  that  it  will  cause  a 
rapid  extension  of  the  tuberculosis.  We  also 
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have  the  confusing  statements  that  a  syphi- 
litic who  ac(|uires  tuherculosis  will  usually 
have  an  acute  disease;  and,  conversely,  that 
tuberculosis  acquired  b}-  an  old  syphilitic  be- 
haves no  differently  from  tulierculosis  in  a 
previously  healthv  person. 

It  is  very  apparent  that  here  is  a  rich  held 
for  study.  It  is  safe  to  assume  that  the  pre- 
vious observations  on  this  double  infection 
are  not  a  safe  guide,  being  necessarily  based 
on  an   insufficient  knowledge  of  the   path- 


Fig.  7  (Patient  11495).  Diffuse  and  irregular  densi- 
ties in  lungs  accompanying  syphilis  of  heart  and 
aorta,  probably  due  to  active  lung  disease. 

ology  of  lung  syphilis,  and  we  can  far  better 
found  our  conclusions  on  our  own  investiga- 
tions. Any  such  conclusions  regarding  a 
combination  of  syphilis  and  tuberculosis  in 
the  lung  must  give  full  consideration  to  the 
differences  between  an  active,  svphilitic  in- 
flammation, and  the  mild,  slow  fibrosis  of  old 
or  latent  syphilis. 

Tuberculosis  and  syphilis  mav  occur 
simultaneously  in  the  same  lung,  each  pro- 
ducing its  own  lesions,  which  frequentlv  can 
be  distinguished  on  the  radiograph.  Since 
each  of  these  shadows  have  been  described, 
it  is  not  necessarv  to  dwell  further  on  them. 


The  two  diseases  may  also  occur  as  a  true 
symbiosis.  This  peculiar  condition  was  first 
brought  to  the  writer's  attention  by  the  publi- 
cation of  the  researches  of  Dr.  Carl  Speng- 
ler,^'  of  Davos,  in  whose  papers  we  found 
an  adequate  explanation  for  the  brilliant 
therapeutic  results  of  \\'right  in  treating 
tuberculosis  with  injections  of  mercury  salts. 
The  term  symbiosis  carries  with  it  a  tacit 
denial  of  the  supposed  antagonism  between 
the  organisms  of  tuberculosis  and  syphilis, 
for  which  there  is  no  biological  or  clinical 
evidence.  Symbiosis  occurs  when  svphilis 
l)repares  the  soil,  either  by  active  inflamma- 
tory destruction  of  lung  tissue,  or  by  a  slow. 
mild  inflammatory  congestion.  The  localiza- 
tion of  tul)ercle  bacilli,  thus  influenced  bv 
syphilis,  is  more  widespread,  and  we  find  the 
lesions  and  .shadows  not  only  in  the  upper 
lobes,  but  also  in  the  bases.  A  svmbiosis  is 
also  represented  by  the  effects  of  acquired 
syphilis  on  a  latent  tuberculosis.  Here,  as 
Dieulafov  expresses  it.  the  svphilitic  virus 
"hatches  the  tubercle  l^acilli  and  sows  them 
broadcast."  A  widespread  distribution  of  tu- 
1)erculosis  may  be  produced  by  the  latent,  as 
well  as  the  active  form  of  syphilis.  However. 
;lcti^'e  svphilis,  when  grafted  upon  a  preced- 
ing tuberculosis,  results  in  a  very  malignant 
disease,  which  may  not  be  true  when  tuber- 
culosis is  implanted  in  a  lung  where  latent 
syphilis  already  exists.  It  is  conceivable  that 
a  well  established  fibrotic  tendency  produced 
bv  a  long-standing  latent  syphilis  of  the 
lungs,  will  choke  out  a  tuberculous  process 
when  the  latter  occurs  as  a  secondary  infec- 
tion. This,  however,  is  tissue  resistance  and 
not  bacterial  antagonism,  a  distinction  which 
is  of  vital  importance  in  treatment. 

A  very  similar  symbiosis  is  found  when 
tuberculosis  and  streptococcic  infection  exist 
in  the  same  lung.  A  generalization  of  the 
tuberculosis  results,  because  tubercle  bacilli 
develop  with  greatly  enhanced  rapidity  and 
vigor  on  a  soil  where  streptococci  have 
alreadv  grown.  This  fact,  first  demonstrated 
in  the  laboratory,  has  not  been  given  proper 
consideration  in  studying  the  effects  of 
"influenza"  on  tuberculosis.  When  we  deny 
that  influenza  has  anv  eft'ect  on  tuberculosis 
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we  are  making  a  categorical  statement  that 
tuberculosis  is  not  affected  by  any  of  the 
virulent  pyogenic  organisms  which  infest  the 
respiratory  tract,  since  these  are  all  con- 
cerned, either  primarily  or  secondarily,  in 
influenzal  infections.  Now  we  do  know  that 
streptococci  affect  tuberculosis  very  mark- 
edly, and  it  is  entirely  possible  that  the  cases 
studied  by  Fishberg^'^  were  pneumococcic  in- 
fections, while  those  studied  by  other  ob- 


syphilis,  draw  positive  conclusions  from  the 
shadows  alone.  However,  these  frequently 
are  quite  suggestive,  and  if  our  radiographic 
examination  gives  the  right  clue  and  leads  to 
the  ultimate  formulation  of  a  correct  diag- 
nosis, it  certainly  has  done  all  that  can  rea- 
sonably be  expected. 

When  we  find  pulmonary  tuberculosis, 
with  cavities  which  fill  up  with  streptococcus 
infected  pus,  and,  beneath  these,  the  shadows 


Fit 


8  (Patient  8133).  Generalization  of  tuberculosis 
by  streptococcic  infection  of  the   lungs. 


servers,  with  contrary  conclusions,  were 
streptococcic  infections.  However  that  may 
be,  the  streptococcic-tuberculous  mixed  in- 
fection will  produce  shadows  very  atypical 
for  tuberculosis,  and  which  cannot  be 
distinguished,  radiographically,  from  the 
shadows  of  tuberculous-syphilitic  mixed  in- 
fection. When  we  find  typical  shadows  of 
tuberculosis  and  other  shadows,  usually  of 
more  recent  formation,  in  atypical  locations 
and  without  the  familiar  characteristics  of 
tuberculosis,  we  may  conclude  that  some  ad- 
ditional and  more  malign  agent  than  tuber- 
culosis is  at  work  in  that  lung.  We  cannot 
here,  any  more  than  we  can  in  pure  lung 


Fig.  9  (Patient  8825).  Healed  tuberculosis  of  the 
lunps  and  nleura.  Stereosconicallv  lesions  shown  to 
be  partly  in  the  lungs  and  partly  on  the  pleura. 
History  of  pneumonia,  with  slow  recovery  extend- 
ing over  two  years. 

of  a  disseminated  tuberculosis,  the  conclu- 
sion should  be  obvious. 

When  the  tuberculous  process  is  under  the 
influence  of  a  symbiotic  svphilis,  the  charac- 
teristics of  neither  infection  will  be  pre- 
served. Dieulafoy  cites  a  case  of  a  caseous 
gumma  whose  outer  rind  was  thickly  studded 
with  tuberculomas  about  the  size  of  peas ; 
the  shadow  of  such  a  lesion  naturally  would 
be  very  atypical.  We  may  find  areas  where 
the  typical  tuberculous  shadows  arc  pre- 
served ;  elsewhere  there  will  be  groups  of 
small,  rounded,  or  irregular  densities,  repre- 
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senting  small  consolidations  without  detect- 
able relation  to  bronchial  stems.  Where  the 
syphilitic  areas  have  been  invaded  by  tuber- 
culosis, or  where  the  encapsulated  tubercle  is 
broken  down  and  the  bacilli  disseminated  by 
the  effects  of  syphilis,  we  cannot  expect  to 
find  any  typical  arrangement  of  shadow.  The 
absence  of  infected  cavities,  the  confluence 


lower  lobes,  and  shadows  were  present  which 
were  atypical  for  tuberculosis  and  which 
could  be  explained  only  by  some  form  of 
mixed  infection.  In  209,  or  over  22  per  cent 
of  the  948  patients  with  advanced  tuberculo- 
sis, a  diagnosis  of  combined  syphilis  and 
tuberculosis  was  made  by  us,  or  with  our 
assistance.  In  the  remaining  341  patients,  a 


Fig.    10    (Patient   8325).    Tuberculosis    and   syphilis, 
shadows  in  the  left  lung  resembling  carcinoma,  but 
.  proven  by  course  of  disease  and  effect  of  treatment 
to  be  syphilitic. 

of  small  consolidations  along  the  heart 
border,  large  hilus  masses,  difl:"use  fibrosis, 
should  suggest  syphilitic  rather  than  pyo- 
genic double  infection. 

In  the  6500  examinations  previouslv  men- 
tiont-d,  there  were  948  patients  who  showed 
lesions  of  tuberculosis  which  had  reached 
the  advanced  degree  according  to  the  classi- 
fication of  the  National  Tuberculosis  Asso- 
ciation. There  were  192  cases  whose  radio- 
graphs had  been  disposed  of  and  whose 
records  were  not  clear  enough  to  permit 
definite  classification.  In  eleven  patients 
there  was  acute  tuberculosis,  without  radio- 
graphic evidence  of  a  source  of  mixed  infec- 
tion to  explain  the  generalization,  and  with- 
out history  of  antecedent  acute  respiratorv 
disease.  In  195  cases,  the  basal  regions  were 
practically  free  from  abnormal  shadow,  the 
lesions  being  confined  to  the  upper  lobes, 
and  these  were  considered  to  be  essentiallv 
uncomplicated  tuberculosis.  In  550  patients 
the  lesions  had  become  disseminated  into  the 


Fig.  II  (Patient  4668).  Tuberculosis  of  upper  right, 
with  effusion  in  the  base.  Gummatous  lesion  of 
syphilis  near  left  heart  border.  Entirely  resolved 
under  anti-luetic  treatment,  while  the  right  sided 
lesions  spread  rapidly. 


Fig.  12  (Patient  9553).  Combined  tul)erculosis  and 
syphilis  of  the  lungs,  with  aneurysm  of  the  aortic 
arch. 
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simple  diagnosis  of  tuberculosis  plus  some 
form  of  undetermined  mixed  infection 
was  the  conclusion  from  the  radiographic 
shadows.  This  report  includes  only  patients 
showing  extensive  shadows,  and  we  have, 
doubtless,  failed  to  recognize  the  true  condi- 
tions in  many  patients  with  less  advanced 
disease. 

In  closing  this  inadequate  presentation  of 
a  very  timely  subject,  it  is  well  to  emphasize 
its  importance  from  a  therapeutic  stand- 
point. 

First;  In  the  treatment  of  systemic  lues,  it 
is  important  to  know  w^iether  the  lungs  are 
involved,  since  a  Herxheimer  reaction  in  the 
lungs  may  be  serious. 

Second:  It  is  doubly  important,  in  tuber- 
culosis, to  ascertain  whether  the  patient 
combats  this  comparatively  benign  single  in- 
fection, or  whether  a  sinister  combination 
with  active  syphilis  must  be  treated. 

Third:  It  may  be  triply  important  not  to 
disturb  the  fibrotic  changes  of  latent  syphilis 
by  arsenical  treatment,  if  the  tendency  of 
this  fibrosis  is  to  arrest  the  tuberculosis. 

In  all  events,  roentgenological  examina- 
tions are  indispensable,  and  the  opportunities 
for  scientific  research  and  for  practical 
benefit  to  medicine  and  humanity  afforded 
us  in  the  symbiotic  infection,  are  not  ex- 
ceeded b^  anv  other  lung  disease. 
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DISCUSSION 

Mr.  H.  \V.  Dachtler.  This  paper  has  been 
of  considerable  interest  to  me.  as  the  work  I 
did  some  years  ago  was  on  the  secondary 
manifestations  of  syphilis,  and  of  course  my 
findings  were  entirely  different.  We  found  at 
that  time,  that  the  roentgen  examination  was 
practically  negative.  In  other  words,  these 
cases  had  physical  signs  of  an  early  tuberculo- 
sis, including  slight  temperature,  but  no  roent- 
gen signs  that  would  verify  that,  and  our  con- 
clusions were  that  it  was  a  diffuse  bronchitis 
in  the  secondary  stage  of  syphilis,  and  where 
we  found  such  cases  with  negative  roentgen 
findings,  we  suspected  lues.  I  have  had,  during 
my  experience,  three  cases  that  are  somewhat 
similar  to  some  of  the  cases  shown  by  the  doc- 
tor, where  there  were  discrete  nodules.  All  of 
these  cases  had  a  history  of  syphilis,  but  we 
were  never  able  to  verify  them  by  post- 
mortem examination. 

I  find  it  difficult  to  make  clear  that  the  find- 
ings we  observed  were  not  those  of  gumma.  I 
have  no  cases  in  all  my  experience  which  I  can 
identify  as  true  syphilis  of  the  lung.  Those 
cases  of  secondary  syphilis  had  antisyphilitic 
treatment,  and  the\-  never  developed  any  fibro- 
sis, and  for  a  very  good  reason — because  the 
cases  were  early  and  they  were  cured,  and  the 
condition  did  not  develop  further. 

Dr.  Kennon  Dunham.  I  know  of  nothing 
that  is  more  important  than  the  study  of  syphi- 
lis of  the  lung.  We  are  getting,  thanks  to  the 
.t--ra\-  man,  more  evidence  every  day  which 
may  some  day  help  to  substantiate  a  diagnosis 
of  s}philis.  I  suppose  there  is  not  a  large  lab- 
oratory in  the  country  that  has  not  had  definite 
lesions  showing  atypical  densities  which  have 
cleared  up  under  salvarsan.  We  have  such 
plates  in  Cincinnati  and  we  often  treat  them 
with  salvarsan,  but  I  hope,  as  roentgenologists, 
we  shall  not  go  on  record  as  making  a  diag- 
nosis of  syphilis  of  the  lung  from  these  abnor- 
mal conditions.  We  can  say  that  "such  and 
such"  a  density  suggests  syphilis,  but  we  can- 
not diagnose  syphilis.  The  fact  that  a  patient 
has  a  four-plus  Wassermann  does  not  mean 
that  a  given  lung  density  is  due  to  syphilis. 

The  specific  organism  of  syphilis  has  not 
been  demonstrated  in  the  lung.  Pathologists 
recognize  two  forms  of  pulmonary  syphilis — 
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white  pneumonia  of  the  new  born  child,  and 
gumma.  Air.  Dachtler  showed  years  ago  that 
many  cases  which  have  physical  signs  of  pul- 
monary tuberculosis  but  which  have  no  roent- 
gen findings  of  tuberculosis  must  be  sxphi- 
litic,  because  they  do  not  react  to  tuberculin 
and  are  cured  by  anti-syphilitic  medication. 
Do  not  forget  this  important  research  of  Mr. 
Dachtler.  Even  if  we  prove  that  certain 
abnormal  densities  within  the  lung  are  due  to 
syphilis  Dachtler  has  already  proven  that  we 
may  have  pulmonary  symptoms  due  to  syphilis 
which  do  not  give  such  abnormal  changes. 

Dr.  Pritchard  of  Battle  Creek,  some  time 
ago,  showed  me  a  series  of  slides  in  which 
lung  densities  had  cleared  up  under  salvarsan. 
I  had  similar  plates  in  my  own  laboratory,  and 
as  I  said  before  they  are  common  in  almost 
every  large  roentgen  laboratory. 

Let  us  remember  that  all  these  evidences  of 
syphilis  of  the  lung  are  not  proof.  Until  the 
specific  organism  can  be  demonstrated  in  at 
least  one  such  tumor  we  are  not  justified  in 
doing  more  than  suggesting  pulmonary  s\phi- 
lis  from  our  plates. 

Dr.  George  W.  Holmes.  I  have  listened 
with  a  good  deal  of  interest  to  Dr.  Watkins' 
paper.  We  have  had  a  few  cases  of  lung  syphi- 
lis which  have  been  fairly  well  studied.  The 
most  interesting  finding  is  a  lesion  in  the  bron- 
chi causing  a  stenosis,  and  in  some  cases  a  com- 
plete collapse  of  the  lung,  producing  complete 
dullness  over  the  affected  area  The  milder 
forms  clear  up  under  salvarsan  when  the 
bronchial  stenosis  is  relieved.  One  advanced 
case  came  to  autopsy.  We  could  get  no  report 


from  the  pathologist  except  that  "the  patient 
may  have  had  syphilis."  We  could  not  get  him 
to  say  definitely  that  it  was  syphilis. 

Dr.  p.  ]\L  Hickey.  I  would  like  to  ask  the 
Doctor  if  he  has  any  observations  on  syphilis 
of  the  pleura.  I  remember  one  case  where  I 
diagnosed  tuberculosis  with  pleuritis,  with  a 
constant  recurrent  effusion,  and  the  condition 
cleared  up  very  quickly  under  salvarsan 
treatment. 

Dr.  W.  W.  Watkins  (closing).  I  don't 
think  I  have  anything  particular  to  add,  except 
to  call  attention  to  the  fact  that  Mr.  Dachtler 
stated  in  his  cases  there  were  no  roentgen  find- 
ings. In  his  original  article,  he  mentioned  in 
practically  all  of  the  cases  that  the  bronchial 
markings  were  increased.  This  may  or  may 
not  be  similar  to  earlv  syphilis  changes. 

I  agree  with  Dr.  Dunham  thoroughly  in  the 
inadvisability  of  making  the  diagnoses  from 
roentgenograms  alone.  My  idea  is  to  suggest 
syphilis  as  one  of  the  things  which  produces 
the  shadows  which  we  see ;  never  to  make  a 
positive  diagnosis  until  the  shadows  have  dis- 
appeared and  the  patient  is  well. 

Answering  Dr.  Hickey's  question,  I  have  ob- 
served syphilis  of  the  pleura  in  two  cases,  one 
where  involvement  of  the  pleura  obscured  the 
entire  thorax  on  one  side,  where  the  probable 
diagnosis  of  syphilis  was  confirmed  shortly 
after  by  autopsy.  The  other  was  a  syphilitic 
pneumonia  involving  the  pleura,  in  which 
the  patient  apparently  recovered  from  the 
pneumonia,  but  the  pleura  always  remained 
thickened. 


ANEURYSM  OF  THE  AORTA  AND  ABSCESS  OF  THE 
TRACHEOBRONCHIAL  LYMPH  GLANDS 

By  R.  D.  carman,   M.D.  and  C.  G.  SUTHERLAND,  M.D. 
Section  on  Roentgenology,  Mayo  Clinic 

ROCHESTER,     MINNESOTA 


/^ASE  280177,  Mrs.  W.  S.,  aged  twenty- 
^^  nine,  wife  of  a  farmer,  was  admitted 
to  the  Clinic  July  15,  191 9.  Her  health  had 
been  good  until  three  months  before  admis- 
sion. With  the  exception  of  abscessed  teeth, 
several  of  which  had  been  extracted  about 
six  weeks  before,  she  had  been  in  good 
health.  The  onset  of  her  illness  was  gradual 
with  a  general  tired  feeling  and  some  pain  in 
the  right  side  of  the  chest  and  around  the 
heart.  Her  symptoms  were  attributed  to 
overwork,  but  rest  and  later  one  week  in 
a  hospital  failed  to  improve  her  condition. 
Within  two  weeks  of  the  extraction  of  her 
teeth  her  temperature  rose  in  the  evening, 
reaching  an  average  of  99  degrees  ;  her  pulse 
was  rapid,  and  her  breath  short  on  exertion 
or  when  she  was  lying  on  her  back.  She 
choked  at  times  when  taking  food.  Half  an 
hour  after  eating  she  had  coughing  spells  in 
which  she  raised  large  amounts  of  clear 
sputum.  Later  a  wheezing  in  the  throat  of 
gradually  increasing  severity  was  noted.  She 
lost  seven  or  eight  pounds  in  weight  during 
her  illness. 

Examination  revealed  slight  bubbling  rales 
over  the  chest.  The  heart  was  not  enlarged ; 
a  systolic  murmur  was  heard  only  at  inter- 
vals ;  the  pulse  was  rapid  and  irregular.  The 
abdomen  and  pelvis  were  negative.  The  sys- 
tolic blood  pressure  was  120,  the  diastolic 
was  80,  the  pulse  was  100,  and  the  tempera- 
ture 99.5°.  Examination  of  the  blood  was 
not  recorded.  The  W^asserniann  reaction  was 
negative. 

Roentgen  examination  revealed  a  mass 
bulging  into  the  upper  mediastinum  which 
with  the  fluoroscope  proved  to  be  non-ex- 
pansile but  was  thought  to  be  an  aneurysm 
of  the  arch  of  the  aorta. 

The  patient  died  four  days  after  admis- 


sion to  the  Clinic ;  the  necropsy  findings  were 
as  follows: 

A  large  spherical,  encapsulated,  non-tu- 
berculous abscess  of  the  tracheobronchial 
lymph  nodes  (from  10  cm.  to  12  cm.  in  di- 
ameter) was  found.  This  mass,  situated  at 
the  bifurcation  of  the  bronchi,  rested  behind 
the  bronchi,  more  to  the  left  side,  in  front  of 
the  esophagus,  and  against  the  right  pulmon- 
ary artery  and  vein  and  the  descending  arch 
of  the  aorta.  There  was  evidence  of  extensive 
compression  of  the  trachea  and  of  the 
esophagus.  The  bronchial  tree  was  filled  with 
unexpectorated  mucus  and  the  entire  venous 
circuit  was  markedly  engorged.  The  body 
was  strikingly  livid  and  showed  moderate 
emaciation  with  some  edema. 

Case  8734.  Mr.  G.  R.,  aged  fifty,  a  bar- 
tender for  a  time  and  later  a  stationary  en- 
gineer, was  admitted  to  the  Clinic  August 
28,  1 91 9,  complaining  of  a  dull  pain  in  the 
left  chest.  This  pain  was  not  influenced  by 
respiration,  but  was  accentuated  by  coughing 
or  sneezing.  He  had  had  left  side  pleurisy 
with  effusion  five  years  before  and  five  at- 
tacks of  pleurisy  in  the  intervening  period. 
He  had  left  side  pneumonia  in  1918  and  in 
1919  was  confined  to  bed  for  several  days 
with  "chest  trouble."  At  this  time  he  had  a 
tickling  sensation  extending  down  the  left 
bronchus,  followed  by  a  slight  cough  and  a 
small  amount  of  whitish  expectoration.  In 
1908  the  patient  had  been  treated  at  the 
Clinic  for  urethral  stricture ;  he  had  had 
chancre  at  the  age  of  twenty-seven  and  a 
history  of  gonorrheal  infection  over  ten 
years.  He  complained  of  shortness  of  breath, 
weakness,  aching  between  the  shoulders  at 
night,  occasional  night  sweats,  and  that  he 
was  incapacitated  for  work.  He  had  lost 
twenty  pounds  in  weight  in  six  months. 
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Examination  revealed  general  adenopathy, 
expansion  was  limited  on  the  left  side  of  the 
chest ;  the  percussion  note  was  flat ;  vocal 
resonance  and  vocal  fremitus  were  dimin- 
ished. The  breath  sounds  on  the  left  side 
were  distant ;  there  were  no  rales,  and  no 
changeable  dullness.  The  pulse  was  regular; 
a  systolic  murmur  heard  at  the  base  and  to 
the  left  of  the  mid-sternal  line  was  believed 


Pneumothorax  did  not  follow  these  operat- 
ive procedures. 

The  patient  returned  to  his  home  Septem- 
ber 2,  and  word  was  received  of  his  death 
in  November. 

We  are  indebted  for  the  following  notes 
to  Dr.  T.  R.  Martin,  of  the  Duluth  Clinic, 
who  performed  the  necropsy. 

"On  opening  the  chest  both  pleural  cavi- 


Fig.  I.  Case  280,177.  Shows  shadow  bulging  into 
upper  mediastinum. 

to  be  an  accentuated  second  sound.  The  sys- 
tolic blood  pressure  was  136,  the  diastolic 
92 ;  the  hemoglobin  and  blood  count  were 
normal.  Examination  of  the  sputum,  the 
Wassermann  reaction,  and  the  electrocardio- 
graphic findings  were  negative. 

Roentgen  examination  revealed  a  dense 
shadow  throughout  the  entire  area  of  the  left 
lung.  This  suggested  fluid,  but  aspiration 
failed  to  reveal  it.  An  attempt  to  elicit  fluid 
two  days  later  by  the  same  method  failed  and 
a  small  incision  was  made,  deep  enough  to 
allow  a  few  tiny  bubbles  of  air  to  escape. 
The  pleura  was  not  appreciably  thickened 
but  appeared  to  be  adherent  to  the  lung. 


Fig  2.   Case  8734.   Shows  dense  shadow  in  area 
of  left  luiig. 

ties  were  found  to  be  obliterated  by  old 
adhesions  and  the  pericardium  was  adherent 
to  the  pleura  on  the  left  side.  The  lungs 
and  heart  were  removed  en  masse;  in  strip- 
ping down  the  descending  aorta  the  knife 
met  with  an  obstruction,  which  proved  to  be 
an  aneurysm  of  the  first  portion  of  the  de- 
scending aorta,  about  9  cm.  by  10  cm.,  con- 
taining an  organized  clot.  The  posterior  wall 
of  the  aneurysm  was  firmly  adherent  to  the 
spine  and  had  produced  pressure  necrosis  on 
the  lateral  aspect  of  three  of  the  dorsal  ver- 
tebrae. 

"There  were  no  abnormalities  of  the  heart 
or   pericardium   except   calcareous   deposits 
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at  the  bases  of  the  cusps.  The  aorta  showed 
numerous  calcareous  plaques  at  the  site  of 
the  aneurysm.  On  introducing  the  finger 
through  the  auricle  into  the  pulmonary  vein 
an  obstruction  was  met  which  suggested  an 
acute  angulation  of  the  vein  from  pressure 
and  distortion  by  the  adherent  aneurysm. 
The  pulmonary  artery  on  the  left  side  was 
patent. 

"The  left  lung  was  dark  red,  glistening, 
and  moist;  on  section  it  was  firm  and  liver- 
like in  consistency  and  contained  no  air. 

"There  was  nowhere  any  evidence  of 
tumor  formation. 

"A  roentgenogram  was  niade  of  the  heart 
and  left  lung  removed  from  the  body  and  in 
this  the  left  lung  cast  a  shadow  more  dense 
than  the  heart  free  from  blood  suggesting 
that  the  antemortem  shadow  in  the  left  lung 
was  due  to  passive  congestion." 

In  Case  280177  the  plates  and  fluoro- 
scopic examination  revealed  a  non-pulsating 
shadow  bulging  into  the  upper  mediastinum, 
which  could  not  be  distinguished  from  the 
arch  of  the  aorta  (Fig.  i).  In  spite  of  the 
patient's  age,  a  negative  Wassermann  reac- 
tion, and  the  fact  that  the  shadow  was  non- 
expansile,  aneurysm,  in  our  opinion,  was  the 
logical  diagnosis.  In  the  literature  it  is  gen- 
erally agreed  that  aneurysm  rarely  occurs 
without  a  coexistent  history  of  syphilis;  on 


the  other  hand,  it  is  known  that  patients  may 
ac([uire  s\philis  unknowingly  and  that  the 
Wassermann  reaction  may  be  negative  in  the 
presence  of  syphilitic  infection.  No  expansile 
pulsation  was  observed  in  the  shadow  in  this 
case,  but  it  is  not  always  present  in  aneurysm 
of  the  arch  of  the  aorta. 

In  Case  8734  the  roentgen  findings  were 
definitely  those  of  fluid  in  the  pleural  cavity 
(Fig.  2).  The  course  of  the  aorta  could  not 
be  defined  because  of  the  extent  and  density 
of  the  shadow.  The  clinical  findings  were  as 
characteristic  of  fluid  as  were  the  roentgen 
findings  and  the  history  of  repeated  attacks 
of  pleurisy  and  a  left  side  pneumonia  'was 
definitely  misleading. 

In  corresponding  with  Dr.  E.  L.  Tuohy 
of  the  Duluth  Clinic  we  learned  that  because 
of  the  patient's  history  of  syphilis  he  had 
earlier  in  the  summer  been  given  rather  in- 
tensive treatment  for  syphilis  without  any 
apparent  improvement  in  his  condition. 

A  noteworthy  feature  of  these  two  cases 
was  that  the  Wassermann  reaction  was  nega- 
tive in  both,  although  in  the  second  there  was 
a  definite  history  of  syphilitic  infection. 

These  two  cases  are  of  interest  because 
the  roentgen  findings  were  considered  char- 
acteristic enough  to  allow  of  a  definite  diag- 
nosis, yet  necropsies  proved  them  to  be  in- 
correct. 
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By  W.  EDWARD  CHAMBERLAIN,  M.D. 

Assistant  Professor  of  Medicine,  Stanford  University 
AND 

R.  R.  NEWELL,  M.D. 

Assistant   Roentgenologist,   Stanford  University  Hospital, 

SAN    FRANCISCO,    CALIFORNIA 


ID  Y  the  use  of  films  and  double  screens, 
'^  it  has  recently  become  possible  to  get 
clear  pictures  of  the  maternal  pelvis  and  the 
fetal  skeleton  at  full  term.  This  seemed  to  us 
to  reopen  the  question  of  roentgenographic 
pelvimetry. 

Martins^  has  given  a  very  complete  review 
of  the  literature  on  the  subject  up  to  191 4. 
After  the  first  simple  comparisons  of  roent- 
genograms of  the  patient  with  those  of  dried 
abnormal  pelves,  various  mechanical  and 
mathematical  methods  were  developed  to 
correct  for  parallax  and  foreshortening.  The 
mechanical  method  culminated  in  the  very 
complicated  and  expensive  chair  designed  by 
Kehrer  and  Dessauer^  which  reconstructed 
by  threads  in  space  the  straight  lines  connect- 
ing target,  object  and  plate  image  and  meas- 
ured between  their  intersections.  Martins 
found  their  method  accurate  enough,  but 
they  themselves  were  unable  to  get  plates 
clear  enough  to  measure  after  the  first  few 
months  of  pregnancy.  The  mathematical 
method  culminated  with  that  of  Runge  and 
Gruenhagen''  in  191 5,  which  is  both  simple 
and  accurate.  The  only  special  apparatus 
used  is  a  plate  tunnel  and  a  plumb-bob.  They 
availed  themselves  of  the  stereoscope  to  iden- 
tify the  points  from  which  to  measure  on  the 
plate,  a  refinement  first  used  by  Manges*  in 
1 91 2.  It  is  a  simplification  of  this  method 
that  we  are  offering. 

In  using  films,  it  seemed  desirable  not  to 
use  the  edges  to  orient  them  by,  as  Runge 
and  Gruenhagen  had  done  with  plates,  so  we 
have  had  a  plumb-bob  impress  its  shadow  on 
each  exposure.  We  have  discovered  a  simple 
construction  for  the  horizontal  projection  of 
the  desired  diameter,  which  is  even  easier 


than  the  perpendicular  from  which  Runge 
and  Gruenhagen  measured,  and  in  addition 
simplifies  the  final  calculation. 

THE    APPARATUS 

We  are  using  a  tube-stand  and  table  of 
standard  make,  the  double  screen  cassettes 
being  carried  on  the  plate  changer  provided 
in  the  table.  Across  the  celluloid  window, 
somewhat  above  the  middle,  is  stretched  a 
wire  (about  20  gauge).  In  the  center  of  the 
I  mm.  aluminum  filter  is  a  very  small  lead 
ring,  from  which  hangs  on  a  cotton  string 
a  plumb-bob,  consisting  of  a  rod  3  by  50 
mm.,  with  two  rods  i  by  30  mm.  set  through 
it  near  the  end  at  right  angles  to  its  long  axis 
and  to  each  other. 

METHOD    OF    TAKING    THE    PICTURES 

The  target  is  set  88  cm.  above  the  plane  of 
the  film.  We  have  chosen  this  target  distance 
arbitrarily.  The  shadow  of  the  plumb-bob  is 
observed  on  a  bare  screen,  and  the  tube 
holder  is  tilted  until  the  shadows  of  plumb- 
bob  and  lead  ring  are  concentric,  thus  bring- 
ing the  plumb-bob  vertically  below  the  target. 
The  patient  is  made  to  lie  down  on  the  table, 
with  her  pelvis  over  the  celluloid  window,  a 
lead  marker  is  placed  under  her  right  hip,  the 
tube  is  brought  over  the  right  iliac  region 
and  an  exposure  made.  The  tube  is  shifted 
10  cm.  to  the  left  parallel  to  the  wire  above 
mentioned,  and  another  film  exposed.  It  is 
necessary  that  the  exposures  be  full,  for  an 
under  exposure  will  fail  to  show  the  shadow 
of  the  plumb-bob,  and  the  promontory  of  the 
sacrum  will  probably  be  obscured  by  the 
density  of  the  fetal  head.  With  a  radiator 
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Coolidge  tube  about  1 5  sec.  at  30  ma.  at  a  4 
inch  gap  has  given  readable  pictures. 

MEASURING    THE    FILMS 

The  films  when  dry  are  placed  in  the 
stereoscope,  or  are  viewed  on  the  light  box 
with  a  prism  hand  stereoscope,  and  the 
points  marked  between  which  measurement 
is  desired,  e.  g.,  the  promontory  and  sym- 
physis, the  ischial  spines,  the  brim  at  sacro- 
iliac joint  and  ileopectineal  eminence,  etc. 
Then  on  the  light  box  a  piece  of  clear  cellu- 
loid is  laid  over  one  of  the  films,  and  on  it 
marked  (i)  two  dashes  over  the  shadow  of 
the  wire,  (2)  the  center  of  the  plumb-bob, 
and  (3)  the  points  on  the  pelvis,  labeling 
each  pair.  The  celluloid  is  then  laid  over  the 
other  film,  setting  the  dashes  over  the 
shadow  of  the  wire,  and  the  mark  for  the 
plumb-bob  exactly  10  cm.  from  the  second 
plumb-bob  shadow.  The  points  on  the  pelvis 
are  then  marked  in  their  new  positions. 
Draw  lines  connecting  the  plumb-bob  dots 
with  the  pelvis  dots  belonging  to  each,  and 
another  connecting  the  intersections.  The 
tracing  for  measuring,  say,  the  conjugata 
vera,  will  then  appear  thus  (see  Fig.  i). 

A  centimeter  scale  laid  on  3'  gives  the 
length  in  centimeters  of  the  horizontal  pro- 
jection of  the  required  diameter.  A  special 
scale  laid  on  a  and  h  gives  the  height  in 
centimeters  of  each  end  of  the  conjugate 
above  the  plane  of  the  film.  The  length  of 
the  conjugate  is  then  computed  from  the 
formula ; 

ACCURACY 

As  a  check  on  the  method  we  have  used  a 
light  wire  10  cm.  long  with  spherical  knobs 
on  the  ends.  This  is  laid  across  the  symphysis 
when  the  exposures  are  made.  If  calculation 
from  the  films  gives  the  length  of  this  cor- 
rectly, then  one  may  be  sure  that  no  mistakes 
were  made,  and  can  trust  the  calculations  for 
the  other  measurements.  Accuracy  in  deter- 
mination of  the  pelvic  diameters  will  depend 


almost  entirely  on  the  accuracy  with  which 
the  points  are  marked  on  the  films.  That  this 
is  a  real  cause  of  error  was  shown  by  deter- 
minations on  dried  pelves,  where  the  results 
at  times  differed  from  the  calipered  lengths 
of  the  antero-posterior  diameters  by  as  much 
as  4  mm.  This  I  believe  was  due  to  the  diffi- 
cultv  of   marking   accurately   the   posterior 


Fig.  I.  Tracing  ready  for  measurement.  M  and  N 
are  the  plumb-hob  marks,  iv  and  xv'  mark  the  wire, 
P  and  P'  the  promontorj-,  and  S  and  S'  the 
symphysis. 

surface  of  the  symphysis.  The  promontory 
of  the  sacrum  is  also,  to  a  less  degree,  a 
source  of  uncertainty.  The  oblique  diameters 
of  the  inlet  and  that  between  the  ischial 
spines  are,  however,  always  very  definite, 
and  these  are  not  only  of  prime  importance 
in  the  mechanism  of  labor  but  are  most  un- 
satisfactorily estimated  by  the  classical 
methods  of  pelvimetry.  Error  here  has  been 
less  than  2  mm. 

It  should  be  pointed  out  that  the  method 
we  have  described  is  more  widely  useful  than 
merely  for  pelvimetry.  It  can  be  used  for 
measuring  almost  any  of  the  dimensions  of 
the  skeleton,  and  perhaps  even  of  soft  parts. 
By  taking  a  third  exposure  to  rule  out  move- 
ment, the  dimensions  of  the  fetus  may  be 
estimated. 
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We  wish  to  thank  Dr.  A.  B.  Spalding  for 
the  interest  he  has  taken  in  this  prolilem  and 
for  the  use  of  clinical  material  from  the  ob- 
stetrical service  of  Lane  Hospital. 

For  completeness  the  mathematical  treat- 
ment of  the  problem  is  given  below,  but  an 
understanding  of  it  is  not  necessary  in  the 
actual  use  of  the  method. 


Figure  2. 
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Fig.  3.  Special  Scale  for  Measuring  the  Tracing. 

The  unknown  points  A  and  B  are  pro- 
jected onto  the  horizontal  plane  ORST  from 
the  two  positions  of  the  target  at  K  and  L, 
showing  as  the  points  D.  C.  F  and  G.  M  and 
N  are  the  plumb-bob  shadows  and  lie  ver- 
tically below  K  and  L  respectively.  (Fig.  2.) 

Since  in  the  triangles  KMC  and  LND, 
KM  and  LN  are  vertical,  MC  lies  vertically 
under  KC,  and  ND  under  LD.  Therefore  E, 


the  intersection  of  MC  and  ND,  is  vertically 
under  A,  the  intersection  of  KC  and  LD; 
i.e.,  AE  is  vertical. 

Similarly  BH  is  vertical. 

Since  HE  is  horizontal,  the  figure  ABHE 
is  a  right  trapezoid.  Its  hypothenuse,  AB, 
is  the  length  to  be  measured. 

.  •  .  (AB)^=  (EH)=^+  (AE  — BH)- 

EH  is  y  in  Figure  i  and  directly  measur- 
able; and  AB  is  the  unknown  length  x. 
,  ■  ,x'  =  yr  +  (AE  — BH)=^ 


,r=  Vr  +  (AE  — BH)' 
Since  KL  is  parallel  to  ORST,  KL,  DC 
and  EG  are  all  parallel. 

KL  _  KA 
•  '"DC"""  AC 
KL  +  DC  _  KA  -f  AC  __  KC 
DC   ""    AC    ~~  AC 


KC 
^^^AC  = 
KM    KL  +  DC 


AC 
KM 
AE 


AE 


AE  =  KM. 


DC 
DC 


Similarly  BH  =  LN. 


KL  +  DC 
EG 


KL  +  EG 

We  have  chosen  KM  and  LN  =  88  cm. 
and  KL  =10  cm. 


AE 


DC 


DC  -f  10 

EG 
EG^To" 
If,  now,  we  construct  a  scale  on  which  a 


and  BH  = 


length  of  I  cm.  reads 


,  we  can  by 


I  +  10 

applying  it  to  DC  and  EG,  read  off  directly 
the  magnitudes  of  AE  and  BH  respectively. 
Let  us  call  these  readings  a  and  b,  then  the 
formula  becomes: 


.t'=  V  yr  -f  (a  —  b)' 
For  convenience   we  have  printed   on   a 
piece  of  celluloid  a  centimeter  scale  for  read- 
ing 3;  as  well  as  the  special  scale  for  reading 
a  and  b.  (See  Fig.  3.) 
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SUMMARY  cross-arm  plumb-l)ob.  2.  An  aknniniini  filter 

with  small  lead  ring  from  which  to  hang  the 
A  simple  method  is  described  for  measur-     bob.  3.  A  light  bar  of  known  length  for  an 
ing  bony  dimensions,  notably  of  the  female     automatic  check  on  the  accuracy  of  the  ex- 
pelvis,    by    means    of    roentgen    rays.    The      pc^sure-making.  4.  A  special  scale  to  lessen 
special  apparatus  required  comprises:    i.   a      the  liurden  of  the  calculations.  (See  Fig.  5.) 


Fjg.  4.  The  two  films  marked  and  ready  for  tracing.  Duis  ha\  e  l)een  put  at  the  ends  of  all  the  principal  pelvic 
diameters  (internal).  The  line  drawn  between  the  ischial  tuberosities  is  for  the  measurement  of  the 
anterior  and  posterior  sagittal  diameters.  (The  films  taken  at  term  show  hardlj-  enough  contrast  for 
satisfactory  reproduction.) 

The  following  arc  the  measurements  of  this  pelvis. 


Pelvic  inlet: 


Anteroposterior 
Transverse 
Right  oblique 
Left  oblique 


V 

V  133 

V  10.9 

V  108  2  +  7  2     =  12.8  cm 


9.5  2  -f-  6  2  =11.2  cm. 
+  1-5^  =  134  cm. 
+  52     z=  12.0  cm. 


Plane  of  least  dimensions: 


Pelvic  outlet : 


Anteroposterior  ^    47  2  _|_  g  2      —  jo.i  cm. 

Transverse  V  iiTa  2  +  1T5  2  —  11,3  cm. 

Anteroposterior  ^/    ^  2  _|_  5.5  2  =    6.8  cm. 

Bisischial  ^/  ^2  j^  q        —  „  7  cm. 

Anterior   sagittal  -y/    7!l  2  -f-  4  2      =     4.1   cm. 

Posterior    sagittal  V    5^  24.  5  2      —     8.3  cm. 


(Caesarian  section  was  done  for  threatened  eclampsia  and   at  operation   the  true   conjugate   was   measured 
and  found  to  be  11  cm.,  a  discrepancy  of  2  mm.) 


276 


Problems  and  Prospects  of  Deep  Roentgen  Therapy 


[Note:  Since  sending  this  in  for  pubhcation 
we  have  acquired  a  Potter-Bucky  diaphragm. 


Filter,    Plumb-bob   and   Control    Rod. 


We  find  that  the  negatives  of  the  pelvis  taken 
with  this  are  very  much  clearer,  and  conse- 
quently capable  of  much  more  accurate  meas- 
urement. 

We  are  using  a  universal  Coolidge  tube  at 
9  inch  parallel  spark-gap  at  about  15  milliam- 
peres,  and  find  that  fifteen  seconds  is  a  satis- 
factory exposure  for  moderate  size  pregnant 
abdomens.] 


BIBLIOGRAPHY 


1.  Martius,    H.    Fortschr    a.    d.    Geb.    d.    Rontgen- 

stralilen.    1914,  xxii,  601. 

2.  Kehreu,    E.    and    Dessauer,    F.    Miinchen.    med. 

IVchnschr.  1914,  Ixi,  22. 
J.  RuNGE,    E.    AND    Gruenhagem,    E.    Mouatschr.   f. 
Geburtsh.  u.  Gynack.  1915,  xlii,  292. 

4.  Manges,  W.  F.  Am.  J.  Obs.  1912,  Ixv,  622. 

5.  Van  Allen,  Harvey  W.  Ajii.  J.  Roentgenol.  July, 

1916,  iii,  367. 


PRESENT  PROBLEMS  AND  FUTURE  PROSPECTS  OF 
DEEP  ROENTGEN  THERAPY* 

By  albert  SOILAND,  M.D.,  F.A.C.P. 


LOS    ANGELES,    CALIFORNIA 


ll/  ITHIN  the  past  year,  one  of  Ameri- 
'  ^  ca's  distinguished  physicists  inquired 
of  the  writer  whether  the  roentgen  rav  had 
any  therapeutic  action  on  tissues  other  than 
the  skin.  This  question,  propounded  in  all 
seriousness  by  an  acknowledged  expert  in 
.r-ray  physics,  if  accepted  as  indicative  of  a 
general  lack  of  knowledge  of  this  work,  re- 
flects rather  discreditably  upon  those  of  us 
who  have  been  endeavoring  to  set  forth  the 
doctrine  (^f  deep  roentgen  therapy.  We  have 
failed  either  to  present  tangible  facts  in  con- 
vincing form  through  the  medical  press,  or 
we  have  written  too  much  at  random  and 
with  so  apparent  a  lack  of  unanimitv  of 
opinion  as  to  disqualify  our  claims. 

For  some  reason,  .t'-ray  therapy  has  not 
kept  abreast  of  diagnosis,  and  unless  we 
arrive  at  a  certain  stage  of  unification  and 
standardization  of  the   former  our  efforts 


will  not  bear  the  fruit  they  should.  With 
this  purpose  in  mind,  a  brief  survey  of  some 
phases  of  this  work  may  be  of  value.  Since 
it  is  generally  admitted  that  in  certain  limited 
diseases  of  the  skin  and  appendages,  the 
.t'-ray  is  an  undisputed  dominating  factor, 
we  shall  confine  our  attention  in  this  discus- 
sion to  the  present  day  accomplishment  of 
so-called  deep  roentgen  therapy.  We  shall 
also  touch  on  w'hat  are,  in  our  opinion,  the 
most  vital  of  the  problems  facing  the  .r-ray 
operator  to-day. 

In  the  comparatively  recent  period  in 
which  short  wave  lengths  of  .r-radiation 
have  been  produced  in  w^orking  quantities,  a 
mass  of  valuable  therapeutic  data  has  been 
accumulated.  With  this  as  a  basis,  w-e  can 
segregate  the  conditions  in  which  favorable 
results  may  be  expected,  conditions  which 
will  uniformlv  show  an  end  result  varying 
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between  more  or  less  permanent  relief  and 
a  clinical  cure.  As  falling  within  this  class, 
we  may  roughly  enumerate  certain  glandular 
and  organic  diseases.  Named  in  the  order 
of  their  responsiveness,  we  would  mention 
localized  adenopathies,  simple  post-infec- 
tious, and  tubercular.  From  this  list,  we  are- 
excluding  luetic  and  carcinomatous  glands. 
Next  in  order  are  diseases  of  metabolism 
due  to  hypo-  and  hyper-secretion,  those  in- 
volving the  thyroid,  thymus,  adrenals,  and, 
according  to  more  recent  investigations,  the 
pituitary.  Hyper-activity  of  the  ovary  is 
very  readily  influenced  and  corrected  by  deep 
roentgen  therapy.  The  same  influence  can 
easily  be  obtained  upon  uterine  cells,  partic- 
ularly where  menorrhagia  is  a  sequence.  Fi- 
bromata and  myomata  show  a  uniformly 
favorable  response  in  a  manner  to  convince 
the  most  skeptical.  In  the  spleen  and  its 
associated  leukemias  we  have  a  stay  of  the 
pathological  blood  changes  sufficient  to  make 
the  effort  distinctly  worth  while.  The  list  of 
conditions  enumerated  may  be  said  roughly 
to  include  the  present  day  indications  for 
deep  roentgen  therapy  in  so  far  as  clinical 
relief  may  be  expected,  and  for  which  up  to 
the  present  time  no  other  more  useful  medi- 
cal agent  has  been  found. 

The  question  will  of  course  be  raised:  In 
the  malignant  forms  of  internal  disease,  has 
the  .r-ray  any  action  which  will  warrant  its 
use  ?  From  a  careful  perusal  of  the  literature, 
and  a  knowledge  of  the  work  of  many  con- 
scientious radiologists,  as  well  as  from  our 
own  experience,  which  has  extended  over  a 
period  of  many  years,  we  have  reached  the 
conclusion  that  in  certain  types  of  internal 
malignancies  roentgen  therapy  has  achieved 
some  success.  This  is  particularly  true  in 
carcinomatous  glands.  Those  due  to  an  ex- 
tension of  a  malignant  process  respond  more 
favorably  than  those  due  to  a  true  metas- 
tasis. Our  failure  to  influence  carcinomatous 
masses  has  been  largely  due  to  our  inability 
to  deliver  to  any  particular  deep  area  a  lethal 
dose.  This  is  a  problem  which  the  future 
must  solve.  There  are  on  record,  however, 
a  considerable  number  of  cases  of  sarcoma. 


of  which  we  have  had  several  in  our  own 
practice,  that  have  been  clinically  cured  by 
deep  roentgen  therapy. 

As  is  well  known,  in  carcinoma  of  the  deep 
tissues,  we  have  had  very  little  encourage- 
ment; yet  the  following  case  is  so  extra- 
ordinary that  it  is  well  worth  recording.  The 
patient,  male,  forty-two  years  old,  with  car- 
cinoma involving  the  lower  third  of  the 
stomach  and  the  pylorus,  inspected  through 
abdominal  incision,  was  declared  inoperable 
and  also  pronounced  malignant  by  every  lab- 
oratory and  clinical  test.  He  had  the  usual 
signs  of  advanced  pathology,  pain,  cachexia, 
and  rapid  loss  of  weight,  and  was  referred 
for  roentgen  treatment  as  a  placebo.  The 
upper  abdomen  was  subjected  to  intense 
^-ray  exposures  with  heavy  filters.  In  sixty 
days,  the  patient  had  gained  twenty  pounds, 
his  color  was  better,  his  appetite  and  stomach 
function  greatly  improved.  X-ray  treatment 
has  been  continued  for  several  months. 
Nearly,  a  year  has  elapsed  since  the  explora- 
tory incision.  At  present,  the  tumor  is  no 
longer  palpable,  but  the  tissues  on  deep 
pressure  feel  fibroid  and  non-elastic.  The 
patient's  stomach  functionates  properly,  he 
retains  his  normal  weight,  feels  well,  and 
maintains  active  work.  The  outlook  is  de- 
cidedly hopeful. 

The  present  day  problems  of  deep  roent- 
gen therapy  have  to  deal  largely  with  our 
ability  to  deliver  a  sufficient  number  of 
radio-active  units  to  the  tissues  we  wish  to 
influence.  With  the  instruments  now  avail- 
able this  is  acomplished  to  a  certain  degree, 
but  we  are  yet  far  removed  from  an  ideal 
which  will  permit  us  to  deliver  at  will  a 
known  quantity  of  the  energ}-  of  radiation  to 
a  desired  point.  In  deep  roentgen  therapy, 
our  first  aim  is  to  deliver  to  the  part  sufficient 
radiation  profoundly  to  influence  this  part, 
not,  as  is  often  the  case,  merely  to  a  point 
of  stimulation  or  irritation,  but  in  sufficient 
force  to  cause  a  complete  inhibition  of  path- 
ological cell  activity.  From  a  theoretical 
stand-point,  it  would  seem  logical  to  assume 
that  when  a  bundle  of  deeply  acting  rays 
pass  through  cellular  tissues  of  widely  differ- 
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ent  construction  and  function,  both  normal 
and  pathological,  if  such  rays  are  delivered 
in  quantity  sufficient  to  inhibit  the  action  of 
the  pathological  cells,  the  normal  structures 
must  suffer  equally.  Undoubtedly  this  is  true 
to  a  degree,  yet  there  is  very  little  evidence 
that  such  destruction  actually  occurs.  It  must 
be  remembered  that  we  are  not  referring  in 
these  remarks  to  the  European  1 6-hour  tech- 
nique or  to  A'-ray  necrosis  with  secondary 
destruction  due  to  so-called  burns  associated 
with  the  skin  and  adjacent  tissues.  The 
writer  has  always  assumed  that  in  the  soft 
cellular  tissues  of  the  body  very  little  absorp- 
tion of  rays  occurs,  and  that  only  in  con- 
gested areas  with  cellular  impaction  are  the 
rays  absorbed  sufficiently  to  give  off  the  well- 
known  secondary  effects,  which  are  the 
actual  working  units  of  rav  energv.  If  this 
simple  hypothesis  is  accepted  it  would  easily 
explain  why  we  get  an  apparent  selective 
action  on  pathologic  structures. 

In  our  work,  one  of  the  most  important 
of  the  problems  is  the  thorough  and  effectual 
protection  of  the  skin  and  its  appendages. 
There  is  a  healthy  endeavor  in  this  direction 
now  evident,  and  our  former  two  or  three 
millimeters  of  aluminum  are  now  replaced 
by  six  to  ten  millimeters  of  aluminum.  This 
is  highly  desirable  when  working  with  one 
hundred  kilovolts  or  more.  Another  phase 
of  the  same  problem  is  the  protection  of  the 
operator  as  well  as  of  the  patient.  Under 
such  high  tension  work,  the  patient  is  fre- 
quently better  protected  than  the  operator. 
The  usual  protective  screens,  which  come  as 
a  part  of  the  generating  plant,  are  whollv 
inadequate.  Lead  one-half  inch  thick  on  three 
sides  of  the  operator's  booth  is  none  too 
heavy.  The  lead  glass  windows  in  such  a 
cabinet  should  be  in  layers  to  make  a  one 
inch  thickness.  It  is  doubtful  whether  anv  of 
us  take  this  amount  of  precaution,  l)ut  it  is 
most  certainly  indicated. 

Radiologists  to-day  have  a  fairly  definite 
idea  of  what  constitutes  a  safe  massive  dose, 
yet  there  is  so  great  a  difference  in  the 
technique  of  the  various  operators  that  a  def- 
inite general  formula  cannot  be  adopted.  A 


massive  dose  through  ten  millimeters  of 
aluminum  filter  has  an  entirely  different 
range  of  activity  from  one  where  four  milli- 
meters are  employed  with  the  same  setting. 
Again,  one  using  an  eight  inch  focal  distance 
and  another  ten,  with  otherwise  the  same 
formula,  will  fall  far  short  of  arriving  at 
the  same  point.  The  greatest  difference  in 
the  formulae,  however,  is  in  the  kilovoltage 
constant.  It  is  extremely  difficult  to  maintain 
a  consistent  ten  inch  back-up  with  our  pres- 
ent equipment,  although  this  point  should 
be  striven  for  if  we  are  to  expect  definite 
effects  deep  down  in  the  tissues. 

Gleanings  from  the  field  make  it  apparent 
that  the  average  massive  deep  dose  ranges 
in  formulae  as  follows;  Voltage  or  spark 
back-up  equivalent  from  7^  to  10  inches, 
focal  distance  6  to  10  inches,  filters  3  to  6 
millimeters  aluminum,  milliamperes  on  tube 
circuit  4  to  6,  time  5  to  10  minutes.  From 
these  various  combinations,  a  very  effective 
deep  massive  dose  could  be  administered, 
and  on  the  other  hand  one  of  no  practical 
use  whatever  could  also  be  chosen.  In  an 
attempt  at  standardization,  the  writer  is  now 
engaged  in  working  on  formulae  based  upon 
the  distance  beneath  the  surface  we  endeavor 
to  reach.  Briefly  these  are  as  follows:  With 
3  constants,  back-up  10  inches,  focal  dis- 
tance 8  inches,  milliamperes  5,  tissues  up  to 
2  inches  below  the  surface,  4  millimeters 
aluminum  filter,  time  7  minutes.  This  dose 
may  be  repeated  twice  within  thirty  days 
over  the  same  skin  area.  Tissues  4  inches 
below  the  surface,  6  millimeters  aluminum, 
time  10  minutes.  This  may  be  repeated  over 
the  same  area  twice  up  to  thirty  days.  Parts 
6  inches  or  more  beneath  skin,  10  milli- 
meters aluminum,  15  minutes  time.  This 
dose  may  be  repeated  three  times  in  thirty 
days.  In  all  this  work,  an  additional  cotton 
filter,  one-half  inch  thick,  under  compres- 
sion, is  employed.  No  further  exposure  is 
permitted  over  the  same  surface  within  three 
months. 

The  future  prospects  of  deep  therapy  are 
distinctly  encouraging.  When  we  look  back 
upon  the  comparatively  few  years  in  which 
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an  effort  has  been  made  to  separate  the 
wheat  from  the  chaff  in  ;r-ray  therapy,  we 
have  strong  reasons  to  be  optimistic.  No 
doubt  certain  improvements  in  apparatus 
will  soon  be  developed:  First,  an  electrical 
generator  with  unlimited  voltage,  so  con- 
structed as  to  render  the  patient's  circuit 
free  from  danger;  second,  a  controlling  de- 
vice calibrated  with  a  selective  system  to 
give  any  range  of  penetrability  desired ;  and 
third,  a  "Coolidge"  tube  of  sufficient  capacity 
to  lend  itself  in  every  way  to  the  require- 
ments laid  down.  If  such  a  development 
occurs  in  the  not  too  distant  future,  the 
scope  and  success  of  deep  roentgen  therapy 
will  be  materially  increased.  Will  such  evolu- 
tion of  .r-ray  energy  prove  a  definite  cure  for 


cancer?  The  writer  believes  not,  but  he  also 
believes  that  it  will  be  found  in  that  case  to 
be  superior  to  surgery,  and,  combined  with 
the  latter,  will  probably  be  the  best  method 
of  attack,  until  the  true  cause  of  this  terrible 
disease  of  modern  civilization  has  been 
found  and  conquered. 


Addendum:  Since  this  article  was  written,  I 
am  informed  that  American  engineers  are  per- 
fecting high  voltage  tubes  and  transformers  of 
even  greater  capacity  than  those  in  foreign 
service,  and  that  these  will  soon  be  available 
for  our  use.  This  eventuality,  of  course,  will 
necessitate  a  complete  reorganization  of  all  our 
present  treatment  factors. 

The  Author. 
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Dr.  G.  E.  Pfahler.  There  has  been  so 
much  material  presented  in  these  papers 
that  it  is  impossible  to  discuss  everything 
thoroughly.  The  work  presented  by  Dr.  Levin 
was  of  a  fundamental  character,  and  will  give 
us  principles  to  work  on  that  do  not  need  so 
much  discussion. 

The  excellent  results  obtained  by  Dr.  Rick- 
ey in  the  treatment  of  papillomata  and  car- 
cinomata  of  the  larynx  are  brilliant.  You  can 
get,  however,  good  results,  too,  by  the  external 
application  of  radium  or  .;r-ray.  I  have  had  a 
patient  with  carcinoma  of  the  larynx  for  ap- 
proximately six  years,  treated  by  the  .^-ray 
alone,  cross-firing  as  much  as  possible  on  the 
disease.  I  have  used  the  intubation  tube, 
adapted  according  to  the  case,  for  the  intro- 
duction of  the  radium  inside.  The  method 
Dr.  Hickey  has  used  of  bringing  the  capsule 
up  from  below  in  the  tracheotomy  wound  is 
very  good.  I  had  thought  of  doing  that,  but 
have  never  done  it.  I  have  a  patient  at  the 
present  time  with  a  tracheotomy  wound,  and 
I  may  carry  out  that  technique  when  I  get 
kome. 

I  was  very  much  interested  in  the  needle 
technique  described  by  Dr.  Boggs,  and  I  am 
just  as  enthusiastic  in  that  as  he.   I  believe 


that  by  properly  combining  the  radium  with 
the  .ar-ray,  we  can  get  more  carcinomas  of  the 
breast  well  than  by  any  other  means  or  any 
other  combination.  I  had  a  little  experience 
with  one  case  that  has  been  to  me  most  strik- 
ing, and  this  patient  seemed  to  be  hopeless, 
even  for  radiumtherapy,  when  I  started.  The 
patient  had  been  operated  on  a  year  before 
for  carcinoma  of  the  right  breast.  The  patient 
was  sent  to  me  with  an  ulcerating  recurrence 
in  the  scar,  approximately  two  inches  in  diam- 
eter, with  indurated  extensions  along  the  scar, 
and  a  nodule  in  the  axilla  of  the  operated 
side,  perhaps  an  inch  in  diameter.  The  un- 
operated  breast  contained  a  tumor  mass,  a 
group  of  nodules  extending  up  into  the  axilla, 
varying  from  a  half  inch  to  an  inch.  There 
was  present,  also,  mediastinal  infiltration,  pre- 
sumably carcinoma,  extending  outward  into 
the  lung  area.  You  will  admit  that  is  a  pretty 
bad  picture.  There  were  also  numerous  nodules 
in  the  supraclavicular  region  on  the  left  side, 
which  was  the  side  not  operated. 

I  introduced  radium  needles  directly  into 
the  carcinoma  of  the  breast  and  each  of  the 
nodules  leading  up  into  the  axilla,  and  into 
the  recurrent  nodules  in  the  opposite  axilla. 
I  made  surface  application  of  radium  to  the 
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nodules  in  the  supraclavicular  region,  and  I 
made  surface  application  of  the  radium  over 
the  recurrence  in  the  scar.  Then  I  cross-fired 
with  the  ;ir-ray  into  the  mediastinum  through 
numerous  portals  of  entr^\  That  was  started 
in  February.  So  far  as  we  can  see  to-day, 
either  by  eye,  by  finger  or  by  roentgenogram, 
that  disease  has  disappeared.  That  is  more  of 
a  result  than  I  believed  could  have  been  ob- 
tained by  a  combination  of  ;r-ray  and  surgery. 
I  have  used  radium  needles  in  some  other 
cases  of  carcinoma  of  the  breast,  but  they 
were  of  a  kind  that  might  have  gotten  well 
by  other  means.  I  believe  this  case  probably 
would  not  have  recovered,  although  I  have 
had  some  striking  results  even  with  the  ;ir-ray 
alone,  but  I  am  convinced  that  where  you  can 
bring  the  radium  in  direct  contact  with  the 
part,  either  by  direct  surface  application  over 
a  nodule  or  by  introduction  of  the  needle  into 
the  disease,  you  get  more  pronounced  and 
startling  results  than  by  ;r-ray  application.  It 
may  be  because  we  are  using  more  secondary 
rays  that  we  get  the  more  pronounced  results. 
However,  for  the  treatment  of  general  surface, 
or  for  treatment  into  the  mediastimmi,  you 
will  get  better  results  by  the  roentgen  rays. 

Dr.  Kennon  Dunham.  I  should  like  to  ask 
Dr.  Pfahler  what  are  the  sizes  of  the  areas 
of  cross-firing  in  the  mediastinum.  How  large 
an  area  can  be  treated  with  the  ;ir-ray? 

Dr.  G.  E.  Pfahler  (Answering  Dr.  Dun- 
ham). About  three  inches  square.  I  would  like 
to  add  a  word  about  cross-firing.  I  see  a  great 
deal  of  marking  up  of  the  chest  and  cross- 
firing.  Unless  you  can  make  that  portal  of 
entry  bring  about  an  actual  cross-fire,  you 
might  as  well  treat  two,  three  or  four  areas 
at  a  time.  You  must  decide,  first  of  all,  as 
near  as  you  can,  where  your  tumor  is,  and  then 
all  your  rays  should  be  passed  through  that 
tumor  area.  You  ought  to  arrange  the  position 
of  your  tube,  etc.,  so  that  your  rays  go  through 
the  tumor.  The  doctor  can  do  better  ;ir-ray 
therapy  than  the  technician,  because  he  is  sup- 
posed to  know  anatomy  and  he  is  supposed 
to  know  pathology,  and  he  is  supposed  to 
know  where  the  disease  is,  etc.  It  should  be 
his  business  in  each  instance  to  direct  his 
treatment  toward  that  disease. 

Dr.   George  C.  Johnston.   The  statement 


Dr.  Pfahler  has  just  made  in  regard  to  cross- 
firing  and  the  necessity  of  aiming  accurately 
in  the  direction  of  the  tumor  is,  of  course,  cor- 
rect, but  I  would  take  considerable  issue  with 
the  statement  that  radiation  directed  toward 
a  solid  body,  such  as  a  patient,  even  if  not 
directed  in  the  proper  axis,  would  have  no 
effect.  It  has  been  well  estabhshed,  I  believe, 
that  all  the  therapeutic  effect  you  get  from 
.ar-ray  radiation  is  due  to  secondary  radiation 
in  the  tissue,  so  it  wouldn't  make  so  very  much 
difference  if  the  rays  were  directed  absolutely 
or  not  in  the  proper  mathematical  direction. 
I  have  never  been  able  to  convince  myself  that 
the  filtered  gamma  rays  from  radium  were 
directly  able  to  do  very  much.  It  is  in  all 
probability  the  secondary  radiation  set  up 
which  has  the  eff"ect,  and  the  same  is  true  of 
the  highly  penetrating  ^-rays.  Why  do  we  get 
so  much  more  effect  when  we  use  a  highly 
filtered  jr-radiation  with  correspondingly  less 
length  of  application?  It  may  be  that  it  is  due 
to  the  secondary  radiation. 

Now,  we  know  that  the  very  radiation  that 
is  therapeutically  effective  is  radiographically 
outlawed.  We  know  that  the  secondary  rays 
will  produce  a  foggy  plate,  but  these  are  the 
rays  which  are  therapeutically  effective.  Did 
you  ever  think  about  that  ? 

Dr.  W.  C.  Alvarez.  I  would  like  to  call 
attention  at  this  point  to  some  ideas  again 
from  those  worms  I  talked  about  yesterday. 
To  my  mind,  some  of  the  most  stimulating 
work  done  on  the  cancer  problem  has  beem 
done  by  a  zoologist.  Professor  Child.  If  you 
wish  to  get  a  new  outlook  on  the  cancer 
problem,  I  would  suggest  that  you  read  his 
book  on  "Senescence  and  Rejuvenescence" 
published  by  the  University  of  Chicago  m 
191 5.  There  he  shows  how  the  original  em- 
bryonic cells  are  undifferentiated,  that  is,  they 
are  all  about  alike  and  all  have  the  capacity 
for  rapid  growth.  Later,  as  they  differentiate 
and  take  on  special  functions,  they  fill  up  witk 
material  which  he  calls  metaplasm.  This  more 
or  less  fixed  and  dead  material  increases  in 
amount  as  the  cells  grow  older;  and  with  its 
increase,  they  lose  their  original  power  of 
growth  and  multiplication. 

Finally,  a  time  comes  when  the  cell  develops 
the  power  of  eating  up  the  metaplasm,  it 
de-differentiates,  and  in  so  doing  regains  its 
original  power  of  rapid  growth  and  fission. 
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This  method  of  rejuvenescence  is  naturally  of 
great  value  to  lower  organisms,  but  it  con- 
stitutes a  great  menace  to  the  higher  animals. 
I  believe  that  a  careful  study  of  this  mechan- 
ism in  the  lower  organisms  may  help  us  greatly 
in  finding  the  cause  and  cure  of  cancer. 

The  idea  of  a  metabolic  gradient  comes  in 
in  the  treatment  of  cancer.  The  rapidly  grow- 
ing tumor  cells  probably  have  a  fast  metabolic 
rate  and  a  large  demand  for  oxygen.  We  have 
seen  that  such  rapidly  growing  tissues  suffer 
more  from  some  poisons  than  do  tissues  of 
slow  growth ;  and  the  problem  of  cancer  cure, 
as  I  see  it,  is  to  find  some  substance  which 
will  damage  the  rapidly  growing  cells  and  leave 
intact  the  more  slowly  growing  ones  of  the 
host.  In  working  towards  this  end,  it  would 
be  very  helpful  to  know  exactly  what  the  rates 
of  metabolism  are  in  the  different  parts  of  the 
body  and  in  the  tumors. 

Some  of  you  have  asked  me  for  suggestions 
as  to  the  causes  of  nausea  after  roentgen  ray 
treatments.  I  will  say  that  in  the  Hooper 
Foundation,  my  chief,  Dr.  Whipple,  and  some 
of  h's  associates  have  been  giving  large  dos- 
ages over  the  abdomens  of  dogs,  and  they  have 
found  that  they  can  produce  deep  ulcers  in 
the  mucous  membrane  of  the  stomach  and  in- 
testine. If  the  cone  used  is  a  small  one  the 
ulcers  are  small  and  their  edges  are  sharply 
limited.  If  such  lesions  are  produced  in  man 
they  may  account  for  some  of  the  digestive 
upsets  seen  after  roentgen  ray  treatment. 

Dr.  W.  S.  Lawrence.  I  would  like  to  hear  a 
little  discussion  on  the  matter  of  equivalent 
filtration.  This  is  what  brought  the  thought 
to  my  mind.  Someone  in  a  paper  yesterday 
said  he  was  using  one  millimeter  of  copper 
and  that  one  millimeter  of  copper  was  equival- 
ent to  19  mm.  of  aluminum.  Now  if  that  is 
true,  I  would  like  to  know  it.  Roentgen,  in 
his  original  paper,  stated  that  the  ;r-ray  pene- 
trates all  materials  in  proportion  to  their 
specific  gravity.  I  do  not  know  that  that  law 
has  ever  been  proven  false.  Now  copper  is  only 
about  three  times  as  heavy  as  aluminum,  and 
three  or  four  millimeters  of  aluminum  ought 
to  be  equivalent  to  one  millimeter  of  copper. 

One  other  point  I  would  like  to  suggest:  In 
treating    a    widespread    involvement    like    the 


case  Dr.  Pfahler  mentioned,  of  carcinoma  in- 
volving practically  the  whole  thorax,  and  par- 
ticularly where  the  lungs  are  involved,  I  think 
the  distance  method  over  a  large  area  is  a 
much  more  valuable  method  of  application 
than  the  method  of  blocking  off  in  small  areas, 
because,  as  Dr.  Pfahler  said,  in  small  areas 
improperly  directed,  the  part  below  will  not 
get  the  required  amount.  Although  there  is  a 
difference  of  rays  which  gives  you  some  cross- 
fire, even  though  you  direct  the  central  rays  at 
right  angles,  still  the  part  below  the  center  of 
one  of  those  areas  would  get  only  about  what 
the  skin  would  stand  at  six  or  eight  inches, 
according  to  the  distance  you  select.  But  if  you 
get  twenty  inches  from  the  part,  and  hit  a 
large  area,  then  the  part  below  will  get  nearly 
as  much  as  the  skin  and  the  effect  will  be  much 
greater  and  incidentally  you  save  a  great  deal 
of  time. 

Dr.  a.  L.  Gray.  I  didn't  hear  all  of  Dr. 
Hickey's  paper,  but  many  of  the  members  will 
recall  that  at  the  meeting  in  Niagara,  I  re- 
ported four  cases  of  laryngeal  papillomata 
treated  by  the  .r-ray  with  almost  complete 
success  in  all  four  of  them.  I  have  since  added 
two  adult  cases.  I  would  like  to  know  from 
Dr.  Hickey  how  long  he  treated  this  case,  and 
how  long  he  waited  after  the  treatment?  My 
experience  with  cross-fire  radiation  in  laryn- 
geal papillomata,  non-malignant,  has  been  very 
satisfactory. 

Dr.  p.  M.  Hickey.  In  reply  to  Dr.  Gray's 
statement,  I  will  state  that  I  waited  between 
three  and  four  years.  She  had  treatments  ex- 
tending over  three  months,  and  was  also 
treated  elsewhere  by  the  jr-ray.  I  tried  to  bring 
out  in  the  paper  that,  from  a  clinical  stand- 
point, there  are  two  kinds  of  laryngeal  papil- 
lomata, one  of  which  is  very  amenable  to  sur- 
gical treatment,  and  the  treatment  I  suggested 
is  simply  for  those  intractable  cases  of  papil- 
lomata of  the  larynx.  A  certain  number  are 
very  amenable  to  surgical  treatment,  and 
evidently,  from  the  Doctor's  remark,  to  roent- 
gen treatment,  also.  There  is,  however,  another 
class  which  tends  to  recur  ver\-  persistently 
and  it  is  in  that  class  I  suggested  the  contact 
application  of  radium  to  the  papillomatous 
masses. 
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WASHINGTON   MEETING 

The  Twenty-second  Annual  Meeting  of 
The  American  Roentgen  Ray  Society 
will  be  held  in  Washington,  September  27, 
28,  29  and  30,  1 92 1.  Headquarters,  meetings 
and  exhibits,  will  be  at  the  Hotel  Washington, 
Pennsylvania  Avenue,  opposite  the  Treasury. 

Hotel  accommodations  for  members  and 
guests  may  be  arranged  at  the  Washington 
Hotel  and  The  New  Ebbitt.  In  making  res- 
ervations state  that  you  are  attending  the 
meeting  of  The  American  Roentgen  Ray 
Society.  Mr,  A.  Gumpert,  Manager  of  the 
New  Ebbitt,  has  agreed  to  see  that  all  those 
attending  the  Convention  are  taken  care  of. 
Therefore  anybody  not  getting  what  he 
wants  should  communicate  direct  with  him. 

The  hotel  rates  are  as  follows: 

Hotel  Washington,  every  room  having 
private  bath  with  shower,  tub  and  running 
ice  water  (European  plan  only) : 


Single  rooms 

Double  rooms  (double  bed) 

Double  rooms  (twin  beds) 


Per  day 
$5.00  to  $7.00 
8.00 
10.00  to  12.00 


The  New  Ebbitt  (European  plan  only) : 

Per  day 
Single  room  without  bath  $2.50 

Single  room  with  bath  4.00 

Double  room  without  bath,  each  person  $2.50 
Double  room  with  bath,  each  person,        3.50 

Also  a  number  of  large  suites,  both  with 


and  without  bath,  which  will  comfortably 
accommodate  upwards  of  four  persons.  On 
these  suites  they  would  make  a  rate  of  $3.00 
per  day  each  person,  with  bath,  or  $2.00  per 
day  each  person  without  bath. 

For  information  regarding  the  program, 
those  wishing  to  read  papers  or  to  show 
slides  at  the  meeting  should  communicate 
direct  with  the  President,  Dr.  A.  C.  Christie, 
1 62 1  Connecticut  Avenue,  N.  W.,  Washing- 
ton, D.  C 

For  information  regarding  commercial  ex- 
hibits and  other  business  matters  connected 
with  the  meeting,  address  the  Business  Man- 
ager, Paul  B.  Hoeber,  67-69  East  59th 
Street,  New  York  City. 

It  is  hoped  to  arrange  for  special  trains 
and  cars  from  various  sections.  Details  re- 
garding this  will  be  announced  later. 

PRELIMINARY     ANNOUNCEMENTS 

Dr.  A.  C.  Christie,  President  of  the  So- 
ciety, announces  that  plans  for  the  program 
of  the  Annual  Meeting  of  the  Society  next 
fall  are  now  well  under  way.  Dr.  Rene 
Ledoux-Lebard  will  give  the  Caldwell  Lec- 
ture on  the  subject  of  "Deep  Roentgen 
Therapy."  It  is  planned  to  give  a  much 
larger  place  on  the  program  to  papers  on 
therapy  than  has  hitherto  been  done.  The 
plan  is  to  hold  the  meeting  for  four  days, 
giving  the  entire  first  day  to  papers  on  ther- 
apy and  to  have  the  papers  on  physics  during 
the  forenoon  of  the  second  day.  This  will 
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enable  those  who  are  interested  only  in 
therapy  to  leave  about  the  middle  of  the 
second  day,  while  those  interested  only  in 
roentgen  diagnosis  would  not  feel  it  neces- 
sary to  atend  until  the  beginning  of  the  sec- 
ond day.  Those  interested  in  both  diagnosis 
and  therapy  would  probably  wish  to  be  pres- 
ent the  entire  four  days. 

It  is  believed  that  this  plan  will  make  the 
meeting  of  interest  to  a  much  larger  number 
of  men.  It  is  requested  that  those  who  have 
papers  to  present  at  the  meeting  communi- 
cate with  the  President  of  the  Society  at  as 
early  a  date  as  possible. 

A.  C.  Christie. 


WESTERN    SECTION 
The  American  Roentgen  Ray   Society 

The  second  annual  meeting  of  the  West- 
ern Section  of  The  American  Roentgen  Ray 
Society  will  be  held  at  Portland,  Oregon, 
May  27th  and  28th,  1921.  The  headquarters 
will  be  at  the  Portland  Hotel,  and  the  Chair- 
man of  the  Local  Committee  on  Arrange- 
ments is  Dr.  Roy  A.  Payne,  Stevens  Build- 
ing. 

Every  facility  will  be  provided  for  the 
demonstration  of  plates  and  slides.  On  Fri- 


day afternoon  time  will  be  taken  for  an  auto- 
mobile trip  over  the  famous  Highway,  and 
the  banquet  will  be  held  on  Friday  night, 
May  27th. 

The  National  Society  has  been  rec|uested 
to  send  President  Christie  to  the  meeting, 
and  it  is  hoped  that  he  will  be  present.  One 
day  of  the  meeting  will  be  occupied  by  the 
Western  Section  of  The  American  Roentgen 
Ray  Society,  and  the  other  day  by  the 
Pacific  Coast  Roentgen  Ray  Society.  The 
following  papers  have  already  been  promised 
for  the  Western  Section  program : 

Super-radiation  and  Delayed  Reactions; 
Albert  Soiland,  M.D.,  Los  Angeles. 

Postural  Variations  in  Cecum  and  Colon 
and  their  Interpretation;  Roy  A.  Payne, 
M.D.,  Portland,  Oregon. 

Fractured  Vertebrae ;  William  B.  Bow- 
man, M.D.,  Los  Angeles. 

Treatment  of  Leukemia;  H.  B.  Thomp- 
son, M.D.,  Seattle. 

Subject  to  be  announced ;  Dr.  Charles  M. 
Ruggles,  San  Francisco. 

Subject  to  be  announced ;  Dr.  Charles  M. 
Richards,  San  Jose. 

The  Pacific  Coast  Society  will  have  sev- 
eral papers  of  interest  in  their  Section,  and 
the  meeting  promises  to  be  very  successful. 
W.  Warner  Watkins,  Secretary. 


Subscribers  to  The  American  Journal  of  Roentgenology  visiting  7S[eu;  Tor\  City,  are  in- 
vited  to  make  the  ojfice  of  The  Journal  (69  East  59th  Street.  Jiew  TorX)  their  headquarters.  Mail, 
pac\ages  or  baggage  may  be  addressed  in  our  care.  Hotel  reservations  will  gladly  be  made  for  those 
advising  us  in  advance;  in  this  case,  \indJy  notify  us  in  detail  as  to  requirements  and  prices.  List  of 
operations  in  Klew  Tor\  hospitals  on  file  in  our  office  daily. 


BOOK    REVIEWS 


Grenzen  des  Normalen  und  Anfaenge  des 
Pathologischen  im  Roentgenbilde.  By 
Prof.  Doctor  Alban  Kohler,  Wiesbaden. 
Third  Edition,  revised  and  enlarged,  xi  -j- 
415  pages.  Illustrated.  Published  by  Lucas 
Grafe  and  Sillem,  Hamburg. 

It  has  been  a  distinct  pleasure  to  review  the 
third  edition  of  Dr.  Kohler's  book  which  ap- 
peared in  May,  1920. 

This  edition  has  been  enlarged  by  nearly  one 
third.  As  it  was  impossible  for  Dr.  Kohler, 
during  the  period  of  the  war,  to  have  access 
to  the  medical  literature  of  the  world,  the  re- 
vision represents  almost  entirely  the  results  of 
his  own  investigations  and  experience.  There 
are  415  pages  of  text  introduced  by  a  general 
part  of  eleven  pages.  All  sections  of  the  edition 
have  been  more  or  less  enlarged,  important 
additions  having  been  made  to  the  general 
section  and  the  sections  dealing  with  the  car- 
diovascular system,  the  osseous  system  and 
pneumatic  cavities.  Attention  is  given  to  the 
outlining  of  growing  bone,  to  inconstant  parts 
of  the  skeleton,  islands  in  the  compacta,  gen- 
eral disturbances  of  growth  and  to  a  great 
number  of  minor  conditions  of  the  skeleton. 
These  are  thoroughly  described  in  238  pages. 
Sixty  pages  are  devoted  to  the  thorax  and  105 
to  the  abdomen.  Concerning  the  gastro-intes- 
tinal  tract  there^  has  been  no  change  made 
beyond  that  contained  in  the  second  edition. 


There  is  a  complete  index  and  an  extensive 
bibliography. 

The  author,  in  his  preface  to  this  edition, 
calls  attention  to  the  illustrations  which  are 
tracings  of  the  original  roentgenograms,  exact 
to  the  millimeter,  and  mechanically  reduced 
in  the  Academy  of  Arts.  These  tracings  are 
excellent  in  their  simplicity  without  undue 
elaboration  and  consequently  reveal  at  a  glance 
the  normal  condition  or  lesion  they  are  in- 
tended to  illustrate. 

The  object  of  Dr.  Kohler's  book  is  concisely 
summarized  in  the  title.  Its  value  lies  mainly 
in  its  descriptions  of  early  pathologic  changes 
and  its  demonstrations  of  the  wide  variations 
which  may  exist  within  normal  limits  and 
which  are  a  constant  source  of  error  in  the 
interpretation  of  roentgenograms.  Typical  le- 
sions have  been  described  and  pictured  often 
enough ;  the  great  difficulty  lies  in  making  ac- 
curate diagnoses  of  early  pathologic  changes, 
in  view  of  these  wide  limits  of  normal  vari- 
ation. 

This  excellent  discussion  of  normal  and 
early  pathologic  processes  should  be  carefully 
studied  by  every  physician  contemplating  the 
study  of  roentgenology,  and  even  the  expert 
would  profit  by  carefully  reading  this  work, 
for  it  presents  the  very  foundation  upon  which 
interpretation  rests. 

R.  D.  Carman. 
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THE  RELATION  OF  THE  SCIENCE  OF  PHYSICS 
TO  RADIATION  THERAPY* 

By  henry  SCHMITZ,  A.M.,  M.D.,  F.A.C.S. 

CHICAGO,   ILLINOIS 


'"T^  HE  honor  you  bestowed  upon  me  at  the 
-'-  last  annual  session  of  the  American 
Radium  Society  by  election  to  the  presi- 
dency was  not  expected  and  was  reluctantly 
accepted.  I  was  aware  of  the  many  duties  the 
office  would  bring  and  my  inability  to  do 
justice  to  its  proper  representation.  The  year 
was  hardly  on  its  way,  when  the  various 
officers  and  committees  began  to  make  prep- 
aration for  the  1 92 1  session.  I  observed  with 
a  great  deal  of  satisfaction  that  my  office 
was  hardly  on  its  way  when  the  various 
officers  and  members  of  committees  had 
actually  incurred  a  goodly  amount  of  work. 
It  is  to  their  efforts  that  the  sixth  annual 
meeting  has  been  such  a  great  success,  and 
that  the  scientific  part  of  the  program  equals 
that  of  the  preceding  meetings.  Harvard 
University,  one  of  the  most  renowned  seats 
of  learning  in  the  world,  magnanimously  re- 
sponded to  our  request  for  active  participa- 
tion in  the  scientific  proceedings  and  Di. 
Robert  Greenough  has  consented  to  give  a 
clinic  at  the  Huntington  Memorial  Hospital 
to  demonstrate  the  rapid  strides  radiation 
therapy  is  making.  I  am  certain  to  voice  your 
sentiment  in  extending  to  Dr.  Greenough 
and  his  coworkers,  to  the  officers  and  com- 

*  Presidential    Address    delivered    at    the    Sixth    Annual    Meeting 
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mittees,  the  deep-felt  thanks  and  gratitude  of 
our  Society.  Permit  me,  also,  to  take  this 
opportunity  to  thank  you  for  the  honor  you 
have  conferred  in  electing  me  to  the  pre- 
siding office  for  the  sixth  annual  session. 

Radium  therapy  and  the  sister  science 
,tr-ray  therapy  are  entering  upon  a  new  era. 
Empiricism  and  uncertaint}^  in  the  thera- 
peutic application  of  radiation  are -being 
rapidly  replaced  by  scientifically  correct 
methods.  A  biological  unit  of  dose  has  been 
defined,  measuring  instruments  have  been 
perfected  accurately  to  gauge  the  dose,  and 
clinical  investigations  have  progressed  so  far 
that  lethal  dosages  for  normal -and  abnormal 
tissues  have  been  established.  Laboratory 
researches  have  been  continued  to  investigate 
the  influence  of  radiations  on  the  blood  and 
blood-forming  organs,  to  interpret  correctly 
radiation  sickness  or  toxemia  and  to  explain 
their  influence  on  the  prognosis  of  radiation 
therapy.  Much  of  the  progress  would  not 
have  been  made  had  not  the  sciences  of 
chemistry  and  physics  and  medicine  worked 
hand  in  hand.  History  repeats  itself. 
Roentgen,  the  physicist,  discovered  the 
.ar-ray.  Madame  Curie,  the  chemist,  extracted 
radium,  after  Henri  Becquerel  had  detected 

of  The  American  Radium  Society,  at  Boston,  Tune  6,  1921, 
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radio-activity  in  uranium  ores.  Scientists  and 
physicians  have  since  labored  unceasingly  to 
evolve  correct  methods  of  technique  and 
establish  laws  of  indications  and  contra-indi- 
cations  for  the  medicinal  applications  of 
radiations.  The  fact  that  a  solution  of  the 
many  problems  of  radiation  therapy  can  be 
reached  only  by  the  joint  labor  of  chemist, 
physicist  and  physician  has  been  recognized 
by  our  Society  from  the  beginning.  We  are, 
indeed,  fortunate  to  count  among  our  mem- 
bers the  foremost  chemists  and  physicists  of 
our  country. 


rectly  gamma  radiations  of  radium  from 
i/ioo  milligram  to  500  milligrams  without 
time-consuming  calculations.  A  deflection  of 
the  hand  of  the  electrometer  indicates  the 
amount  of  gamma  radiation  of  a  radio-active 
preparation  subjected  to  measurement.  W. 
Friedrich  of  the  Freiburg  University  per- 
fected an  instrument,  which  is  composed  of 
an  electrometer  and  an  ionization  chamber 
of  I  c.c.  volume.  The  latter  is  attached  to  the 
electrometer  or  may  be  attached  to  any  elec- 
troscope by  a  dielectric  cable  of  any  desired 
length.  The  ionization  chamber  is  not  larger 


TABLE  I 

Measurements  of  a  50  mg.  Radium  Element  Capsule.  Length  2.28  cm.,  Filter 

1.5  mm.  Brass  and  5  mm.  Celluloid. 

a.  In  Water 


Measured  Doses 

Doses  Calculated 

Differences  in  % 

Distance  in  cm. 

in  %  of  Dose  at 

from  Absorption 

of  the  Calculated 

I  cm.  distance 

and  Distance 

Doses 

I 

100. 

0. 

2 

23-2 

22.5 

31 

3 

10.4 

9.0 

15.6 

4 

54 

4-55 

18.7 

5 

3-3 

2.62 

259 

6 

2.2 

1.64 

34.1 

8 

1.2 

0.72 

66.6 

10 

0.7 

0.39 

79-5 

b.  In  Air 


100. 

25- 

11.2 
6.0 
4.0 
2.6 

1.4 

I.O 


100. 

25- 

II. I 

6.3 

4.0 

2.8 

1-5 
1.0 


During  the  last  year  I  had  the  opportunity 
to  observe  the  radiation  investigations  done 
in  England,  France  and  Central  Europe.  Of 
all  the  various  researches  carried  on  I  deem 
those  the  most  important  which  are  con- 
cerned with  the  measurement  of  radiation. 
Permit  me,  therefore,  to  explain  them  in 
detail. 

In  1 914,  B.  Szilard  of  Paris  devised  an 
electrometer  that  was  standardized  to  meas- 
ure radiation  units  of  uranium.  With  the  in- 
strument it  was  also  possible  to  measure  di- 


than  an  ordinary  F.30  sound.  The  advantage 
of  the  modification  of  Szilard's  electrometer 
consists  in  the  possibility  of  inserting  the 
measuring  chamber  into  body  cavities  and 
water  phantoms  and  thus  measuring  the  ra- 
diation intensities  actually  obtained  at  the 
seat  of  the  lesion. 

Connecting  the  ionization  chamber  with  a 
Wilson  electroscope  Friedrich  was  able  to 
measure  the  intensities  of  radiations  at  var- 
ious distances  from  the  source.  The  measure- 
ments   were   made   with    a   preparation    of 


Relation  of  Physics  to  Radiation  Therapy 


287 


mesothorium  equalling  46.46  radium  element 
gamma  radiation  and  enclosed  in  a  silver 
capsule  of  a  diameter  of  4.6  mm.  and  a 
length  of  2.28  cm.  It  was  placed  in  a  brass 
filter  of  1.5  mm.  wall  thickness  and  sur- 
rounded by  a  celluloid  tube  of  5  mm.  wall 
thickness  to  arrest  the  Sagnac  rays  effect- 
ually. The  measurements  were  taken  in 
water  and  air  and  compared  with  the  calcu- 
lated dose.  The  differences  in  the  percent- 
ages of  the  measured  and  calculated  doses 
and  those  taken  in  water  and  air  are  due  to 
the  secondary  radiations  formed  in  water. 


each  of  a  radium  element  content  of  about 
50  mg.  and  a  length  of  about  3  cm.,  were 
placed  in  a  brass  filter  tube  of  a  length  of 
8.28  cm.  and  wall  thickness  of  1.5  cm.,  sur- 
rounded with  a  celluloid  tube  of  a  wall  thick- 
ness of  5  mm.  The  measurements  were 
taken  at  various  distances  in  a  vertical  di- 
rection from  the  center  of  the  longitudinal 
axis  in  water  as  well  as  in  air.  The  results 
are  shown  in  Table  II. 

If  the  source  of  radiation  be  a  point  or 
ball-like  body  of  equal  dimensions  all 
around,  then  the  planes  of  like  doses,  termed 


Measurements  of  Three  50  mg 
Filter  1.5  mm. 


TABLE  II 

Radium  Element  Capsules.  Length  2.25  cm. 
Brass  and  5  mm.   Celluloid. 
a.  In  Water 


Measured  Doses 

Doses  Calculated 

Differences  in  % 

Distance  in  cm. 

in  %  of  Dose  at 

from  Absorption 

of  the  Calculated 

I  cm.  distance 

and  Distance 

Doses 

I 

100. 

100. 

0. 

2 

32.4 

22.5 

44.0 

3 

157 

9.0 

74-5 

4 

9-3 

4-55 

104.5 

5 

S-6 

2.62 

1 13-5 

6 

4.2 

1.64 

156.0 

8 

2.4 

0.72 

233-5 

10 

1-5 

0.39 

285.0 

b.  In  Air 

I 

100. 

0. 

2 

30.5 

25.0 

22.0 

3 

15-0 

II. I 

34-9 

4 

9-3 

6.3 

48.8 

5 

6.3 

4.0 

57.6 

6 

4.6 

2.8 

67.0 

8 

2.6 

1-5 

66.5 

10 

1.6 

I.O 

60.0 

Since  the  secondary  radiations  in  water  are 
practically  of  the  same  value  as  those  in  the 
human  body,  the  deductions  apply  equally  to 
both.  (See  Table  I.) 

In  the  treatment  of  diseases  it  is  often 
feasible  to  use  much  larger  amounts  of 
radium.  Therefore  several  capsules  were 
placed  in  filter  tubes  in  a  so-called  tandem 
formation.  Measurements  of  such  an  ar- 
rangement showed  more  or  less  marked  de- 
viations from  the  values  obtained  from  the 
single  capsule.  These  mesothorium  capsules, 


standard  or  isodoses  by  Friedrich,  surround 
the  source  of  radiation  concentrically.  The 
radium  tubes  which  we  use  in  deep  therapy 
are  of  a  cylindrical  shape.  One  might  assume 
that  the  planes  of  isodoses  would  form  paral- 
lel with  and  cylindrically  around  the  tubes. 
However,  if  actual  measurements  are  taken 
in  water  for  both  preparations,  that  is,  the 
one  tube  and  three  tube  arrangements,  the 
results  of  the  measurements  as  given  in 
Tables  III  and  IV  are  obtained. 

Having  made  these  determinations  Fried- 
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TABLE  III 
Measurements  of  50  mg.  Radium  Elenient  Capsule.  Length  2.28  cm. 


Distance 

Doses  Measured  in  Center 

Doses  Measured  at  End 

Doses  Measured  in  Direction 

in  cm. 

Vertically  to  Long  Axis 

Vertically  to  Long  Axis 

of  Longitudinal  Axis 

1 

1 00.0 

70. 

25- 

2 

23.2 

20. 

9-4 

3 

10.4 

9.0 

50 

4 

5-4 

SO 

3-2 

5 

3-3 

3.1 

2.1 

6 

2.2 

1.9 

1.4 

8 

1.2 

0.9 

0.8 

10 

9.7 

0.5 

0.5 

TABLE  IV 
Measurements  of  Three  50  mg.  Radium  Element  Capsules.  Length  8.25  cm. 


Distance 
in  cm. 

Doses  Measured  in 

Doses  Measured  Verti- 
cally to  Long  Axis  Mid- 
zvay  Between  Center 
and  End 

Doses  Measured  at 

Doses  Measured  at 

Center  Vertically  to 
Long  Axis 

End  Vertically  to 
long  Axis 

End  in  Direction  of 
Long  Axis 

I 

100. 

61.5 

36.4 

19-5 

2 

32.4 

22.7 

14.7 

7.8 

3 

15.7 

11.7 

8.9 

4-5 

4 

9-3 

7-4 

5-4 

2.8 

5 

5.6 

4.9 

3-9 

2.2 

6 

4.2 

3-1 

3-0 

1.6 

8 

2.4 

1.8 

2.0 

1.0 

10 

1-5 

1.3 

1-3 

0.4 

rich  could  now  proceed  to  ascertain  the  iso- 
doses  for  radium  preparations  of  the  same 
length,  i.e.,  2.28  and  8.28  cm.  If  the  radia- 
tion intensity  is  assumed  to  be  100  per  cent 
at  a  distance  of  i  cm.  in  an  axis  drawn  ver- 
tically to  the  center  of  the  longitudinal  axis, 
then  the  percentages  90,  80,  70.  60,  50,  40, 
30,  20,  10,  5  and  2  give  the  curves  for  iso- 


doses,  as  seen  in  Figures  i  and  2  below. 
Thus  we  gain  from  the  researches  of  a 
physicist  a  correct  idea  of  the  actual  intensi- 
ties of  radiations.  The  therapeutic  applica- 
tion of  these  values  has  been  worked  out  bv 


Fig.  I.  Curves  of  Isodoses  of  a  Radium  Capsule 
of  a  length  of  about  3  cm.  [Friedrich]. 


Fig.  2.  Curves  of  Isodoses  of  Three  Radium  Capsules 
of  a  total  length  of  about  9  cm.  [Friedrich]. 
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Opitz  and  Friedrich.  The  iontometer  ex- 
presses radiation  values  in  electrostatic  units, 
shortly  designated  by  a  small  "e."  If  a  cap- 
sule of  radium  containing  30  mg.  element 
filtered  through  1.5  mm.  of  brass  and  5  mm. 
of  celluloid  is  applied  to  the  skin  at  a  dis- 
tance of  1.5  cm.  the  application  to  produce 
necrosis  of  the  skin  must  be  extended  to 
seventy  hours,  i.e.,  2100  mg.  e  hrs.  This 
measures  300  e.  Hence  7  mg.  e  hrs.  would 
equal  i  e. 

If  we  refer  to  the  tables  and  figures  of 
isodoses,  we  see  that,  if  a  50  mg.  radium  ele- 


fore  give  isodoses  as  indicated  above  and  we 
at  once  know  the  exact  intensities  that  may 
be  obtained  in  any  part  of  the  true  pelvis. 

The  question  arises,  How  may  we  apply 
these  results  in  therapy?  Obviously  a  bio- 
logic unit  of  dose  must  first  be  ascertained 
that  may  be  exactly  reproduced  by  any  one 
using  radiations;  secondly,  comparative 
doses  of  normal  and  abnormal  tissues  must 
be  determined  and  expressed  in  a  known 
quantity. 

The  normal  skia  reacts  to  a  dose  of  160  to 
170  e,  with  a  mild  inflammatory  change  char- 


TABLE  V 
Isodoses  for  Various  Distances  and  Time  Durations. 


Distance  in 
Cm. 


1.5 
2.3 
3-4 
4-7 
5-6 


%  of  Isodoses 


40 
20 

5 
2 


%  of  E.S.D.  of  50  mg.  Ra.  El. 


100 
50 
25 
12.5 

5 


%  of  "e"  Units 


14.2 
7-1 
3-55 
1.78 
0.71 


Exposure  of 


Distance  in 
Cm. 

10  Hrs. 

20  Hrs 

30  Hrs. 

40  Hrs. 

50  Hrs. 

60  Hrs. 

70  Hrs. 

1.5 

71.0 

142.0 

213.0 

284.0 

355.0 

426.0 

497.0 

2.3 

35-5 

17.0 

106.5 

71.0 

177.5 

213.0 

248.5 

3-4 

17-75 

35-5 

53-25 

142.0 

88.75 

I16.5 

114.25 

4-7 

8.9 

17.8 

26.7 

35.6 

44-50 

53-4 

62.30 

5.6 

3-55 

7.1 

10.65 

14.2 

17.75 

21.3 

24.85 

ment  capsule  be  used,  the  dosages  at  various 
distances  for  an  hour's  application  are  as 
shown  in  Table  V. 

Let  us  apply  these  observations  to  a  prac- 
tical example,  for  instance  a  cervical  cancer. 

The  limits  of  the  diseased  area  in  cases 
that  can  be  considered  to  be  benefited  by 
radiations  are  identical  with  the  lateral  bony 
pelvic  walls,  the  pelvic  inlet  above,  the  pelvic 
outlet  below.  The  axis  of  the  cervix  lies  in 
the  axis  of  the  true  pelvis.  The  uterus, 
adnexa  and  regional  lymph  glands  are  con- 
tained within  the  true  pelvic  cavity.  The 
antero-posterior  and  transverse  diameters 
measure  12  and  13  cm.  respectively.  A  ra- 
dium capsule  of  50  mg.  element  w411  there- 


acterized  by  the  appearance  within  eight  to 
ten  days  following  radiation  of  an  erythema 
and  subsequent  desquamation,  and  after 
three  to  four  weeks  by  epilation  and  brown- 
ish discoloration  of  the  skin  area.  This  reac- 
tion has  been  termed  an  erythema  dose 
(abbreviated  E.S.D. ).  It  is  the  standard  of 
comparison  for  all  other  tissues  and  radia- 
tion reactions.  A  destructive  reaction  seen  as 
blistering  and  subsequent  necrosis  of  the  skin 
is  obtained  with  a  radiation  dose  of  300  e, 
and  is  known  as  the  death  skin  dose.  It  is, 
therefore,  produced  by  about  twice  a  dose 
of  the  E.S.D. 

A   radiation   of   the   ovaries   to   produce 
amenorrhea  is  produced  by  33  e;  a  cancer 
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dose  to  cause  visible  and  palpable  resorption 
of  the  tumor  and  local  healing  within  six  to 
eight  weeks  by  150  e.  The  erythema  dose  for 
the  rectal  mucosa  appears  to  be  200  e,  for 
the  mucosa  of  the  urinary  bladder  about  200 
e.  The  sarcoma  dose  is  120  e,  the  muscle 
tissue  dose  300  e,  and  the  tuberculosis  dose 
100  e  (Seitz  and  Wintz,  Opitz  and  Fried- 
rich). 

The  object  of  the  radiation  of  uterine 
cancer  is  to  cause  degeneration  or  death  of 
all  carcinoma  cells  contained  within  the  true 
bony  pelvis  without  causing  irreparable  in- 
jury   of    the    vital    structures    and    organs 


a  sufficiently  large  dose  of  radiation  that  will 
be  lethal  beyond  a  distance  of  3  cm.  if  we 
wish  to  avoid  irreparable  injury  to  rectum 
or  bladder. 

Various  procedures  have  been  advised  to 
overcome  this  deficiency,  such  as  longer  con- 
tinued intra-uterine  radiations  irrespective  of 
any  detrimental  consequences  to  rectum  and 
bladder,  the  insertion  of  needles  or  trochars 
containing  radium  into  the  parametria,  the 
application  of  radium  packs  containing  up  to 
one  gram  of  radium  element  over  the  supra- 
pubic regions,  and  the  roentgen  ray.  It  is 
obvious   that   the   solution   of   the   problem 
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Fig.  3.  Median  Longitudinal  Section  of  Pelvis  showing  the  Intensities  of  ,Y-rays  for  each  Centimeter 
and  the  Isodoses  of  the  Radium  Capsule  Inserted  into  the  Uterine  Canal.  [After  Opitz  and 
Friedrich.] 


within  this  area.  If  we  refer  to  Figure  3  we 
see  that  the  rectal  mucosa  receives  an  isodose 
of  10  per  cent,  while  the  bladder  mucosa  lies 
within  the  isodose  of  20  per  cent.  Hence  we 
must  not  extend  the  application  of  50  mg.  of 
radium  element  to  more  than  fifty  consecu- 
tive hours,  otherwise  the  bladder  will  be  se- 
verely damaged.  The  dose  obtained  at  the 
bony  pelvic  periphery  is,  however,  so  mini- 
mal (17.75  ^)  that  instead  of  arresting  the 
growth  of  the  cancer  in  this  location,  the 
rays  will  stimulate  the  cancer.  The  conclu- 
sion must  be  drawn  that  we  can  never  apply 


must  be  one  that  may  be  used  in  every  ham- 
let of  our  country.  We  must  strive  to  enable 
as  many  cancer  patients  as  possible  to  obtain 
the  benefits  of  radium  treatment.  Roentgen 
laboratories  are  connected  with  almost  all 
hospitals.  Fifty  or  one  hundred  milligrams 
radium  element  could  easily  be  obtained  by  a 
group  of  interested  medical  men. 

May  a  combination  of  radium  and  roent- 
gen ray  therapy  improve  the  outlook  for  the 
the  patient?  Again  the  physicists  are  show- 
ing us  how  to  proceed.  Coolidge  and  his  asso- 
ciates, the  large  European  clinics,  with  the 
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cooperation  of  physicists  such  as  Friedrich 
at  Freiburg,  Wintz  and  Voltz  at  Erlangen, 
Item  at  Berne,  have  measured  the  absorption 
curves  for  the  cHfferent  quahties  of  .t--rays. 

Through  the  kindness  of  Dr.  CooHdge  and 
the  Victor  X-Ray  Corporation  I  have  been 
suppHed  with  a  measuring  instrument.  By 
means  of  it  I  have  made  actual  measure- 
ments in  the  living  subject.  The  values  ob- 
tained are  shown  in  Figure  3.  The  clinical 
application  of  the  .I'-ray  is  performed  as 
follows: 

An  exact  median  longitudinal  section  is 
made  measuring  the  distance  from  the  an- 
terior body  surface  to  the  posterior  surface 
and  from  the  anterior  surface  to  the  cervix 
and  from  the  posterior  surface  to  the  cervix, 
as  seen  in  Figure  3.  Lines  i  centimeter  dis- 
tant are  drawn  across.  The  .v-va.y  intensities 
are  entered  for  each  centimeter,  to  the  left 
those  obtained  through  the  anterior  portal  of 
entrance,  to  the  right  those  through  the  pos- 
terior portal  of  entrance.  A  summation  of 
both  is  entered  in  the  second  column  to  the 
right.  It  will  thus  be  seen  that  the  radiation 
intensities  between  the  fourth  and  twelfth 
centimeters  lack  intensity  values  of  20  to 
30  e,  170  e  being  the  required  and  permis- 
sible intensity.  A  thirty  hours'  application  of 
fifty  milligrams  radium  element  will  increase 
the  deficient  intensities  as  follows: 


146.2+  10.65  =  156.85 
139.4+  26.7  =  166. 1 
142.8+    53-25  =  195-85 
142.8  +  142.0   =  284.8 
142.8  +  284.0   =426.8 
139.4  +  142-25  =  285.65 
146.2  +  106.5    =  252.2 
153-0+    53-25  =  206.25 
159.2+    10.65  =  169.85 


At  the  anterior  rectal  wall  the  intensity  is 
146.2  -}-  53.25  =  199.45,  at  the  fundus  of 
the  urinary  bladder  142.8  -\-  53.25  = 
196.05.  It  is  seen,  therefore,  that  the  lethal 
dose  has  not  been  exceeded  at  these  organs 
except  within  the  limits  of  the  uterus.  This 
organ  will  become  destroyed. 

The  exhaustive  researches  on  radiation  in- 
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tensities  carried  on  by  the  physicists  have 
enabled  the  clinician  to  work  out  a  technique 
that  conforms  to  the  most  important  re- 
quirement of  cancer  therapy,  namely,  the 
carcinoma  must  be  traversed  by  a  homo- 
geneous radiation  intensity  that  can  cause  all 
the  cancer  elements  to  degenerate  without 
doing  irreparable  damage  to  the  vital  struc- 
tures contained  within  this  area.  The  future 
will  tell  us  whether  by  this  technique  the 
prognosis  of  the  cancer  disease  will  be  im- 
proved. The  primary  results  obtained  are 
better  than  those  from  the  sole  use  of 
radium. 

The  object  of  the  presentation  of  these 
investigations  is  to  induce  the  members  of 
the  Society  to  carry  on  researches  along  the 
same  line.  Without  the  collaboration  of  the 
physicist  it  will  be  almost  impossible.  The 
empirical  methods  of  stating  radium  dosage 
in  milligram  element  hours  and  .r-ray  dosage 
in  milliampere  minutes,  the  practice  of  cal- 
culating the  dose  from  the  laws  of  absorption 
and  distance  without  considering  secondary 
radiations,  are  obsolete  and  unscientific. 
Whether  the  biological  reaction  of  the  sec- 
ondary radiation  equals  that  of  the  primary 
.r-ray  and  gamma  ray  radiation  is  also  a  dis- 
puted question. 

In  perfecting  the  technique  of  radiation 
therapy  we  must  not  overlook  other  equally 
important  questions  that  await  classification 
and  solution,  such,  for  example,  as  further 
histological  evidence  of  the  changes  in  ra- 
diated tissues,  which  will  solve  the  much- 
debated  question  of  the  supposed  differences 
in  sensitiveness  to  radiations  of  cancers  of 
different  cell  structures;  the  reaction  of  the 
blood  and  blood-forming  organs  and  the 
metabolic  disturbances  in  radiated  patients. 
Finally  the  study  of  the  nature  of  the  tox- 
emia or  radiation  sickness  must  be  investi- 
gated to  establish  its  value  either  as  a  con- 
tributive  curative  or  as  a  detrimental  factor 
to  the  patient's  chances  of  recovery.  The 
problems  are  many.  Yet  the  evident  desire 
for  investigation  shown  by  all  the  members 
of  this  Society  will  lead  to  an  early  solution 
of  these  interesting  problems. 


X-RAY  TREATMENT  OF  HYPERTROPHY  OF  THE  PROSTATE* 

By  SAMUEL  STERN,  M.D. 

Radiotherapist  to   Mount   Sinai   Hospital,   and  Chief  of  the  Radiotherap}'  Department  of  the 

Mount   Sinai   Dispensary 

NEW    YORK    CITY 


"V^-RAY  therapy  of  h}'pertrophy  of  the 
-^^  prostate  gland  has  been  carried  out  for 
a  number  of  years.  The  reports  that  have  ap- 
peared in  medical  literature  from  time  to 
time,  so  far  as  the  results  are  concerned, 
have  not  been  very  enthusiastic.  They  all 
agreed  that  it  had  a  beneficial  influence  upon 
the  prostatic  bleeding  and  pain,  and  upon  the 
frequency  of  micturition,  but  they  thought 
that  it  had  very  little  if  any  influence  upon 
the  size  of  the  prostate  and  upon  the  amount 
of  residual  urine.  They  considered  the  treat- 
ment as  chiefly  indicated  in  the  early  cases, 
during  the  waiting  period,  and  that  all  it  may 
accomplish  is  to  make  these  patients  a  little 
more  comfortable  until  they  reach  the  stage 
where  operation  would  become  imperative. 

I  think  this  is  entirely  too  pessimistic  a 
view  of  the  situation.  At  least  I  feel  that  the 
results  accomplished  in  a  number  of  cases 
which  have  been  under  observation  for  five 
or  mofe  years  justify  the  belief  that  in  many 
instances  we  can  do  better  than  merely  ex- 
pect a  temporary  relief  from  the  more  dis- 
tressing symptoms. 

For  instance:  One  of  my  patients,  a  man 
sixty-six  years  old  at  the  time  he  was  re- 
ferred to  me.  six  years  ago,  was  advised  to 
have  an  immediate  operation.  He  had  a 
fairly  large  sized  prostate  which  gave  con- 
siderable annoyance  in  the  form  of  pain 
and  very  frequent  micturation.  Under  .r-ray 
treatment  these  symptoms  disappeared 
promptly  and  have  not  returned  up  to  date. 
He  is  now  seventy-two  years  old  and,  so  far 
as  symptoms  are  concerned  he  is  not  aware 
of  the  fact  that  he  has  a  prostate.  Exami- 
nation shows  the  prostate  to  l)e  still  enlarged, 
but  it  feels  softer  and  is  much  less  sensitive. 
In  the  case  of  a  physician  who  was  referred 
to  me  five  and  a  half  years  ago  at  the  age 
of  sixty- four  with  a  large  prostate  and  the 
accompanying     pressure     symptoms,     with 

*  Read  at  the  Midwinter  Meeting  ot    the    Eastern    Section   of 
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occasional  difticult}-  in  starting  micturition, 
the  results  have  been  equally  good.  He  as- 
sures me  that  he  has  not  the  slightest  trouble 
and  that  his  nights  are  practically  undis- 
turbed. In  another  case  referred  to  me  five 
years  ago  at  the  age  of  sixty-seven,  the 
patient  was  on  the  waiting  list  for  admission 
to  the  hospital  to  be  operated  upon.  His 
general  condition  was  rather  poor,  and  the 
surgeon  was  reluctant  to  operate,  but  thought 
it  the  only  chance  of  relief.  This  patient  had 
some  prostatic  bleeding  and  a  great  deal  of 


Fig.  I.  Lead  glass  speculum  with  opening  to  fit  over 
prostate. 

discomfort  and  pain.  These  symptoms 
yielded  promptly  and  the  patient  has  not  the 
slightest  prostatic  annoyance  to-day. 

Whether  there  is  a  real  diminution  of  the 
size  of  the  prostatic  gland  of  these  patients, 
or  whether  there  is  merely  a  subsidence  of 
the  chronic  inflammatory  condition  accom- 
panying the  hypertrophy,  is  very  difficult 
to  determine. 

In  most  cases  there  is  a  softening,  dimin- 
ished sensitiveness,  and  a  diminution  of  the 
size  of  the  prostate  palpable,  but  all  this 
may  be  readily  explained  by  the  subsidence 
of  the  inflammation.  After  all,  probably  with 
advancing  years  a  certain  amount  of  hyper- 
trophy of  the  prostate  is  physiological  and 
it  is  perhaps  the  accompanying  chronic  in- 
flammatory condition  that  is  responsible  for 
most  of  the  symptoms.  Consequently  if  we 
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can  through  .x'-ra.y  treatment  influence  this 
condition,  we  are  in  a  position  to  do  a  great 
deal  for  these  patients. 

Knowing  the  effect  of  the  rays  upon 
glandular  tissue,  it  is  difficult  to  see  why 
there  should  not  be  an  actual  diminution  of 


tion  or  prostatic  bleeding.  Cases  that  are  far 
advanced — those  that  have  already  entered 
the  catheter  life — have  not  done  well.  We 
may  improve  their  subjective  symptoms  but 
I  have  not  been  able  to  get  them  to  resume 
voluntary  micturition.  After  they  reach  the 


Fig.  2.  Inclined  tube-stand  with  lead  glass  attachment  into  which 
end  of  speculum  fits. 


the  gland  itself,  and  I  feel  quite  sure  that 
there  must  be.  We  know  with  certainty  that 
in  myoma,  which  is  practicallv  the  same  type 
of  tissue  as  that  found  in  these  adenomas, 
there  is  a  diminution,  even  to  the  extent  of 
disappearance  at  times.  At  any  rate,  I  have 
found  that  the  majority  of  cases  in  which 
.r-ray  treatment  was  begun  before  the  condi- 
tion was  too  far  advanced  have  progressed 
well  and  have  escaped  operation. 

Choice  of  Cases. — The  most  favorable 
cases  for  .r-ray  treatment  are  the  early  ones, 
those  that  come  to  the  physician  complaining 
of  occasional  pain  and  discomfort  in  the 
prostatic  region,  with  frecjuent  micturition, 
possibly  with  slowness  in  beginning  micturi- 


stage  of  regular  periodical  catheterization 
they  have  learned  to  depend  on  this  entirely, 
and  either  through  a  mental  hazard  or  on 
account  of  paralysis  of  the  bladder  muscle 
they  do  not  seem  to  be  able  to  resume  their 
normal  function  even  if  the  prostate  becomes 
softer  and  the  inflammatory  condition  is  re- 
lieved. Cases  that  are  complicated  with 
cystitis  are  not  improved  until  that  condi- 
tion is  treated  in  the  usual  way. 

Tcclinique. — This  is  very  important.  The 
results  depend  entirely  upon  the  proper  ap- 
plication of  the  rays.  The  method  I  have 
used  in  treating  my  cases  is  as  follows: 

As  port  of  entry,  I  use  the  rectum,  with 
direct  application  upon  the  prostate  and  the 
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perineum.  The  patients  are  put  in  the  knee- 
chest  position.  A  bHnd  pouched  lead  glass 
tube  (Fig.  i),  with  an  opening  to  fit  over 
the  prostate,  is  inserted  into  the  rectum. 
The  tube  is  covered  with  a  thin  rubber  finger 
cot  to  prevent  the  edges  from  injuring  the 
mucous  membrane. 

The  tube-stand,  with  the  proper  filters  in 
position  and  a  small  lead  glass  tube  attached 
(Fig.  2)  is  now  approximated  to  the  lead 
glass  speculum  so  as  to  make  a  continuous 
channel  (Fig.  3). 

The  stand  is  tilted  so  that  the  rays  W'ill 
strike  the  prostate  at  a  direct  angle.  Care  is 


Fig.  3.  Inclined  tube-stand  with  lead  glass  speculum 
approximated. 

taken  that  as  the  speculum  is  inserted  at  each 
treatment  the  oval  opening  is  applied  over  a 
different  lobe  of  the  prostate. 

In  treating  through  the  perineum,  the 
small  lead  glass  tube  on  the  stand  is  put  in 
direct  contact  with  the  perineum. 

Dosage. — These  patients  are  treated  in 
series.  Four  weekly  applications  to  the  pros- 
tate and  perineum  are  considered  as  one 
series.  This  is  followed  by  an  interval  of  one 
month,  when  the  second  series  is  given. 

If  there  is  a  marked  improvement  at  the 
end  of  the  second  series,  the  interval  of  rest 
is  prolonged  to  two  months  before  the  third 
series  is  given.  If  not,  it  is  given  at  the  end 
of  one  month. 

After  three  series  have  been  given  the 
interval  of  rest  between  applications  should 
be  at  least  two  months.  The  number  of  series 
wdll  depend  upon  the  results  accomplished. 
As  a  rule,  there  should  be  a  decided  improve- 


ment at  the  end  of  three  series.  If  there  is 
no  change  in  the  patient's  condition  at  the 
end  of  this  time,  it  is  probably  useless  to 
continue  with  further  treatments. 

After  the  symptoms  have  subsided  and  the 
patients  have  been  made  thoroughly  com- 
fortable, the  treatments  are  discontinued,  but 
as  a  prophylactic  measure  I  have  found  a 
great  deal  of  benefit  in  giving  these  patients 
one  series  of  treatments  at  intervals  of  six 
months  over  an  indefinite  period.  This  is 
undoubtedly  w^orth  while,  and  if  your  pa- 
tients belong  to  the  intelligent  classes  they 
will  gladly  submit  to  it.  They  have  such  a 
wholesome  fear  of  the  recurrence  of  their 
discomfort  and  of  the  possibility  of  an  oper- 
ation becoming  necessary,  that  they  \\'\\\ 
rather  look  forward  to  the  treatments. 

The  amounts  of  ray  given  in  my  cases 
were  as  follows: 

Spark 
Time  Distance  gap     Ma.  Filter 

5  m.     Perineum,  75/^  in.     gin.     5-6     4mm.  Aluminum 
Prostate,    9^  in. 

The  difference  in  the  distance  used  be- 
tween the  perineal  and  prostate  applications 
is  due  to  the  difference  in  the  length  of  the 
lead  glass  speculum  used. 

This  dosage,  applied  in  a  series  as  above 
described,  should  not  produce  an  erythema 
at  any  time  during  the  course  of  the  treat- 
ments— at  least  it  has  not  done  so  in  any  of 
the  cases  I  have  treated. 

SUMMARY 

1.  A"-ray  treatment  of  hypertrophy  of  the 
prostate  is  of  decided  value,  and  should  be 
given  a  trial  in  all  the  early  cases. 

2.  Many  of  the  cases  so  treated  will  not 
only  be  temporarily  benefited  but  may  es- 
cape operation  altogether. 

3.  Cases  far  advanced,  those  that  have 
reached  catheter  life,  will  be  only  tempo- 
rarily and  subjectively  benefited  by  the 
treatment. 

4.  Prophylactic  .I'-ray  treatments,  to  safe- 
guard against  recurrence  of  symptoms  in 
improved  cases,  are  undoubtedly  of  value 
and  should  be  carried  out  in  everv  case. 
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By  CHARLES  L.  MARTIN,  E.E.,  M.D. 


DALLAS,   TEXAS 


'  I  ""HE  literature  of  the  past  twenty  years 
-■■  has  contained  many  excellent  contribu- 
tions covering  both  the  normal  and  the  ab- 
normal roentgen  ray  appearances  of  the 
heart.  Dr.  Williams^  of  Boston  published  an 
article  on  this  subject  in  1899,  and  much  was 
written  in  German  during  the  early  years  ot 
the  twentieth  century.  However,  the  Ameri- 
can literature  has  been  devoted  more  to  the 
discussion  of  techni(iue  and  to  the  study  of 
the  normal  heart,  and  it  is  for  this  reason 
that  the  author  is  presenting  a  series  of  trac- 
ings from  teleroentgenograms  of  the  chests 
of  patients  suffering  from  actual  cardiac  con- 
ditions. This  brief  article  can  in  no  way 
compare  with  the  excellent  works  of  such 
eminent  men  as  Groedel"  and  \  aquez  and 
Bordet%  but  it  will  perhaps  emphasize  the 
practical  value  of  the  roentgenogram  in  the 
field  of  cardiology. 

TECHNIQUE 

Arguments  for  and  against  the  various 
techniques  tend  to  carry  one  far  afield,  and 
it  has  been  thought  best  merely  to  describe 
the  methods  used  in  studying  the  cases  which 
are  to  be  presented.  These  methods  are  fairly 
simple  and  can  be  executed  in  a  reasonbly 
short  time.  They  constitute  the  routine 
cardiac  examination  which  has  been  used  by 
the  Roentgen  Ray  Department  of  the  Mass- 
achusetts General  Hospital  for  many  years 
and  which  is  fully  described  by  Holmes  and 
Ruggles*. 

The  patient  first  stands  facing  the  obser- 
ver, with  his  chest  against  a  fluoroscopic 
screen  of  sufficient  size  to  make  possible  the 
visualization  of  all  of  both  lung  fields.  Tra- 
cings are  made  of  the  cardiac  outlines  and 
the  upper  and  lower  limits  of  excursion 
of  the  diaphragm  during  normal  respiration, 
care  being  taken  to  indicate  the  point  of 
junction  of  the  left  auricle  with  the  left 
ventricle.  The  patient  is  then  asked  to  hold 


his  breath  in  both  forced  inspiration  and 
forced  expiration,  while  tracings  are  made 
of  the  positions  of  the  domes  of  the  dia- 
phragm and  of  the  left  border  of  the  heart. 
The  patient's  left  hand  is  next  placed  upon 
the  top  of  his  head  and  he  is  turned  to  his 
left  until  the  shadow  of  the  great  vessels 
assumes  its  narrowest  transverse  diameter. 
At  this  point  a  tracing  of  the  outline  of  the 
great  vessels  is  made  and  the  lower  posterior 
mediastinal  space  is  carefully  studied  in  full 
inspiration  to  determine  whether  or  not  it 
is  obliterated  by  the  shadows  of  enlarged 
auricles  or  a  pericardial  effusion.  Abnormal- 
ities in  pulsation  are  noted  on  a  sheet  pro- 
vided for  the  purpose.  The  examination  is 
completed  by  taking  a  teleroentgenogram 
with  the  anterior  portion  of  the  patient's 
chest  held  squarely  against  a  cassette.  The 
target  of  the  tube  is  placed  at  a  distance  of 
seven  feet  from  the  cassette  and  centered  on 
a  level  with  an  imaginary  line  drawn  through 
the  scapulae  some  2  inches  above  the  lower 
tips  of  the  angles. 

After  the  roentgenogram  is  developed, 
it  is  marked  off  with  a  soft  lead  pencil  as 
shown  in  Figure  i,  which  represents  the 
anatomical  divisions  of  the  cardiac  shadow. 
If  the  shadows  of  the  inner  ends  of  clav- 
icles exactly  span  the  shadows  of  the  bodies 
of  the  upper  thoracic  vertebrae,  the  plate 
has  been  correctly  made  and  is  suitable  for 
mensuration.  Otherwise  it  should  be  dis- 
carded, because  a  slight  amount  of  rotation 
causes  a  considerable  error  in  the  measure- 
ments. The  center  line  is  drawn  through  the 
center  of  the  shadows  of  the  spinus  processes 
of  the  vertebrae.  "MR"  and  "ML"  represent 
the  distances  to  the  right  border  and  to  the 
left  border  ordinarily  percussed  out  by  the 
internist.  The  line  "L"  is  drawn  from  the 
point  of  junction  of  the  right  auricle  with 
the  right  border  of  the  ascending  aorta  to 
the  apex.  Quite  often  the  apex  cannot  be 
made  out  in  the  roentgenogram.  This  is  par- 
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ticularly  true  where  the  diaphragm  is  high, 
as  in  obesity.  In  such  cases  it  is  necessary  to 
continue  the  curve  of  the  left  ventricle  down- 
w^ard  and  to  the  approximate  position  of  the 
apex.  '!X"  is  drawn  perpendicular  to  the  line 
"L"  from  the  point  of  junction  of  the  right 
auricle  and  right  diaphragm.  This  point  is 


shadow  of  the  pulmonary  artery  or  left  aur- 
icular appendage  and  in  such  cases  the  di- 
mension "Gt.  Vs."  represents  the  width  of 
the  great  vessels.  It  must  be  remembered 
that  the  right  border  of  the  shadow  of  the 
great  vessels  is  in  reality  the  right  border 
of  the  ascending  aorta,   since  the  superior 


Sc//B.  Vena  Coi-o 
^/ff/?r  /for/c/e 


Deicenc/'hg  fiorra 

■Pulmonary  /frtery 
Left    /iur/ch 


Lefr  Venfr/c/e 


vP^/    i^n/ric/e 


often  not  sharply  defined,  but  a  slight  error 
in  locating  it  will  make  very  little  difference 
in  the  length  of  "X".  "Y"  is  drawn  perpen- 
dicular to  the  line  "L"  from  a  point  on  the 
border  of  the  left  auricle  appendage.  The 
limits  of  this  appendage  cannot  be  made  out 
on  the  average  roentgenogram  of  the  normal 
heart,  but  the  length  of  "Y"  will  not  vary 
appreciably  if  the  point  be  selected  anywhere 
along  the  approximated  border  of  this  struc- 
ture. It  is  evident  that  "X"  plus  "Y"  or  "B" 
is  the  dimension  which  is  increased  with  en- 
largement of  the  auricles,  while  "L"  is  more 
likely  to  be  increased  with  ventricular  en- 
largement. The  dimension  marked  "Gt.  Vs." 
extends  from  the  right  border  of  the  ascend- 
ing aorta  to  the  left  border  of  the  descend- 
ing aorta,  and  represents  the  width  of  the 
aortic  arch.  In  some  cases  the  left  border  of 
the  descending  aorta  is  obliterated  by  the 


vena  cava  casts  little  or  no  shadow.  In  addi- 
tion to  these  measurements,  it  is  wise  to  lay 
off  the  internal  transverse  diameter  of  the 
chest. 

VALUE   OF   THE   EXAMINATION 

From  the  examination  as  outlined  above, 
it  is  possible  to  determine  the  size  and  shape 
of  the  heart  and  also  to  determine  whether 
it  moves  with  respiration.  The  study  of 
pulsations  is  often  disappointing  because  the 
excursion  of  the  cardiac  borders  is  so  slight 
that  variations  are  made  out  with  difficulty. 
According  to  Groedel,  the  excursion  of  the 
left  border  of  the  left  ventricle  with  each 
heart-beat  rarely  exceeds  two  millimeters. 

The  size  and  shape  of  the  structure  are 
the  most  important  factors  and  they  can  both 
be   determined    from  the    seven-foot   plate. 
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although  the  fluoroscope  brings  out  varia- 
tions in  shape  much  better  because  of  distor- 
tion. Many  good  cardiologists  now  admit 
that  percussion  of  cardiac  outlines  is  often 
not  a  reliable  procedure.  Danzer*^  has  recent- 
ly called  attention  to  the  fact  that  Thomas 
Lewis  is  now  using  the  apex  beat  in  approxi- 
mating the  size  of  the  heart.  The  same 
author  points  out  the  possible  sources  of 
error  in  such  a  method  and  insists  on  the  use 
of  the  roentgen  ray.  Dr.  George  C.  Shattuck^ 
demonstrated  the  inaccuracy  of  percussion 
in  cardiac  work  at  the  Massachusetts  Gen- 
eral Hospital  in  191 6,  and  published  an  ex- 
cellent article  on  the  subject  at  that  time. 
It  is  now  rather  generally  conceded  that  the 
dimensions  obtained  from  the  roentgeno- 
gram are  accurate,  but  the  chief  difficulty 
arises  in  determining  whether  the  individual 
heart  in  question  is  too  large  for  the  patient 
possessing  it.  Many  tables  of  normals  have 
been  constructed,  but  they  seem  to  show 
rather  wide  variations  for  each  class  of  indi- 
viduals listed.  In  a  word,  when  depending 
upon  tables,  it  is  often  necessary  to  say  that 
the  dimensions  of  a  certain  heart  are  at  the 
upper  border  of  normal  or,  perhaps,  a  little 
greater  than  normal,  while  the  patient  seems 
perfectly  well  and  the  roentgenologist  hesi- 
tates to  state  definitely  that  there  is  real 
cardiac  enlargement  present.  After  applying 
it  to  a  fairly  large  series  of  cases,  the  author 
has  arrived  at  the  conclusion  that  the  cardio- 
thoracic  ratio,  as  recently  advocated  by 
Danzer,  gives  as  much  information  concern- 
ing the  size  of  the  heart  as  do  the  various 
tables.  Cohn,"  after  examining  a  series  of 
soldiers,  is  in  full  accord  with  this  statement. 
When  using  this  method,  the  structure  is  said 
to  be  definitely  enlarged  when  the  total  trans- 
verse diameter,  that  is,  "MR"  plus  "ML."  ex- 
ceeds one  half  of  the  internal  diameter  of  the 
chest.  This  ratio  is  expressed  as  the  quotient 
obtained  by  dividing  the  transverse  diameter 
of  the  heart  by  the  internal  diameter  of  the 
chest  and  can  be  determined  very  rapidly 
without  the  aid  of  tables.  If  only  the  trans- 
verse diameter  is  needed  for  this  determina- 
tion, it  may  seem  unnecessary  to  go  further 
with  mensuration,  but  a  study  of  the  follow- 


ing cases  will  show  that  the  relative  values 
of  the  measurements  "B",  "L"  and  "Gt.  Vs." 
give  information  of  value  in  certain  cardiac 
disorders.  In  order  to  present  this  work  in  an 
orderly  fashion,  the  diseases  of  the  heart 
will  be  considered  under  the  headings  of  the 
hypoplastic  heart,  pericarditis,  myocarditis, 
valvular  disease,  cardio-renal  disease,  and 
diseases  involving  the  great  vessels.  This 
classification  does  not  include  the  arythmias 
or  congenital  diseases  of  the  heart,  because 
only  a  very  few  such  cases  were  studied.  All 
of  the  congenital  cases  seen  showed  cardiac 
enlargement.  All  of  the  drawings,  with  a  few 
exceptions,  were  made  by  tracing  the  outline 
of  the  heart,  great  vessels,  diaphragm  and 
lung  fields  from  the  finished  teleroentgeno- 
grams of  actual  cases.  All  the  diagnoses, 
histories  and  physical  examinations  except 
one  were  taken  from  the  records  of  the 
Massachusetts  General  Hospital. 

THE    HYPOPLASTIC    HEART 

The  determination  of  the  presence  of  a 
hypoplastic  or  small  heart  sometimes  frees 
a  patient  from  a  restricted  cardiac  life  im- 
posed upon  him  by  some  well-meaning  phy- 
sician. Figure  2  represents  such  a  case.  The 
patient  had  been  turned  down  for  the  draft 
because  of  a  definite  systolic  murmur  heard 
over  the  precordium.  The  well-informed 
clinician  now  pays  little  attention  to  a  sys- 
tolic murmur  unless  it  be  accompanied  by 
cardiac  enlargement,  and  when  the  heart  is 
unusually  small,  as  in  this  case,  the  patient 
may  be  told  with  a  fair  degree  of  assurance 
that  he  has  no  chronic  organic  heart  disease. 
It  is  true  that  persons  who  have  such  small 
hearts  often  exhibit  the  so-called  effort  syn- 
drome which  is  so  clearly  described  by 
Thomas  Lewis  in  his  little  book  bearing  that 
title.  Bertnard  Smith^  has  recently  made  a 
careful  study  of  this  subject  and  finds  that 
the  patients  that  have  symptoms  for  a  long 
time  have  hearts  that  are  smaller  than  nor- 
mal, and  that  in  the  teleroentgenograms  of 
such  hearts,  the  angle  between  the  lines  "L" 
and  "MR"  is  greater  than  the  average  nor- 
mal.  He  also  states  that  the  long,  narrow 
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Fig.  2.  Hypoplastic  Heart.  O.  P.  D.  391673.  P.  H. 
Diphtheria,  mumps  and  measles  as  a  child.  Has 
never  used  alcohol.  Tobacco  used  in  moderation. 
Denies  venereal  disease.  No  other  important  ill- 
nesses. 

P.  I.  Has  never  had  any  cardiac  symptoms  but 
was  rejected  for  the  draft  because  the  examining 
physician   found   some  murmurs. 

P.  E.  Weight  129!/^  pounds.  Age  thirty.  Apex 
beat  not  visible.  Impulse  forceful  and  rate  .rapid 
as  a  result  of  the  excitement  resulting  from  ex- 
amination. No  supracardiac  dullness.  Systolic  mur- 
mur heard  at  apex,  at  second  right  interspace  and 
in  the  pulmonic  area.  Murmur  loudest  in  the  aortic 
area.  A2  sharp  and  clear ;  P2  not  accentuated.  Sec- 
ond sound  at  apex  clear  and  pure.  Pulses  equal 
and  regular  and  of  good  volume  and  tension.  Blood 
pressure  130/80. 

"drop  heart"  is  not  predominant  type,  but 
that  the  structure  may  assume  a  great  variety 
of  shapes.  It  is  well  to  keep  in  mind  the  fact 
that  the  small  heart  is  thought  to  be  of  defi- 
nite significance  only  in  the  patients  that  have 
symptoms,  for  a  great  many  people  possess- 
ing such  small  organs  do  not  seem  to  suffer 
any  great  inconvenience  therefrom.  The 
effort  syndrome  is  doubtless  the  resultant 
of  numerous  factors  in  a  poorly  developed 
body,  the  small  heart  constituting  but  one 
of  the  many. 

PERICARDITIS 

The  diagnosis  of  pericarditis  with  or  with- 
out effusion  has  long  been  one  of  the  most 
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Fig.  3.  Pericarditis  with  Effusion.  Case  No.  24392. 
May  3,  1916  (morning).  P.  I.  Had  an  attack  three 
months  ago  characterized  by  pain  in  right  side, 
productive  cough,  chills,  fever,  cold  sweats,  and 
palpitation  brought  on  by  slight  exertion.  Says  she 
had  fluid  in  chest  but  was  not  tapped.  Dyspnea  has 
been  constant  and  increasing  in  severity  since  this 
attack.  At  times  everything  "looks  black."  Fainted 
four  days  ago.  Unable  to  rest  on  left  side.  Cannot 
sleep.  Too  sick  to  answer  questions  fully. 

P.  E.  Apex  impulse  diffuse  and  not  forceful. 
Question  of  shifting  with  change  of  position. 
Sounds  regular,  rapid,  and  somewhat  muffled.  P2 
greater  than  A2  and  accenttiated.  "To  and  fro" 
friction  rub  in  aortic  area  and  well  heard  to  right 
of  apex.  No  murmurs  made  out.  Both  sounds 
heard  distinctly  at  apex.  A  few  moist  rales  and  in- 
creased whispered  voice  below  right  scapula  behind. 

Operation :  A  needle  was  plit  into  the  pericardial 
sac  in  the  5th  interspace  3  cm.  to  the  left  of  the 
nipple  line  and  directed  upward  and  inward.  After 
penetrating  about  Ij4  inches  through  the  chest 
well,  90  c.c.  of  thick,  sticky,  yellow  fluid  were  re- 
moved. The  pulse  became  fuller  and  slower  and 
varied  from  120-130.  The  dyspnea  and  cough  sub- 
sided and  the  patient  was  much  more  comfortable. 


difficult  problems  confronting  the  clinician 
and  roentgenologist  alike.  Dr.  George  W. 
Holmes^  has  recently  published  an  excellent 
account  of  the  findings  in  the  former  condi- 
tion, and  through  his  kindness  tracings  from 
one  of  his  cases  (Figs.  3  and  4)  are  pre- 
sented. According  to  his  observations  there 
is  in  pericardial  effusion  a  change  in  the 
shape  of  the  heart  shadow  with  change  in 
position,  an  obliteration  of  the  normal  curves 


Roentgen  Ray  Cardiac  Studies 


299 


F,g.4 


Fig.  4.  Pericarditis  with  Effusion.  26  days  after  tap- 
ping. Question  of  adhesive  pericarditis.  Same  case 
as  Figure  3.  Friction  rub  still  present.  Lung  signs 
clearing  up.  Cardiac  dullness  much  decreased  in 
size.  Some  anemia.  Patient  still  in  bed.  Pulse 
rises  when  she  gets  up.  Movement  of  left 
border  of  heart  seems  limited  during  respiration. 
Pericardium  is  probably  becoming  adherent. 

of  the  cardiac  outline  and  very  faint  or 
absent  visible  pulsation.  Fig.  3  represents 
fluoroscopic  tracings  made  with  the  patient 
supine  and  standing.  This  case  was  a  long- 
standing one  of  tuberculous  origin  and  ap- 
parently the  pericardium  had  stretched  suf- 
ficiently to  show  considerable  change  of 
shape  with  change  of  position  and  had  pro- 
duced the  so-called  water-bottle  appearance. 
There  is  some  question  as  to  whether  an 
acute  effusion  of  sufficient  size  to  cause  ten- 
sion in  the  pericardial  sac  would  show  this 
change  of  shape  with  change  of  position. 
The  greatest  difficulty  in  diagnosis  arises  as 
a  result  of  the  similarity  between  a  peri- 
cardial effusion  and  an  acutely  dilated  heart. 
They  both  show  a  similar  shape,  faint  or 
absent  visible  pulsation,  and  an  obliteration 
of  the  posterior  mediastinal  space.  The 
change  of  shape  with  change  of  position 
does  not  occur  in  the  case  of  the  dilated 
heart,  and  where  this  change  is  actually  ob- 
served a  diagnosis  of  effusion  may  be  made 
with  a  fair  degree  of  certainty.  Figure  4 
represents  a  fluoroscopic  tracing  of  the 
cardiac  outlines  after  the  disappearance  of 
the  effusion  shown  in  Figure  3.  The  outlines 
of   an   acutely  dilated  heart  are   shown  in 


Fig.  5.  Acute  Dilatation  of  the  Heart.  Case  No. 
235074.  Feb.  10,  1920.  P.  H.  Pneumonia  as  a  child. 
No  scarlet  fever,  tonsillitis,  rheumatic  fever,  or 
chorea. 

P.  I.  Seven  weeks  ago  she  caught  a  cold  and 
suffered  from  pain  in  the  chest.  After  three  days 
she  had  a  cough,  chilly  sensations,  a  pain  in  the 
side  and  felt  feverish.  Was  in  bed  with  pneumo- 
nia for  a  month.  Got  up  three  weeks  ago  and  has 
felt  pain   in   right   side  with  a   cough  ever   since. 

P.  E.  Patient  is  a  white  girl  of  thirteen' weigh- 
ing go  pounds.  She  has  lost  seventeen  pounds  in 
eight  weeks.  There  are  signs  of  a  small  amount  of 
fluid  at  the  right  base.  Heart  sounds  regular,  rapid 
and  of  good  quality.  P2  greater  than  A2  and  SI. 
accentuated.  There  is  a  blowing  systolic  murmur 
partly  replacing  the  first  sound  which  is  snapping 
at  the  apex.  Apex  shifts  in  left  lateral  position. 
No  thrill.  Liver  dullness  extends  5  cm.  below  the 
costal  margin. 

Feb.  15,  1920.  Loud  friction  rub  is  heard  all 
over  the  precordia.  Loudest  just  to  the  right  of  the 
sternum  in  third  interspace. 

Feb.  24,  1920.  Friction  rub  much  diminished. 

Feb.  28,  1920.  Friction  rub  no  longer  heard. 

Figure  5.  The  solid  line  represents  the  shape 
which  the  structure  assumed  following  an 
attack  of  pneumonia.  The  dotted  line  repre- 
sents the  appearance  three  days  later,  when 
the  dilatation  had  subsided.  These  drawings 
were  traced  from  ordinary  chest  plates  made 
with  the  same  target  plate  distance.  A  large 
effusion  would  not  disappear  in  three  days, 
and  it  is  because  of  this  fact  that  the  diag- 
nosis was  made.  It  is  interesting  to  note 
that  a  friction  rub  was  heard.  This  is,  how- 
ever, not  an  unusual  finding  in  acute  dilata- 
tion of  the  heart,  although  it  is  often  inter- 
preted as  a  sign  of  pericarditis. 

Adhesive   pericarditis   is   no   more   easily 
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Fig.  6.  Double  Mitral  Disease  with  Probable  Aortic 
Involvement,  Question  of  Adhesive  Pericarditis. 
Case  No.  231847. 

P.  H.  Diphtheria  as  a  child.  Rheumatic  fever  thir- 
teen times  since  the  age  of  eight.  Many  bad  sore 
throats.  Chorea  at  age  of  eight.  An  attack  of 
dyspnea  lasting  six  weeks  occurred  six  years  ago. 

P.  I.  Influenza  nine  months  ago.  Attack  of 
rheumatic  fever  with  severe  precordial  pain  and 
pain  in  the  lower  abdomen  of  a  sharp,  cramp-like 
nature  si,x  months  ago.  Constant  sharp  pain  in 
lower  back  and  right  hip  began  four  months  ago. 
Now  has  a  fever,  night  sweats,  and  some  pre- 
cordial pain  together  with  sharp  pain  in  the  lower 
abdomen. 

P.  E.  White  man.  Age  thirty-one.  Weight  120 
pounds.  Purpuric  rash  on  ankles.  Heavy  apex  im- 
pulse in  the  fifth  space.  Sounds  regular  and  of  fair 
quality.  Not  rapid.  P2  gretaer  than  A2.  Blowing  "to 
and  fro"  murmur  over  the  precordia  heard  best  in 
the  third  left  interspace  and  transmitted  fo  the 
axilla,  neck  and  back.  First  sound  slightly  rough- 
ened at  apex.  Second  sound  replaced  by  murmur. 
Pulses  corrigan  in  type.  Question  of  thrill  at  the 
apex.  Blood-pressure  120/40.  Brachials  negati\e. 
Liver  edge  2  cm.  below  costal  margin. 

Laboratory  Findings.  R.  B.  C.  3,000,000.  Hbg. 
80%.  W^assermann  positive.  Blood  cultures  show 
hemolytic  streptococcus  at  four  examinations. 

Fluoroscopic  Report.  Practically  no  respiratory 
excursion  of  the  left  l)order  of  the  heart. 


diagnosed  than  is  the  type  accompanied  by 
effusion.  The  frequency  with  which  the  diag- 
nosis is  missed  is  emphasized  by  Lyter^°, 
who  describes  the  findings  in  thirty  autop- 
sied  cases.  He  calls  attention  to  the  fact  that 
the  left  border  of  the  heart  should  normally 
move    three    cm.    during    deep    respiration 


Fig.  7.  Arteriosclerosis.  O.  P.  D.  392975.  P.  I.  Com- 
plains of  diplopia  which  began  about  eight  months 
ago.  Growing  steadily  worse.  Also  has  supra-orbital 
headaches  and  "muscular  rheumatism."  Troubled 
with  nocturia,  pohuria  and  eneuresis. 

P.  E.  White  man.  Age  seventy-two.  W^eight  noc 
obtained.  Left  eye  turned  in.  Pupils  irregular  and 
very  small.  Fixed  to  light  but  react  to  distance. 
Palate  reflexes  absent.  Heart  sounds  regular  and 
of  fair  quality.  Systolic  murmur  at  the  apex  and 
slight  systolic  whifl^  at  the  aortic  area.  As  greater 
than  P2  and  accentuated.  Blood-pressure  174/112. 
Left  knee  swollen  and  somewhat  tender.  Slight 
numbness  of  both  legs.  Marked  RomI)erg.  Knee 
jerks  absent.  Falls  when  walking  around  the  house. 
A'-ray  of  left  knee  shows  a  narrowed  joint  space 
and  thickened  soft  parts.  The  appearance  is  that  of 
a  chronic  synovitis.  Clinical  diagnosis  of  tabes 
was  made. 

and  should  shift  three  cm.  when  the  patient 
turns  from  the  right  lateral  to  the  left  lat- 
eral position.  The  fluoroscopic  method  of 
noting  the  respiratory  excursion  has  already 
been  described.  Seven-foot  plates  made  with 
the  patient  lying  first  on  one  side,  and  then 
on  the  other  will  demonstrate  the  lateral 
shift  so  that  it  can  be  measured.  When  ad- 
hesions occur  between  the  pericardium  and 
the  pleura,  these  two  shifts  are  likely  to  be 
diminished  or  completely  done  away  with. 
Unfortunately  adhesions  do  not  form  out- 
side of  the  pericardium  in  all  cases  of  peri- 
carditis. When  a  dense  mass  of  fibrous  ma- 
terial forms  between  the  heart  and  pericard- 
ium, the  left  border  often  becomes  a  straight 
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Fig.  8.  Senile  Heart.  O.  P.  D.  325755.  P.  H.  Negative 
except  for  pain  in  the  back  beginning  one  and  a 
half  years  ago.  Never  any  nocturia.  Cta.  ceased 
fourteen  years  ago. 

P.  I.  Now  complains  of  constant  dizziness  and 
hot  flashes.  Occasional  attacks  of  palpitation.  Con- 
siderable pain  at  times  over  the  eyes  and  in  the 
back.  Intermittent  edema  of  the  ankles. 

P.  E.  Patient  is  a  white  woman  of  sixty  who 
weighs  190  pounds.  Pulse  regular.  Rate  80.  A2  ac- 
centuated.   No   murmurs.    Blood-pressure   220/104. 

Laboratory  Tests.  Wassermann  negative.  Urine 
negative. 

line  and  the  cardiac  shadow  assumes  the  tri- 
angular shape  which  has  been  described  as 
a  sign  of  adhesive  pericarditis.  No  pulsations 
or  chamber  curves  are  made  out.  because 
figuratively  speaking  the  heart  is  held  in  a 
vice  of  fibrous  tissue.  Figure  6  represents 
such  a  case  in  which  an  endocarditis  has 
gone  on  to  a  pancarditis  with  extensive  in- 
volvement of  the  pericardium.  Needless  to 
say,  all  of  the  cases  diagnosed  clinically  as 
pericarditis  do  not  show  definite  roentgen 
ray  signs,  but  these  signs  when  they  do  occur 
are  perhaps  as  definite  as  any  elicited  in  this 
malady. 

MYOCARDITIS 

Myocarditis,  that  is,  a  disease  of  the  heart 
muscle,  may  result  from  a  great  variety  of 
causes,  but  usually  produces  definite  cardiac 
enlargement  in  time.  This  enlargement  is 
often  limited  to  the  ventricles  and  so  pro- 
duces an  increase  in  the  long  diameter  with 
some  prominence  of  the  curve  of  the  left 


Fig.  9.  Hyperthyroidism.  W.  M.  11454.  Nov.  2,  1916^ 
P.  H.  Scarlet  fever  at  three.  Diphtheria  at  six. 
Attacks   of   tonsillitis   almost   every  year. 

P.  I.  Slight  swelling  of  the  neck  noticed  eleven 
years  ago.  Tumor  reached  present  size  in  four- 
months  at  end  of  which  time  patient  noticed  that; 
her  hands  trembled.  Exopthalmos  appeared  twO' 
years  later.  Began  to  notice  rapid,  powerful  heart 
action,  dyspnea  on  exertion  and  excessive  mois- 
ture of  palms  about  one  year  ago. 

P.  E.  White  woman  of  thirty-six  weighing  139' 
pounds.  Appears  to  have  lost  weight.  Marked  ex- 
opthalmos and  loss  of  power  of  convergence. 
Thyroid  very  prominent.  Right  side  more  so  than- 
left.  Definite  pulsation.  Loud  bruit  heard  over 
gland.  Heart  enlarged.  P2  accentuated,  louder  thart 
A2  and  doubled.  Loud  blowing  systolic  murmur  at 
apex  transmitted  to  the  axilla  and  upwards.  No 
edema.  Coarse  and  fine  tremor  of  the  hands. 
Blood-pressure   150/84. 

Nov.  23,  igi6.  Right  hemithyroidectomy  was- 
done. 

Metabolism  Reports. 

Nov.     3,  1916 -j-17 

Nov.     7,  1916 -j-57 

Nov.  14,  1916 -i-41 

Dec.  16,  1916       -|-39 

ventricle.  The  curves  representing  the  left 
auricular  appendage  and  pulmonary  artery 
are  not,  as  a  rule,  distinguishable.  Cases 
illustrating  two  fairly  common  classes  of 
chronic  myocarditis  are  cited.  Figures  7  and 
8  are  taken  from  seven- foot  plates  of  pa- 
tients possessing  senile  hearts.  Perhaps 
"cardiosclerosis"  is  a  better  term  than  "senile 
hearts",  for  these  patients  are  usually  rather 
aged  and  show  definite  arteriosclerosis.  They 
may  or  may  not  have  a  hypertension.  Def- 
inite symptoms  are  present  and  some  clini- 
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cians  state  that  the  victim  has  a  "dying  myo- 
cardium" as  a  result  of  a  poor  blood  supply 
to  the  cardiac  muscle.  The  aortic  arch  is 
usually  tortuous  and  wider  than  normal,  and 
the  pulsations  of  the  ventricles  often  appear 
to  be  feeble.  Hearts  of  this  type  are  likely 
after  a  time,  to  become  very  long  and  nar- 
row, and  resemble  a  beef  tongue  in  appear- 
ance, the  apex  corresponding  to  the  tip  of 
the  tongue.  No  evidence  of  the  left  auricular 
appendage  can  be  made  out  and  the  whole 
organ  appears  to  assume  a  horizontal  posi- 
tion in  the  chest.  No  roentgenologist  is  just- 
ified in  diagnosing  this  condition  from  the 
roentgen  ray  findings  alone,  but  when  such 
an  appearance  is  encountered  in  a  person 
past  middle  age,  who  shows  arteriosclerosis 
and  is  complaining  of  vertigo,  dyspnea,  pal- 
pitation, and  perhaps  angina,  the  diagnosis 
cannot  be  far  wrong.  It  is  a  rather  interest- 
ing fact  that  the  patient  whose  heart  is 
shown  in  Figure  7  was  said  to  have  tabes. 
A  number  of  tabetics  were  examined  and 
almost  without  exception  they  showed  hearts 
of  this  type.  They  were  examined  with  the 
hope  that  they  would  show  definite  signs  of 
syphilitic  aortitis.  It  has  often  been  stated 
that  syphilis  is  an  etiological  factor  in 
arteriosclerosis  and  these  findings  would 
seem  to  substantiate  this  statement  because 
some  of  the  patients  examined  had  not 
reached  the  age  of  forty. 

Chronic  hyperthyroidism  is  usually  ac- 
companied by  a  myocarditis  which  produces 
definite  cardiac  enlargement.  Such  a  case  is 
illustrated  in  Figure  9.  Cardiac  enlargement 
was  found  by  the  author  only  in  patients 
who  had  had  symptoms  of  hyperthyroidism 
for  a  number  of  years.  The  prominent  curve 
of  the  left  ventricle  and  the  increased  length 
are  well  shown  in  the  case  cited.  Many  cases 
show  the  prominence  in  the  region  of  the 
pulmonary  artery  as  shown  here.  This  mav 
possibly  represent  the  border  of  an  enlarged 
thymus  gland.  Such  an  enlarged  gland  was 
demonstrated  in  one  such  case  at  autopsy. 
When  the  heart  has  once  become  affected  in 
these  cases,  it  is  in  no  way  benefited  by  a 
reduction  of  the  thyroid  secretion  except  in 


so  far  as  a  reduction  of  the  pulse  rate  may 
serve  to  reduce  the  load  carried,  and  patients 
may  continue  to  have  dyspnea  on  exertion 
and  some  tachycardia  after  the  basal  meta- 
boHsm  is  reduced  to  normal,  as  a  result  of  a 
myocarditis.  The  roentgenologist  is  fairly 
safe  in  making  this  diagnosis  in  old  cases  of 
hyperthyroidism  that  show  definite  ventric- 
ular enlargement. 

VALVULAR    DISEASES 

A  case  of  acute  endocarditis  is  rarely 
sent  to  the  roentgen  ray  laboratory  because 
absolute  rest  in  bed  is  one  of  the  essentials 
of  treatment  and  the  heart  is  not  so  likely 
to  show  a  characteristic  shape  during  the 
febrile  stage  of  the  disease.  However,  when 
the  infection  subsides  and  the  valve  cusps 
are  retracted  or  stenosed  as  a  result  of  the 
formation  of  scar  tissue,  the  valves  begin 
to  leak.  This  increases  the  cardiac  load  and 
the  various  chambers  become  dilated  or 
hypertrophy  in  an  effort  to  take  care  of  the 
added  work.  It  is  at  this  stage  that  the 
roentgen  ray  examination  should  be  at- 
tempted. 

Generally  speaking,  the  valves  of  the  heart 
are  open  to  two  lines  of  attack.  Syphilis 
beginning  in  the  aorta  is  likely  to  move 
downward  and  involve  the  aortic  valve,  but 
extends  no  further  along  the  endocardium. 
Rheumatic  infections,  on  the  other  hand, 
usually  begin  at  the  mitral  valve  and  may 
extend  upward  to  the  aortic  valve  but  do 
not  involve  the  aorta.  Other  valves  may  at 
times  be  affected,  but  such  lesions  are  rarely 
correctlv  diagnosed  before  death.  An  occas- 
ional case  of  rheumatic  involvement  of  the 
aortic  valve  alone  is  encountered  now  and 
then. 

When  the  mitral  valve  fails  it  may  show 
stenosis  or  a  combination  of  stenosis  and 
insufficiency.  Autopsy  findings  at  the  Mass- 
achusetts General  Hospital  seem  to  indicate 
that  pure  insufficiency  is  a  rather  rare  lesion 
of  the  mitral  valve.  No  matter  what  the  le- 
sion may  be,  a  failure  of  the  efficiency  of 
the  valve  disturbs  the  mechanical  balance  of 
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the  heart,  and  blood  is  either  held  back  or 
is  allowed  to  regurgitate  back  into  the  left 
auricle.  This  causes  dilatation  of  that  struc- 
ture and  a  prominent  of  the  left  auricular 
appendage  curve  in  the  roentgenogram. 
Pulmonary  congestion  results,  and  an  extra 
load  is  thereby  thrown  upon  the  right  ven- 
tricle which  in  turn  passes  it  back  to  the  right 
auricle.  With  an  incompetent  valve  much 
blood  from  the  dilated  left  auricle  flows  into 
the  left  ventricle  during  diastole  and  causes 
some  increase  in  the  size  of  that  structure. 
Since  the  right  ventricle  pumps  blood  into 
the  lungs  through  the  pulmonary  artery  it 
is  also  likely  to  show  some  dilatation  and 
this  helps  to  accentuate  the  prominence  of 
the  curve  of  the  left  auricular  appendage, 
since  the  shadows  of  the  two  structures  ad- 
join one  another.  The  extra  load  on  the  right 
auricle  usually  causes  a  marked  prominence 
of  the  right  border  of  the  heart.  The  enlarge- 
ment of  the  right  ventricle  causes  an  increase 
in  both  the  transverse  diameter  and  the  dis- 
tance across  the  auricles.  From  this  brief 
description  it  is  evident  that  the  changes  pro- 
duced tend  to  increase  the  dimension  "B" 
(equals  "X"  plus  "Y").  When  the  mitral 
valve  is  incompetent  "L"  may  also  show 
some  increase  as  a  result  of  a  certain  amount 
of  enlargement  of  the  left  ventricle;  but 
this  is,  as  a  rule,  not  a  striking  change. 

In  examining  cases  of  chronic  mitral  dis- 
ease fluoroscopically,  it  is  not  at  all  uncom- 
mon to  find  the  lower  posterior  mediastinal 
space  entirely  obliterated  by  enlarged  aur- 
icles which  extend  backward  until  they  come 
in  actual  contact  with  the  spinal  column. 
Figure  lo  illustrates  the  findings  in  a  case 
diagnosed  clinically  as  pure  mitral  stenosis, 
whereas  Figures  ii  and  12  represent  double 
mitral  disease.  It  is  interesting  to  note  that 
in  Figure  10  the  transverse  diameter  of  the 
heart  does  not  definitely  exceed  50  per  cent 
of  the  internal  diameter  of  the  chest,  al- 
though the  heart  has  a  typical  "mitral 
shape."  This  is,  no  doubt,  due  to  the  absence 
of  enlargement  of  the  left  ventricle.  Groedel 
calls  attention  to  the  fact  that  the  cardiac 
shadow  may  be  relatively   small  in  mitral 


stenosis,  and  this  is  probably  the  only  type 
of  chronic  organic  heart  disease  in  which 
the  cardiothoracic  ratio  does  not  always 
indicate  enlargement.  Figure  11  shows  a 
marked  prominence  of  the  curve  of  the  right 
auricle.  Figure  12  shows  this  same  promin- 
ence combined  with  an  enlargement  of  the 
left  auricle  sufficiently  great  to  obliterate 
completely  the  angle  normally  seen  between 
the  descending  aorta  and  the  remainder  of 
the  left  border  of  the  heart.  These  three 
drawings  illustrate  the  fact  that  in  mitral 
disease  the  dimension  "B"  approaches  the 
dimension  "L"  as  a  limit  and  as  a  result  the 
cardiac  shadow  tends  to  assume  a  circular 
shape.  No  other  cardiac  disturbance  pro- 
duces the  same  series  of  changes,  and  when 
the  roentgenologist  observes  such  configura- 
tion he  is  justified  in  suggesting  the  diag- 
nosis of  mitral  disease  which  should,  of 
course,  be  checked  up  by  a  physical  exam- 
ination. 

If  the  rheumatic  infection  extends  to  the 
aortic  valve  and  a  double  valve  lesion  results, 
the  left  ventricle  of  necessitv  takes  up  a 
larger  share  of  the  increased  load  and  be- 
comes definitely  enlarged.  The  apex  may  as 
a  result  descend  to  the  level  of  the  sixth 
interspace  in  front  and  on  the  long  diameter 
is  definitely  increased.  It  is  only  necessary 
to  add  to  the  mitral  picture  an  increased 
length  and  a  prominence  of  the  curve  of  the 
left  ventricle  to  produce  the  appearance  of 
double  valvular  disease,  as  illustrated  in 
Figures  13  and  14.  The  cur\-e  of  the  left 
ventricle  becomes  relatively  more  and  more 
prominent  as  we  pass  from  mitral  stenosis 
through  double  mitral  disease  to  aortic  re- 
gurgitation. 

Pure  aortic  stenosis  is  an  extremely  rare 
condition  and  is  diagnosed  by  good  clinicians 
only  after  much  deliberation.  The  case  illus- 
trated in  Figure  15  was  so  diagnosed.  It  is 
quite  possible  that  myocarditis  is  responsible 
for  some  of  the  changes  seen.  Two  points 
of  interest  may  be  noted.  The  enlargement 
is  limited  to  the  ventricles,  chiefly  the  left, 
since  the  distance  "B"  extending  across  the 
right  ventricle  is  not  increased,  and  the  aortic 
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Fig.  10.  Mitral  Stenosis.  Case  No.  231751-  P-  H.  No 
history  of  children's  diseases.  For  several  years 
has  been  troubled  with  attacks  of  dyspnea,  cya- 
nosis, and  a  choking  sensation  after  exertion.  No 
productive  cough  or  edema.  Some  attacks  accom- 
panied by  knife-like  precordial  pain  and  a  dry 
cough. 

P.  I.  Balance  of  past  year  spent  in  bed.  Attacks 
characterized  by  dyspnea,  dry  cough,  cyanosis, 
palpitation,   and  sharp  precordial  pain   still   occur. 

P.  E.  White  girl.  Weight,  117  pounds.  Sounds 
regular,  and  rapid.  P2  greater  than  A:  and  accentu- 
ated. Pre-systolic  roll  at  apex.  First  sound  loud 
and  sharp.  Slight  systolic  and  loud  rough  diastolic 
murmur  at  apex  transmitted  to  axilla.  Slight  thrill 
in  fifth  interspace.  Blood-pressure  110/65. 

Laboratory  Findings.  Renal  function  50  per  cent. 
Wassermann  negative. 

arch  i.s  normal  in  size  and  shape.  The  normal 
arch  makes  the  presence  of  syphilitic  aortitis, 
cardio-renal  disease  with  hypertension,  or 
arch  sclerosis  rather  unlikely,  and  it  is  there- 
fore necessary  to  explain  the  ventricular 
enlargement  as  resulting  from  a  rheumatic 
infection  of  the  aortic  valve,  a  myocarditis, 
or  an  aortic  stenosis.  It  is  very  unlikely  that 
anv  roentgenologist  w^ould  be  so  rash  as  to 
hazard  the  correct  diagnosis  on  the  basis  of 
the  roentgen  appearance  alone. 

Aortic  valve  involvement  is  in  a  large 
majority  of  adidt  cases  due  to  syphilis  and 
its  onset  is  likely  to  be  preceded  by  a  syphi- 
litic aortitis  of  the  ascending  aorta.  Figure 
16  illustrates  an  advanced  case  of  this  type. 
There  is  a  marked  increase  in  the  width  of 


Fig.  II.  Mitral  Disease  (probably  double).  Case  No. 
2321 10.  P.  H.  In  bed  with  rheumatic  fever  one 
month,  four  years  ago.  Scarlet  fever  followed  by 
rheumatic  pain  which  kept  him  in  bed  ten  weeks, 
seven  months  ago.  Venereal  denied.  No  tobacco 
or  alcohol. 

P.  I.  Turned  down  by  draft  board  about  one 
year  ago.  Dyspnea  and  palpitation  followed  at- 
tack of  scarlet  fever  and  rheumatism  seven  months 
ago.  No  edema.  Chief  complaint  at  present  is  dys- 
pnea, weakness  and  palpitation  following  exertion. 

P.  E.  White  man.  Age  twenty-one.  Weight  138. 
Mucous  membrane  cyanotic.-Tonsils  red,  large  and 
ragged.  Venous  pulsations  seen  in  neck.  Cervical 
glands  palpable.  Heart  impulse  heaving  and  dif- 
fuse, and  seen  in  4th  interspace.  Sounds  regular 
and  slightly  rapid.  First  sound  replaced  by  sys- 
tolic murmur,  transmitted  to  axilla,  precordia  and 
back.  No  definite  thrill.  P2  greater  than  A2.  Re- 
duplicated and  accentuated.  Arterial  walls  not  palp- 
able. Brachials  not  tortuous.  Blood-pressure  140/70. 
Knee  jerks  present  and  equal. 

Laboratory  Findings :  Urine  negative.  Wasser- 
mann negative. 


the  aortic  arch  and  a  prominence  in  the  lower 
part  of  the  ascending  portion  which  probably 
represents  a  localized  dilatation.  The  heart 
is  very  long  and  lies  transversely  in  the  chest 
as  a  result  of  a  high  diaphragm.  The  aur- 
icles are  not  enlarged,  but  the  curve  of  the 
left  ventricle  is  very  prominent.  The  dis- 
tance across  the  base  "B"  is  not  outside 
normal  limits,  and  it  may  be  inferred  that 
the  left  ventricle  is  enlarged  much  more  than 
the  right.  Left  ventricular  preponderance  is 
often  present  in  cases  of  aortic  regurgitation. 


Roentgen  Ray  Cardiac  Studies 


305 


Graph.   I.   Illustraling   Figure   10.   Broad  notched   "P"  wave  of  the  type  often  seen  in  mitral  stenosis. 


CARDIO-RENAL  DISEASE 

A  patient  with  damaged  kidneys  who  has 
maintained  a  high  blood-pressure  for  a  long 
time  must  of  necessity  possess  a  large  hyper- 
trophied  heart  if  he  is  to  keep  his  bodily 
machine  operating.  If  the  hypertrophy  is  not 
sufficient  to  meet  the  heavy  demands  of  a 
high  blood-pressure,  he  suffers  from  various 
cardiac  symptoms.  The  hypertrophy  is 
usually  pretty  well  distributed  between  the 
two  ventricles,  and  as  a  result  such  hearts 
become  enormous  in  size.  Figures  17  and  18 
show  fairly  typical  cases.  The  aortic  knobs 
are  prominent,  perhaps  as  a  result  of  arterio- 
sclerosis, which  is  often  present  in  cardio- 
renal  disease.  Although  the  curves  repre- 
senting the  auricles  are  not  at  all  prominent, 
the  distance  "B"  is  outside  normal  limits 
and  this  seems  to  indicate  the  presence  of  a 
definite  hypertrophy  of  the  right  ventricle. 
The  increased  length  of  the  heart  and  the 
prominence  of  the  curve  of  the  left  ventricle 
point  toward  hypertrophy  of  that  structure. 
The  roentgenologist  is  not  always  justified 
in  describing  an  increase  in  cardiac  size  as 
due  to  hypertrophy  rather  than  dilatation, 
but  in  these  cases  the  vigorous  pulsations 
observed  fluoroscopically  seem  to  point  in 


that  direction.  Early  cardio-renal  cases  do 
not  show  such  pronounced  changes  and  may 
be  easily  confused  wnth  other  conditions 
causing  ventricular  enlargement. 

DISEASES     INVOLVING     THE      GREAT     VESSELS 

This  subject  was  more  fully  covered  in  a 
previous  article^\  but  this  survey  of  diseases 
of  the  heart  would  hardly  be  complete  with- 
out some  reference  to  it.  Many  of  the  draw- 
ings shown  here  were  used  in  the  previous 
article.  It  is  probably  true  that  a  large  num- 
ber of  cardiac  cases  are  sent  to  the  roentgen- 
ologist because  the  clinician  is  afraid  that 
he  may  be  overlooking  a  syphilitic  aortitis 
or  to  check  up  his  diagnosis  of  that  condi- 
tion. The  diagnosis  of  aortitis  should  be 
made  with  the  greatest  caution  in  cases 
showing  widened  shadows  of  the  great  ves- 
sels. Arteriosclerosis,  hypertension,  chronic 
mitral  disease,  a  high  diaphragm,  or  an  en- 
larged pulmonary  artery  may  produce  wid- 
ened shadows  of  the  great  vessels. 

Figure  19  illustrates  a  typical  wide,  tor- 
tuous aortic  arch  of  the  type  seen  in  ad- 
vanced arteriosclerosis.  The  widening  is 
apparently  due  to  the  fact  that  the  descend- 
ing aorta  swings  to  the  left.  The  aortic  knob 
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Fig.  12.  Mitral  Disease  and  Chorea.  O.  P.  D.  244944. 
June  13,  1914.  P.  H.  Negative  except  for  scarlet 
fever  five  months  previously. 

P.  I.  Has  complained  of  tenderness  on  being 
touched  for  several  weeks.  Is  very  nervous  and 
rather  weak. 

P.  E.  Patient  is  a  white  girl  seven  years  of  age. 
Tonsils  are  ragged  and  protrude.  Heart  is  swollen. 
Heart  is  not  enlarged.  Sounds  regular  and  of  good 
quality.  Xo  murmurs  heard.  No  swollen  or  tender 
joints.  Considerable  choreiform  movement. 

Mar.  20,  1920.  P.  E.  Heaving  apex  impulse  in 
the  5th  §pace  10  cm.  to  the  left  of  the  midsternum. 
Loud  systolic  murmur  at  the  apex  partly  masking 
the  1st  sound.  Pulmonic  2nd  sound  very  loud  and 
reduplicated  at  the  apex.  Slight  diastolic  rumble 
when  the  patient  lies  down. 

is  usually  prominent  in  arch  sclerosis  even 
though  it  be  partially  obliterated  by  the 
shadow  of  the  descending  portion  of  the 
vessel.  If  the  patient  be  rotated  to  the  left 
in  the  fluoroscope  until  the  shadow  of  the 
ascending  aorta  overlies  that  of  the  descend- 
ing aorta,  the  transverse  dimension  of  the 
resultant  shadow  should  not  seem  too  large. 
It  is  often  possible  to  take  plates  in  the  left 
oblique  position  which  show  the  entire  as- 
cending, transverse,  and  descending  thoracic 
aorta.  The  heart  illustrated  in  Figure  19 
might  be  said  to  be  a  sequela  of  cardio-renal 
disease,  but  the  nephritis  is  probably  arterio- 
sclerotic in  origin,  and  the  sclerosis  of  the 
arch  may  have  preceded  the  nephritis. 

Arteriorsclerosis  is  to  be  expected  in  the 
aged ;  but  younger  people  sometimes  have  it. 
A  case  of  arteriosclerosis  with  hypertension 


Fig.  13 


Fig.  13.  Double  Mitral  Disease  and  Aortic  Regurgi- 
tation. O.  P.  D.  392730.  P.  H.  Has  had  attacks  of 
rheumatic  fever  and  sore  throats  during  the  past 
year.  No  other  serious  illnesses. 

P.  I.  Comes  in  complaining  of  pain  in  all  of  the 
joints  of  the  body  which  has  been  worse  during 
the  past  three  months.  Dyspneic  after  climbing  a 
flight  of  stairs.   Occasional   edema  of  the   ankles. 

P.  E.  The  patient  is  a  white  man  of  twenty-four 
who  weighs  140  pounds.  Heart  sounds  regular. 
There  is  a  loud  blowing  systolic  murmur  heard  all 
over  the  precordia  with  a  maximum  intensity  at 
the  apex.  The  murmur  is  transmitted  to  the  axilla. 
P2  is  accentuated.  There  is  an  early  diastolic  mur- 
mur heard  just  to  the  left  of  the  sternum  in  the 
3rd  interspace.  The  apex  is  felt  in  the  6th  space. 
The  apex  impulse  is  felt  in  the  6th  space. 

Laboratory  Tests.  Wassermann  negative. 

and  a  wide,  tortuous,  aortic  arch  is  shown  in 
a  woman  of  thirty-nine  in -Figure  20.  A  girl 
in  the  early  twenties  with  a  similar  condition 
was  also  observed.  These  cases  of  precocious 
arteriosclerosis  are  not  so  uncommon  as  one 
might  suspect,  and  it  is  just  such  a  case 
that  is  most  likely  to  be  branded  as  syphilitic 
when  a  wide  arch  is  discovered. 

The  obese  patient  almost  always  shows  a 
wide  area  of  supracardiac  dullness,  and  in 
many  cases  this  is  due  to  the  high  position 
of  the  diaphragm.  Figure  21  shows  three 
wide  arches  observed  in  obese  persons  and 
also  the  widening  of  the  arch  resulting  from 
forced  expiration  in  an  individual  of  average 
size.  The  position  of  the  diaphragm  should 
be  carefully  observed  in  aortitis  suspects. 

The  effect  of  chronic  mitral  disease  on 
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Fig.  14.  Double  Mitral  Disease  and  Aortic  Regurgi- 
tation. P.  H.  In  bed  with  polyarticular  rheumatism 
eleven  years  ago.  Similar  attacks  since.  Influenza 
and  pneumonia  nine  months  ago. 

P.  I.  Pain  appeared  in  precordia  and  right 
shoulder  two  years  ago.  Became  dyspneic  on  exer- 
tion eleven  months  ago  after  an  attack  of  influ- 
enza. A  severe  rheumatic  attack  occurred  one 
month  ago. 

P.  E.  Apex  impulse  in  5th  space.  Sounds  of  good 
quality.  Occasional  premature  beat.  P2  greater  than 
A2  and  much  accentuated.  Loud  blowing  systolic 
and  diastolic  at  the  apex.  "To  and  fro"  murmur  at 
the  base.  Arterial  walls  palpable.  Thrill  at  the 
apex.  Blood-pressure  126/60.  Wassermann  nega- 
tive. Age,  twenty-six.  Weight  104  pounds. 
Fig.  15.  Aortic  Stenosis.  Case  No.  230864.  P.  H.  A 
painter  for  thirty  years.  Lead  colic  sixteen  j^ears 
ago.  Gonorrhea  at  twenty.  Syphilis  denied.  Much 
alcohol  up  until  ten  years  ago. 

P.  I.  Three  years'  duration  beginning  with  dys- 
pnea and  palpitation.  Aching  pains  in  legs  began 
eighteen  months  ago,  worse  in  evening.  Cough  be- 


gan  five   months   ago.   Edema   of   ankles    for  past 
three  weeks  with  cyanosis  and  dyspnea  on  exertion. 

P.  E.  Age  fifty-eight.  Weight  144  pounds.  Bra- 
chials sclerosed.  Harsh  blowing  systolic  murmur 
at  base,  heard  best  in  aortic  area  and  transmitted 
to  neck.  Double  murmur  at  apex  which  disap- 
peared after  rest  in  bed.  Systolic  thrill  in  aortic 
area.  Blood-pressure  115/90.  Wassermann  nega- 
tive. Electrocardiogram  shows  left  ventricular 
preponderance  and  premature  ventricular  con- 
tractions. 
Fig.  16.  Syphilitic  Aortitis  and  Aortic  Regurgitation. 
O.  P.  D.  404570.  P.  H.  Has  had  pneumonia  twice. 
Gonorrhea  twenty-five  years  ago.  Married  thirty 
years.  Wife  has  never  been  pregnant. 

P.  I.  Has  suffered  from  epigastric  distress,  dys- 
pnea, and  palpitation  on  exertion  for  about  eight 
months.  No  edema. 

P.  E.  Negro  man.  Age  sixtj'-one.  Weight  185 
pounds.  Blood-pressure  200/80.  Knee  jerks  absent. 
Pupils  sluggish.  Brachial  arteries  sclerosed  and 
tortuous.  Corrigan  pulse.  Double  murmur  in  the 
aortic  area.   Diastolic   murmur   to  the   left   of   the 
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11.   Illustrating   Figure    14.   Tachycardia.   Broad  notched  "P"  waves  in  all  leads. 


Graph    III.   Illustrating  Figure   15.  Left  ventricular  preponderance.   Right   ventricular  premature   con- 
tractions.  Aberrant  ventricular  contractions.   Invert   "T"   wave.   "P"   wave   broad  and  notched  in 
leads  I  and  II. 


sternum.  A;  absent.  Pistol  shot  sound  in  the  groin. 
Visible  pulsations  in  the  neck. 

Laboratory  Findings.  Urine  not  definitely  ab- 
normal at  one  examination. 
Fig.  17.  Cardio-Renal  Disease.  Case  No.  231034- 
P.  H.  Diphtheria  at  twenty-five.  Tonsillitis  at  same 
time.  Syphilis  at  age  of  twenty.  Does  not  drink 
steadily  but  goes  on  alcoholic  sprees. 

P.  I.  Nocturia  began  one  year  ago ;  has  gotten 
progressively  worse.  Severe  frontal  morning  head- 
aches began  seven  months  ago.  Attacks  of  dyspnea 
during  past  seven  months.   Blurring  of  vision  and 


spots  before  the  eyes  for  past  three  months.  Dizzy 
vomiting  spells  for  past  two  months.  Cramps  in 
legs  recently. 

P.  E.  White  man.  Age  forty-nine.  Weight  150 
pounds.  Sounds  regular  and  rapid.  P2  greater  than 
A2.  Both  accentuated.  Soft  systolic  murmur  over 
precordia  heard  best  in  the  4th  left  interspace. 
Pulses  equal  and  of  high  tension.  Arterial  walls 
palpable.  Blood-pressure  210/140.  Brachials  tor- 
tuous. Fundi  show  albuminuric  retinitis. 

Laboratory  Findings.  Renal  function  10  per  cent. 
Wassermann  negative. 
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Fig.  18.  Cardio-Renal  Disease.  Case  No.  233130. 
P.  H.  No  diseases  except  scarlet  fever  in  child- 
hood. Always  a  heavy  meat-eater.  Used  much 
alcohol  up  until  two  years  ago.  A  heavy  smoker. 

P.  I.  Began  to  complain  of  dyspnea  and  a  "lazy" 
feeling  about  three  years  ago.  Has  been  in  the 
hospital  twice  liefore  because  of  worn  out  feeling. 
Orthopnea  became  noticeable  tv/o  weeks  ago  and 
was  accompanied  by  nocturia  and  edema  of  the 
ankles,  lower  legs,  and  thighs.  No  precordial  pain 
at  any  time. 

P.  E.  White  man  fifty-two  years  old,  weighing 
196  pounds.  Jan.,  1917.  Sounds  regular  and  of 
good  quality.  Rate  normal.  Soft  systolic  at  the 
apex.  Second  sounds  accentuated.  Liver  edge  felt 
2  cm.  below  the  costal  margin.  Electrocardiogram 
showed  left  ventricular  preponderance.  Wasser- 
mann  negative.  Renal  function  30  per  cent.  Urine 
showed  a  Sp.  Gr.  of  1020-24,  albumin  V.  S.  T.  to 
S.  T.,  and  many  hyaline  casts.  Blood-pressure 
180/110. 

May,  1919.  P:  equals  A2.  Shrill  high  pitched 
murmur  in  the  mitral  area.  No  thrill.  Brachials 
tortuous.  Blood-pressure  210/140  to  230/140.  Renal 
function  20  per  cent  to  25  per  cent.  Urine  showed 
hyaline  and  granular  casts  and  a  Sp.  Gr.  of  1012 
to  1020. 

Oct.,  1919.  Second  sounds  accentuated.  Blowing 
musical  systolic  murmur  at  the  apex  transmitted 
to  the  axilla.  Radial  arteries  sclerotic  and  beaded. 
Blood-pressure  220/150.  Rales  in  bases  of  lungs. 
Edema  of  angles  and  thighs.  Fundi  showed  scle- 
rosed and  tortuous  arteries  and  small  sclerotic 
plaques.  Urine  shows  a  Sp.  Gr.  of  1010-14,  a  T.  to 
V.  S.  T.  of  albumin  and  hyaline  and  granular 
casts.  R.  F.  25  per  cent.  Hbg.  70  per  cent. 

the  contour  of  the  left  border  of  the  cardiac 
shadow  has  been  discussed  under  the  sub- 
ject of  "Valvular  Disease."  In  Figure  12, 
the  supracardiac  dullness  is  shown  definitely 
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Fig.  19.  Arteriosclerosis  with  Nephritis.  Case  No. 
232022.  P.  H.  Scarlet  fever  in  childhood.  Sick  sev- 
eral months  twenty  years  ago  with  nausea,  diar- 
rhea, vomiting  and  abdominal  pain.  "Grippe"  four 
years  ago.  Generalized  edema  with  headache,  blur- 
ring of  vision  and  delirium  three  years  ago.  A 
"shock"  occurred  one  year  ago.  Unconscious  for 
twenty-four  hours.  Some  weakness  in  left  arm  and 
leg  since.  Venereal  denied. 

P.  I.  Feels  weak  and  tired.  Still  has  weakness  of 
left  arm  and  leg.  Has  attacks  of  dizzy  sensations 
accompanied  by  vomiting,  a  feeling  pressure  in  the 
head,  and  a  general  numb  feeling. 

P.  E.  White  man.  Age  sixty-four.  Weight  175 
pounds.  Pupils  irregular.  Cardiac  impulse  seen  and 
felt  in  the  6th  space.  No  thrills.  Sounds  regular 
and  of  fair  quality  but  rapid.  A^  greater  than  P2 
and  accentuated.  No  murmurs.  Arterial  walls 
palpable,  brachials  not  tortuous.  Blood-pressure 
208/120.  Knee  jerks  normal. 

Laboratory  Findings.  Urine  shows  a  trace  of 
albumin,  a  Sp.  Gr.  of  1020  to  1023  and  a  frequent 
hyaline  and  granular  cast  at  two  examinations. 
R.   F.   12  per  cent.   Wassermann  negative. 

increased  as  a  result  of  dilatation  of  the 
pulmonary  artery  and  left  auricular  appen- 
dage. The  clinician  is  very  familiar  with 
the  increase  in  percussion  dullness  to  the 
left  of  the  sternum  with  the  enlargement  of 
the  left  auricle.  Such  cases  present  a  fairly 
typical  cardiac  shadow  and  are  not  likely  to 
be  confused  with  aortitis. 

The  increased  width  of  the  supracardiac 
shadow  accompanying  chronic  hypertension 
is  well  brought  out  in  Figures  17  and  18. 
Smith  and  Kilgore^^  have  called  attention  to 
a  series  of  such  arches  in  cases  of  cardio- 
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Graph    IV.   Illustrating   Figure    i8. 
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Fig.  20.  Precocious  Arteriosclerosis  with  Hyperten- 
sion. Case  No.  233568.  P.  H.  No  rheumatic  history. 
No  miscarriages.  Venereal  denied.  "Tubes  and 
ovaries"  removed  eleven  years  ago  for  pelvic 
abscess. 

P.  I.  Weak  and  tired  and  subject  to  "hot  flashes" 
and  "cold  sweats"  since  the  age  of  eighteen.  Dys- 
pnea began  three  years  ago.  About  two  years  ago 
she  began  to  have  palpitation  and  severe  headaches 
accompanied  at  times  by  vomiting,  dizziness,  stag- 
gering, stars  before  the  eyes  and  on  two  occasions 
everything  turned  black  before  her  eyes.  During 
the  past  year  the  above  symptoms  have  been  less 
but  there  has  been  some  edema  of  the  ankles  and 
a  numb  feeling  in  the  right  leg  and  arm  at  inter- 
vals. No  nocturia  or  other  urinary  symptoms. 

P.  E.  Patient  is  a  pale  white  woman,  age  thirty- 
nine,  weighing  112  pounds.  Marked  venous  pulsa- 


tion in  neck.  Sounds  regular  and  rapid  and  of 
good  quality.  A2  is  greater  than  P2  and  much  ac- 
centuated. Reduplicated  ist  sound  and  a  systolic 
murmur  at  the  apex  transmitted  to  the  axilla. 
Systolic  murmur  in  the  aortic  area  not  transmit- 
ted. Very  questionable  thrills  observed  at  the  apex 
and  at  the  aortic  area.  No  presystolic  murmur. 
Arterial  walls  palpable.  Brachials  tortuous.  Blood- 
pressure  was  270/190  six  months  ago  and  is 
210/140  now. 

Laboratory  Findings.  Urine  shows  nothing  ab- 
normal except  S.  P.  T.  of  albumin  and  a  rare 
white  cell  at  numerous  examinations.  No  fixation 
of  gravity  or  retention  of  chlorides.  Renal  func- 
tion 60  per  cent.  Non-protein  nitrogen  35.9  mgs. 
per  100  c.c.  of  blood.  Wassermann  negative  twice. 


renal  disease  with  hypertension,  in  which 
no  evidence  of  syphiHtic  infection  could  be 
found.  It  has  been  claimed  that  the  widen- 
ing is  due  to  a  dilatation  of  the  aorta  re- 
sulting from  the  long  continued  high  blood 
pressure.  Some  think  that  arteriosclerosis  is 
also  a  factor.  No  matter  what  the  etiology 
may  be,  it  is  a  proven  fact  that  the  trans- 
verse dimension  of  the  great  vessels  in  such 
cases  may  measure  7,  8,  or  even  9  cm. 

A  dilatation  of  the  pulmonary  artery  is 
only  met  with  occasionally,  but  when  it  oc- 
curs, the  appearance  is  very  typical  and 
produces  a  definite  widening  of  the  shadow 
of  the  great  vessels  resulting  from  a  sharply 
defined  prominence  in  the  region  of  the  pul- 
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Fig.  21.  Widening  of  the  Shadow  of  the  Great  Ves- 
sels Due  to  a  High  Diaphragm.  The  three  upper 
tracings  represent  the  size  and  shape  of  the  great 
vessels  in  patients  weighing  over  200  pounds.  In 
each  case  there  was  a  high  diaphragm  probably  due 
to  a  large  amount  of  abdominal  fat.  These  sketches 
are  traced  from  the  seven-foot  plates.  In  well  built 
individuals  weighing  over  200  pounds  and  possess- 
ing a  normally  placed  diaphragm  the  great  vessels 
rarely  measure  over  6  cm.  in  width. 

The  large  drawing  represents  the  shape  and  size 
of  the  heart,  great  vessels,  and  thoracic  cavity 
of  a  well  built  man  thirty-nine  years  of  age  and 
weighing  142  pounds.  The  solid  outline  was  made 
from  a  seven- foot  plate  taken  during  normal 
breathing  while  the  broken  outline  was  traced 
from  a  seven-foot  plate  of  the  same  patient  during 
forced  expiration.  This  man  was  a  recently  dis- 
charged soldier  who  had  been  leading  an  active 
life  and  he  had  a  good  diaphragmatic  excursion. 
During  expiration  the  diaphragm  rises  and  the 
chest  walls  are  drawn  in.  The  heart  is  forced 
upwards  but  apparently  the  upper  portion  of  the 
aortic  arch  remains  fixed.  As  a  result  the  heart  and 
great  vessels  are  compressed  and  a  widening  of 
their  transverse  diameters  results. 

This  patient  came  in  complaining  of  a  feehng 
of  fullness  in  the  chest  which  was  worse  after 
meals  and  had  been  present  for  about  a  year. 
There  were  no  other  sj'mptoms.  On  auscultation 
there  was  a  double  murmur  in  both  the  aortic 
and  mitral  areas  and  A2  was  sharp.  The  pulse 
pressure  was  a  little  higher  than  normal.  There 
was  no  rheumatic  or  syphilitic  history.  The  electro- 
cardiograph showed  nothing  abnormal.  He  was 
thought  to  have  an  early  involvement  of  both  the 
aortic  and  the  mitral  valves  of  rheumatic   origin. 

Fig.  22.  Dilated  Pulmonary  Artery.  Case  No.  145038. 
P.  H.  Croupous  pneumonia  at  twelve.  Typhoid  and 
diphtheria  at   thirteen.    Question   of   bronchopneu- 


monia at  twenty-five.  No  rheumatic  history.  Ques- 
tion of  chancroid  eight  months  ago.  In  the  hospital 
with  a  "cold"  for  two  weeks  about  four  months 
ago.  Has  been  working  but  never  "up  to  snuff." 
Some  precordial  pain  and  dyspnea  for  past  two 
years. 

P.  I.  Has  complained  for  the  past  four  days  of 
headaches,  "hot  and  cold"  sensations,  pains  all  over 
the  body,  and  a  cough  accompanied  by  pain  in 
the  left  lower  chest.  This  condition  was  diag- 
nosed as  a  mild  bronchopneumonia. 

P.  E.  White  boy  twenty-six  years  old  weighing 
124  pounds.  At  the  age  of  twelve:  Heart  outside 
the  nipple  line  three  and  one  half  inches  from 
the  mid-sternum.  No  increase  to  the  right.  Action 
rapid  and  regular.  Second  sound  at  apex  accen- 
tuated. P;  equals  A;.  Systolic  murmur  at  the  apex 
not  transmitted.  In  the  "  hospital  with  croupous 
pneumonia  at  this  time. 

At  the  age  of  thirteen  :  Heart  in  the  5th  space 
in  the  anterior  axillary  line.  No  increase  to  the 
right.  Action  rapid  and  regular.  P2  very  much  ac- 
centuated and  equals  A2.  First  sound  replaced  by  a 
systolic  murmur  heard  all  over  the  precordia,  loud- 
est in  the  mitral  area  and  transmitted  to  the  axilla. 
Spleen  palpable.  In  the  hospital  at  this  time  with 
diphtheria  and  typhoid. 

At  the  age  of  twent3^-five :  Heart  apex  impulse 
felt  and  seen  12  cm.  to  the  left  of  the  mid-sternum 
line.  Sounds  regular  and  of  poor  quality.  P2  is 
accenuated  and  reduplicated  and  equals  A2.  Short 
systolic  murmur  at  the  apex  transmitted  to  the 
axilla.  Short  diastolic  just  to  the  left  of  the  ster- 
num. Blood-pressure  110/60.  X-ray  showed  a  prom- 
inence of  the  pulmonary  artery  and  a  thickening 
of  the  hilus  shadows  and  lung  markings.  Diag- 
nosis, mitral  insufficiency  and  question  of  bronco- 
pneumonia  at  this  time. 

At  present :  Impulse  heaving.  Sharp  slap  felt 
half  way  between  the  pulmonary  area  and  the 
apex.  P2  greater  than  A2  and  much  accentuated. 
Soft  systolic  murmur  at  the  apex.  Second  sound 
loudest  where  slap  is  felt,  and  synchronous  with 
it.  No  thrill.  Blood-pressure  148/110.  Sputum 
shows  Type  IV  pneumococcus  and  blood  culture 
shows  staph,  albus. 
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Graph  V.  Illustrating  Figure  22.  Marked  right  ventricular  preponderance,  a  condition  found  most 
commonly  in  mitral  stenosis,  congenital  heart,  and  chronic  pulmonary  disease  of  a  type  causing 
pulmonary  artery  dilatation. 


monary  artery.  Such  a  picture  may  be  ob- 
tained with  a  patent  ductus  arteriosus,  a 
pulmonary  stenosis,  or  an  aneurysm  of  the 
puhnonary  artery.  It  is  conceivable  that  some 
form  of  obstruction  to  the  pulmonary  cir- 
culation might  cause  it.  A  patent  ductus 
arteriosus  is  probably  the  most  common 
cause.  Figures  22  and  2t,  show  rather  tvpical 
cases.  Hubeny^^  has  written  an  excellent 
description  of  this  condition.  The  appear- 
ance is  so  striking  that  the  diagnosis  is  prob- 
ably very  rarely  missed.  An  enlarged  gland 
in  the  left  hilus  or  a  small  sharply  localized 
aneurysm  in  tlie  descending  aorta  might 
conceivably  give  a  similar  picture,  but  in 
such  cases  the  physical  signs  would  be  en- 
tirely different. 

Syphilitic  aortitis  unfortunately  does  not 
always  produce  so  typical  an  appearance. 
Of  course  it  is  impossible  to  detect  any 
roentgen  ray  evidence  of  the  disease  imtil 
it   has   progressed    far   enough    to   produce 


some  changes  in  the  shape  of  the  aorta.  In 
a  certain  number  of  cases  (not  over  30 
per  cent  of  those  coming  to  autopsy)  the 
involvement  is  limited  to  the  region  just 
above  the  aortic  valve,  and  a  localized 
dilatation  occurs  at  this  point.  Such  a  dilata- 
tion produces  a  prominence  in  the  ascending 
aorta  just  above  the  aortic  valve  lesion.  The 
discovery  of  these  dilatations  is  of  great 
diagnostic  value.  However,  the  diffuse  dila- 
tations produce  pictures  which  resemble 
many  other  conditions,  and  all  of  the  obtain- 
able clinical  evidence  is  needed  in  attempting 
a  diagnosis.  Figure  26  illustrates  such  a  con- 
dition. If  the  aneurysms  had  not  been  dis- 
covered, this  arch  would  in  all  probability 
have  been  called  arteriosclerotic,  and  no 
doubt  the  patient  had  definite  arterioscle- 
rosis. However,  it  seems  fair  to  assume  that 
a  syphilitic  infection  general  enough  to  in- 
volve vessels  in  the  neck  and  in  the  abdomen 
would  hardlv  miss  the  aortic  arch. 
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Fig.  23.  Dilated  Pulmonan-  Artery.  (Case  seen  at 
Baylor  Hospital,  Dallas.)  P.  H.  Mother  states  that 
doctors  were  interested  in  the  child's  heart  shortly 
after  birth.  There  have  been  several  febrile  attacks 
of  an  unknown  character. 

P.  I.  Patient  is  semistuporous  and  a  good  historj^ 
is  not  obtainable.  Mother  thinks  that  patient  was 
fairly  well  until  three  months  ago  when  she 
began  to  complain  of  dyspnea  and  orthopnea.  At 
present  she  is  coughing  up  a  bloody  sputum  and 
running  a  temperature  ranging  between  99  and  103 
degrees  F. 

P.  E.  The  patient  is  a  fairly  well  developed 
negro  girl  thirteen  years  of  age.  At  admission  the 
temperature  was  103,  the  pulse  144  and  the  res- 
piratory rate  46.  Rales  are  heard  in  the  lower  left 
axilla.  The  left  side  of  the  chest  is  slightly  more 
prominent  than  the  right  and  a  diffuse  heaving 
impulse  can  be  seen  covering  most  of  the  pre- 
cordia.  The  heart  is  definitely  enlarged  to  percus- 
sion both  to  the  right  and  to  the  left.  A  systolic 
thrill  is  felt  in  the  pulmonic  area.  The  pulmonic 
second  sound  is  accentuated  and  reduplicated. 
There  is  a  loud  systoHc  murmur  heard  loudest  in 
the  pulmonic  area  and  transmitted  upwards  on  both 
sides  of  the  neck  but  best  on  the  left.  The  white 
count  is  34,800.  The  urine  shows  a  few  hyaline 
casts  and  pus  cells. 


DISCUSSION 

These  few  cases  show  in  a  general  way  the 
more  striking  morphological  differences  in 
various  types  of  cardiac  pathology.  Progno- 
sis and  treatment  are  now  based  to  a  large 
extent  on  hypertrophy  and  dilatation,  that  is 
on  the  condition  of  the  cardiac  muscle  rather 
than  on  the  nature  of  the  lesion  present. 
Accurate  records  of  changes  in  size  and 
shape  taken  at  regular  intervals  are  of  the 


Fig.  24.  Specific  Aortitis  Long  Unrecognized.  O.  P. 
D.  181357.  191 1.  Jewish  woman  of  fifty  weighing 
155  pounds  comes  in  complaining  of  continual 
cough  with  non-purulent  sputum,  dyspnea,  pain 
in  the  throat  and  back,  and  some  incontinence  of 
urine.  Examination  shows  A2  accentuated,  heart 
not  enlarged  to  percussion,  a  blood-pressure  of 
150  (systolic)  and  the  bases  of  the  lungs  full  of 
rales.  A  diagnosis  made  of  bronchitis. 

igi2.  Cough  still  present.  Worse  at  night.  Raises 
little.  Feels  weak.  No  murmurs  made  out  in  heart 
examination.   Blood-pressure  noted  at   130/80. 

1913.  Cough  worse  but  non-productive.  Marked 
dyspnea  on  exertion.  A2  greater  than  Pi.  Soft  sys- 
tolic murmur  heard  in  aortic  area.  Blood-pressure 
noted  as  135/90. 

1914.  Old  symptoms  still  present.  Pain  has  ap- 
peared in  left  back  and  in  wrists  and  ankles. 

1915.  Blood-pressure  noted  as  180  (systolic). 
Treated  in  dental  clinic  for  apical  abscesses. 
Treated  in  throat  room  for  pain  in  throat  without 
a  definite  diagnosis.  Treated  in  orthopedic  depart- 
ment for  pains  and  wrists  and  ankles.  All  of  this 
treatment  failed  to  clear  up  original  symptoms. 

1916.  Admitted  to  the  hospital  for  study.  Wasser- 
mann  negative.  Discharged  after  a  week  with  diag- 
nosis of:  Question  of  cholecystitis,  chronic  pye- 
litis, cystitis,  and  a  question  of  mitral  disease. 

1917.  Admitted  to  hospital  a  second  time.  Dis- 
charged with  the  diagnosis  of :  Senile  heart, 
chronic  arthritis,  obesity,  and  a  question  of  myx- 
edema.  Blood-pressure  noted  as   140/90. 

1919.  Comes  in  complaining  of  hoarseness, 
cough,  a  feeling  of  anxiety,  dyspnea,  and  some 
palpitation.  Examination  of  the  heart  shows  the 
sounds  regular  and  distant,  a  systolic  murmur 
heard  all  over  the  precordia  and  transmitted  to  the 
neck,   and  a  diastolic  murmur  in   the   aortic   area. 


greatest  value  to  the  cardiologist.  Those  who 
refuse  to  avail  themselves  of  such  aid  are 
merely  disregarding  one  of  the  more  accur- 
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Fig.  25.  Specific  Aortitis  and  a  Tremor  of  Syphlitic 
Origin.  O.  P.  D.  No.  392668.  P.  H.  Has  had  ty- 
phoid, scarlet  fever,  and  gonorrhea.  Also  a  penile 
sore  some  years  ago. 

P.  I.  Slight  tremor  appeared  in  left  arm  five 
years  ago.  Remained  constant  and  of  the  same 
intensity  for  three  years.  It  then  extended  to  the 
left  leg  and  right  arm  two  years  ago  and  has  been 
getting  worse.  Some  shooting  pains  recently  in 
legs.   Otherwise   feels   well   and   strong. 

P.  E.  White  man.  Age  forty-three.  Weight  140 
pounds.  ^  Left  arm  shows  a  constant  tremor.  Right 
arm  and  left  leg  show  the  same  phenomenon  to  a 
less  degree.  Tremor  diminishes  while  performing 
purposeful  movements.  Right  pupil  slightly  irregu- 
lar. Xo  reaction  to  light  and  distance.  Slight  sys- 
tolic murmur  in  the  aortic  area.  A2  greater  than 
P2.  Blood-pressure  170/110.  Ltmgs  negative.  Knee 
jerks  absent. 

Laboratory  Findings.  Blood  Wassermann  mod- 
erately positive.  Spinal  fluid  shows  31  cells  per 
cubic  millimeter,  an  increased  pressure,  and  a 
strongly   positive   Wassermann    reaction. 


ate  scientific  methods  at  their  command. 
It  mav  perhaps  be  wise  to  utter  a  word 
of  warning  to  the  enthusiastic  roentgenolo- 
gist who  would  attempt  cardiac  diagnosis. 
Clean-cut  cardiac  lesions  are  not  particularly 
common,  and  the  combined  lesions  that  may 
appear  often  tax  the  skill  of  the  best  intern- 
ist with  his  various  methods  of  investiga- 
tion. Certain  stages  in  various  cardiac  dis- 
orders produce  shapes  of  the  heart  outline 
that  are  almost  identical.  If.  instead  of 
trying  to  make  a  diagnosis,  the  roentgenolo- 
gist sends  the  internist  a  description  of  the 


Fig.  26.  Multiple  Aneurysms.  Case  No.  231966.  P.  H. 
No  children's  diseases.  One  child  lived  to  be 
twenty-one  but  died  of  tuberculosis.  Four  mis- 
carriages. "Gastric  catarrh"  evidenced  by  abdom- 
inal distress  and  backache  for  many  years.  Married 
thirty  years.  Says  husband  is  well.  No  alcohol. 
P.  L  For  past  five  months  she  has  had  an  attack 
of  dizziness  and  vomiting  about  once  a  week.  At- 
tacks last  one  or  two  days.  Well  between  attacks. 
At  times  she  has  a  pain  in  the  back  which  is  made 
worse  by  exertion  and  on  several  occasions  has 
been  transmitted  down  the  arm  (left)  and  accom- 
panied by  tingling  in  the  fingers.  Progressive  loss 
in  weight,  70  pounds  in  four  years. 

P.  E.  White  woman.  Age  fifty.  Weight  ICO 
pounds.  Small  pulsating  mass  felt  and  seen  in  the 
base  of  the  neck  on  the  right  side.  Systolic  bruit 
heard  over  this  tumor.  Firm,  round,  somewhat 
tender  pulsating  mass  in  upper  right  quadrant  of 
abdomen  about  the  size  of  an  orange.  No  bruit 
heard  over  this  tumor.  Heart  sounds  regular, 
rapid  and  of  fair  quality.  A:  greater  than  Pj. 
Slightly  accentuated.  Loud  blowing  systolic  mur- 
mur at  the  base  heard  best  over  the  aortic  area  and 
transmitted  to  the  neck.  No  thrills.  Blood-pressure 
225/140.  Arterial  walls  palpable,  tortuous,  and 
markedly  sclerosed.  Urine  shows  a  slight  trace  of 
albumin  and  a  few  red  and  white  cells  at  two 
examinations.  Red  count  3,000,000.  Hbg.  70  per 
cent.  Wassermann  negative. 


cardiac  shadow  and  states  whether  or  not  it 
is  enlarged  and  denotes  the  chambers  or  ves- 
sels which  show  enlargement,  he  is  rendering 
a  service  that  is  based  on  sound  scientific 
principles,  and  one  that  should  be  deeply 
appreciated  by  the  physician  receiving  the 
report. 
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SUMMARY 

1.  The  cardiothoracic  ratio  offers  an  easy 
and  accurate  method  of  determining  cardiac 
enlargement. 

2.  The  demonstration  of  a  small  heart  is 
often  as  helpful  as  the  demonstration  of  a 
large  one. 

3.  Diseases  of  the  myocardium,  endo- 
cardium, pericardium,  great  vessels  and  kid- 
neys produce  cardiac  shadows  of  different 
shapes,  some  of  which  may  be  used  as  points 
in  differential  diagnosis. 

I  wish  to  express  my  deep  appreciation 
of  the  assistance  rendered  me  by  Dr.  Geo. 
W.  Holmes,  Dr.  William  H.  Smith  and  Dr. 
Paul  White.  Without  their  aid  and  instruc- 
tion the  preparation  of  this  paper  would 
have  been  impossible. 


BIBLIOGRAPHY 

1.  Williams,   F.    H.   Med.   Contmunicat.  Mass.   M. 

Soc,  Boston,  1899,  xvii,   175-188. 

2.  Groedel,  F.  M.  Die  Rontgendiagnostick  der  Herz 

und  Gefdsserkrankungen,  Berlin,   1912. 

3.  Vaquez  and  Bordet.  Le  cociir  et  I'aorte,  Ed.  2, 

1918. 

4.  Holmes  and   Ruggles.   Roentgen   interpretation, 

1921. 

5.  Danzer,  C.  S.  Am.  J.  M.  Sc,  April,   1919. 

6.  Shattuck,  George  C.  Boston  M.  &■  S.  J.,  Mar. 

16,   1916,  clxxiv,  384. 

7.  CoHN,  Alfred  E.  Arch.  Int.  Med.,  xxv,  499-521. 

8.  Smith,  Bertnard.  Arch.  Int.  Med.,  xxv,  522-536. 

9.  Holmes,  George  W.  Am.  J.  Roentgenol,  vii,  7-15. 

10.  Lyter,  J.  Curtis.  Am.  J.  M.  Sc.,  June,  1920. 

11.  Martin,  Charles  L.  /.  Am.  M.  Assn.,  Mar.  13, 

1920,  Ixxiv,  723-731. 

12.  Smith  and  Kilgore.  Am.  J.  M.  Sc,  April,  1915, 

cxlix,  503. 

13.  HuBENY,   M.   J.   Am.  J.   Roentgenol,  Jan.,   1920, 

vii,  23-26. 


AN  ANALYSIS  OF  ELEVEN  HUNDRED  ROENTGEN  EXAM- 
INATIONS  OF  THE  GASTROINTESTINAL  TRACT* 

By  ROBERT  H.  LAFFERTY,  M.D. 

Charlotte  Sanatorium 

CHARLOTTE,   NORTH    CAROLINA 


TN  making  an  analytical  study  of  the  symp- 
-*-  toms  and  roentgen  findings  in  a  series 
of  cases,  there  is  much  additional  informa- 
tion that  one  would  seek  if  it  were  possible 
again  to  marshall  the  host  before  him.  He 
would  note  the  previous  operations  very 
carefully.  He  would  pin  the  patient  down  to 
some  definite,  outstanding  symptom,  instead 
of  accepting  the  vague  replies  that  are  made, 
as  "indigestion,"  "gas,"  "general  discom- 
fort," etc.  So  we  find  in  reviewing  our  cases 
that  there  are  many  points  we  would  like  to 
know.  We  have  tried  to  work  with  an  open 
mind,  inquiring  into  these  points  after  our 
diagnosis  was  formed,  consequently  some 
points  were  necessarily  overlooked. 

In  this  series  we  try  to  note  the  principal 
symptom,  or  at  least  the  symptom  that  drove 
the  patient  to  seek  medical  attention.  It  has 
been  difficult  to  follow  the  cases  because  the 


work  was  done  in  different  hospitals,  and 
often  the  patients  came  from  doctors  and 
surgeons  in  distant  towns  and  returned  to 
them  for  treatment;  so  the  operative  and 
clinical  findings  were  not  always  secured. 

There  were  two  conditions  that  led  to 
this  study.  First,  the  frequency  of  the  epi- 
gastric pain  as  a  presenting  symptom,  often 
resulting  from  pylorospasm,  due  to  appendix 
or  some  other  exciting  cause.  Second,  the 
frequency  of  the  occurrence  of  chest  pathol- 
ogy in  the  cases  presenting  gastric  troubles. 
When  the  study  was  almost  finished  I  was 
pleased  to  hear  a  paper  by  Drs.  Christie  and 
Groover^  on  this  latter  subject  at  a  meeting 
of  The  American  Roentgen  Ray  Society. 

This  series  of  gastro-intestinal  cases  num- 
bered eleven  hundred,  and  showed  the  pro- 
portion between  male  and  female  to  be 
almost  equal,  women  516,  men  584. 


*Thesis  presented  with  application  for   membership  in  The  American  Roentgen  Ray  Society. 
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TABLE  I 

PRESENTING   SYMPTOMS 

Vague  digestive  and  nervousness 390 

Epigastric  pain 207 

Right  side  pain 180 

General  abdominal  discomfort 139 

Gas      .      .      • 66 


Biliousness  and  vomiting 
Headache  and  nausea 

Diarrhea        

Difliculty  in  swallowing  . 
Abdominal  mass     . 
Constipation       .... 
Pain  in  left  side    . 

Jaundice 

Anemia 

Cerebral   symptoms 

Urticaria 

Obstruction        .      •      .      . 
Vomiting  blood 

Epilepsy 

Paralysis  agitans    . 

Rectal  pain 

Loss  of  weight 
General  arthritis    . 


36 
14 
12 
II 

9 

8 

7 
4 
4 


In  the  series  the  largest  number,  390,  came 
complaining  of  general  indigestion,  or  indi- 
gestion and  nervousness  and  malaise.  Thev 
are  classed  in  the  table  as  "Vague  Digest- 
ive". The  next  in  frequencv  was  207  epi- 
gastric pain.  These  cases  varied  from  intense 
hunger  pain  to  the  vague  discomfort,  and 
include  those  subjective  symptoms  upon 
which  the  clinician  usually  bases  his  diag- 
nosis of  ulcer. 

Following  this,  we  find  right  side  pain 
with  180  cases.  I  have  not  attempted  to 
classify  this  symptom.  It  includes  the  pain, 
front  and  back,  high  and  low,  on  the  right 
side,  and  the  number  seemed  sufficient  to 
demand  attention.  Of  the  physician's  hefc 
noir,  left  side  pain,  I  note  only  seven  cases. 

Next  we  notice  a  symptom  that  is  really 
rather  common,  general  abdominal  discom- 
fort, with  139  cases.  This,  like  indigestion, 
covers  a  multitude  of  sins,  varying  every- 
where from  a  fullness  to  a  diffuse,  general 
pain,  a  complaint  which  is  even  more  com- 
mon than  this  number  would  indicate.  While 
in  this  series  there  are  only  ten  or  fifteen 
colored  patients,  we  might  say  that  one 
rarely  sees  a  patient  of  this  race  from  whom 
this  symptom  cannot  be  elicited. 

Following  this  come  66  cases  with  a  group 


of  symptoms  that  the  general  practitioner 
meets  frecjuently.  The  patients  give  a  list  of 
symptoms  generally  starting  with  "gas," 
"sour  stomach,"  "heart  burn,"  "belching," 
etc.,  and  if  they  are  "fair,  fat  and  forty" 
the  clinician  thinks  of  some  gallbladder 
trouble. 

The  next  36  cases  present  symptoms  that 
also  sound  familiar — frequent  bilious  attacks 
with  vomiting  of  bile  and  often  nervousness 
and  sick  headache. 

The  other  symptoms  shown  in  Table  i 
need  no  discussion  since  they  represent  a 
rather  large  variety  and  very  few  are  of 
special  interest. 

Now  in  regard  to  the  roentgen  findings, 
since  some  cases  present  two  or  more  pathol- 
ogic conditions  which  are  difficult  to  tabulate, 
but  where  a  certain  condition  is  the  most 
noticeable,  this  is  chosen.  There  are  only  107 
cases  reported  as  negative,  but  if  the  list 
were  culled  carefully  other  cases  would  fall 
under  this  head,  since  findings  were  reported 
other  than  those  which  pertain  to  the  gastro- 
intestinal lesions. 

While  the  most  frequent  diagnosis  made 
is  the  appendix,  and  while  I  am  fully  con- 
vinced that  it  does  influence  the  digestive 
tract,  the  writer  agrees  with  Pfahler"  and 
others  in  regard  to  this  much  maligned 
organ,  and  believes  that  if  the  patient  with 
a  barium  meal  is  constantly  watched,  at 
some  hour  during  its  passage  the  organ  can 
generally  be  demonstrated.  But  here  I  have 
classed  as  chronic  1 17  of  the  301  cases,  these 
being  the  cases  that  showed  adhesions,  ten- 
derness or  constriction,  or  that  retain  barium 
some  time  after  the  cecum  is  emptied.  The 
141  that  are  reported  as  simply  patulous, 
while  they  were  not  pathological  were  con- 
ceded to  be  potentially  so.  Furthermore, 
those  combined  with  stasis  and  ulcer  were 
most  probably  of  the  chronic  type.  It  is  inter- 
esting to  note  that  33  per  cent  of  duodenal 
ulcer  cases  were  accompanied  by  a  patulous 
and  chronic  appendix.  Attention  of  the 
gastro-enterologist  and  surgeon  was  called  to 
this  and  in  many  cases  a  pathological  appen- 
dix was  found.  Certainly  the  occurrence  is 
frequent  enough  to  suggest  to  us  the  plausi- 
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bility  of  a  theory  as  to  the  cause  of  cUiodenal 
ulcer,  viz.,  that  the  chronic  appendix  reflexlv 
causes  a  pylorospasm  or  duodenospasm,  and 
that  this  is  followed  or  accompanied  bv  a 
hyperacidity,  possibly  causing  or  contribut- 
ing to  an  erosion  which  gives  a  seat  for  the 
invading  organism. 

Of  the  class  of  cases,  numbering  46,  diag- 
nosed as  dilated  duodenum,  which  showed  as 
a  rule  the  symptoms  outlined  by  Vander- 
hoof^ — nausea  and  vomiting,  bilious  attacks, 
headaches  and  nervousness — manv  w^re  due 
to  extreme  ptosis  of  the  stomach,  some  to 
adhesions,  and  one  or  two  were  accompanied 
by  lordosis.  Only  one  was  of  the  extreme 
type  referred  to  by  Engelbach'*  and  I  believe 
only  one  came  to  operation. 

In  regard  to  chest  conditions,  although 
they  are  amply  sufficient  to  demand  consid- 
eration, we  do  not  have  quite  as  large  a 
percentage  as  in  the  series  of  Christie  and 
Groover.^  This  is  possibly  due  to  the  fact 
that  only  in  the  cases  in  which  routine  fluoro- 
scopic observation  seemed  to  indicate  did  we 
make  a  plate  for  careful  study.  The  lungs 
showed  pathology  in  47  cases  and  the  heart 
and  aorta  in  29  cases,  giving  a  little  over  7 
per  cent  in  which  the  chest  patholog}'  was  at 
fault.  This  does  not  include  man}'  cases  in 
which  there  was  pathologv  here  and  a  frank 
lesion  in  the  alimentarv  tract,  but  only  those 
cases  in  which  this  condition  was  the  prin- 
cipal lesion  observed. 

In  our  laboratory  it  is  almost  a  routine  to 
examine  the  teeth,  certainly  any  suspicious 
ones.  And  in  these  thirtv-one  cases,  while  the 
rest  of  the  alimentarv  tract  was  negative, 
they  were  considered  sufficiently  bad  to 
suggest  that  they  might  be  causing  some 
trouble. 

In  regard  to  the  liver  and  gallbladder 
region,  the  pathology  was  located  here  in  1 1  o 
cases;  35  of  these  carried  a  report  that  we 
dislike  to  give — "suspicious  gallbladder," 
but  since  evidence  was  not  conclusive  this 
term  was  used.  I  am  unable  to  say  how 
many  of  the  22  reported  as  gallstones  were 
confirmed  by  operation,  certainly  the  ma- 
jority. 


The  frequency  of  cancer  in  this  series  has 
been  striking,  but  this  I  believe  is  explained 
bv  the  fact  that  our  clientele  comes  from  a 
large  area  of  country,  and  that,  as  is  well 
known,  these  cases  go  to  specialists  only  as 
a  last  resort. 

TABLE  II 

ROENTGEN    FINDINGS 

Xegative 107 

Appendix 301 

with  ulcer 21 

with  stasis •      .      .       22 

chronic 117 

patulous         141-301 

Stasis   colon 79 

Stasis   small   intestine 4 

Spastic  constipation 53 

Duodenal   ulcer 28 

Gastric  ulcer 28 

Pylorospasm 18 

Dilated    duodenum •  46 

Gallstones 22 

Suspicious  gallbladder 35 

Cholecystitis  gallbladder 39 

Kidney  stones 9 

Cancer 55 

Gastric     .      • 32 

Colon 7 

Rectum 2 

Gallbladder  and  liver 9 

Esophagus     4 

Pancreas i — 55 

Cardiospasm 6 

Diverticulum  of  esophagus •  i 

Dilated  heart  and  aorta 29 

Pulmonary  tuberculosis 47 

Bad   teeth 31 

Intestinal  obstruction        ........  2 

Pyloric  stenosis ;  2 

Colitis 31 

Gastritis 2 

Duodenitis 2 

Incompetent    ileocecal 13 

Ulcer  rectum 3 

Adhesion   ileocecal 23 

Al)scess    sub-diaphragm         2 

Abscess  liver  (amebic) i 

Abscess  pelvis         ■ i 

Abscess  spleen         i 

Ptosis  stomach 20 

Ptosis   colon 7 

Ptosis  intestines 9 

Ptosis  kidney 6 

Syphilis  stomach 9 

Syphilis  liver 2 

Pelvis  tumor i 

Hernia  with  adhesions 3 

Hyperthyroid 7 

Redundant  colon 2 

1 100 
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Under  the  head  of  pylorospasm,  used  here 
in  the  sense  of  irritable  or  spastic,  there  are 
only  1 8  cases.  There  is  always  a  cause  for 
this  condition  but  these  represent  the  cases 
in  which  no  cause  was  located.  My  observa- 
tion has  been  that  it  generally  manifests 
itself  in  epigastric  pain,  which  brings  me  to 
the  study  of  the  207  cases  presenting  this 
symptom.  (See  Table  III.) 

TABLE  III 

EPIGASTRIC    PAIN 

Chronic  appendix 75 

Duodenal   ulcer 44 

Gastric  ulcer 18 

Pylorospasm 14 

Duodenal  ulcer  and  appendix 15 

Gastric  carcinoma 7 

Gallbladder  with  pylorospasm 6 

Kidney  stones  with  spasm 5 

Cecal   adhesions 5 

Spastic  constipation 5 

Bad  teeth  and  spasm  .      • 4 

Negative 4 

Dilated  aorta 2 

Duodenitis 2 

Dilated  duodenum       .........  i 


207 


Of  the  findings  in  these  cases  the  ulcer 
cases,  carcinoma,  and  possibly  the  cases  of 
duodenitis,  or  about  86  cases,  would  cover 
those  having  sufficient  lesion  to  explain  the 
pain.  In  the  remaining  121,  the  pain  must 
have  been  due  to  pylorospasm;  in  all  but 
14  there  was  some  cause  found,  and  I  feel 
that  if  a  closer  study  could  have  been  made 
in  the  cases  marked  "Pylorospasm"  alone, 
the  cause  might  have  been  determined.  It  is 
striking  to  observe  how  many  cases  of 
chronic  appendix  were  observed  here,  also 
the  frequency  of  the  location  of  the  lesion 
elsewhere,  as  kidney,  gallbladder,  and  colon. 

There  are  many  other  interesting  points 
that  have  arisen  in  the  study  of  these  cases, 
but  it  is  not  necessary  to  mention  them  at 
this  time. 

I  wish  to  thank  Dr.  W.  O.  Nisbet  and  my 
other  associates  for  their  assistance  in 
working  up  these  cases. 
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CONGENITAL  ATRESIA  OF  THE  ESOPHAGUS* 

By  E.  H.  skinner,  M.D. 


KANSAS    CITY,    MISSOURI 


THE  rarity  of  case  reports  upon  congen- 
ital atresia  of  the  esophagus  in  roentgen 
literature  prompts  a  report  of  the  following 
case  seen  in  consulation  with  Dr.  Frank  C. 
Neff,  of  Kansas  City. 

In  this  condition  the  upper  third  of  the 
esophagus  usually  ends  in  a  blind  cul-de-sac 
which  is  often  dilated  (Adami,  Page  397). 
The  lower  part  may  be  absent  completely, 


cause  not  known.  Parents  well.  This  child 
was  two  weeks  premature,  but  delivery  was 
normal.  Vomited  all  the  milk  immediately 
after  each  breast  nursing. 

This  baby  was  seen  in  consultation  upon 
the  fourth  day  of  life  and  appeared  to  be 
well  nourished,  with  a  grunting  respiration 
and  normal  temperature,  no  pyloric  tumor, 
no  peristaltic  wave,  and  with  a  history  of 


Fig.  I.  Antero-posterior  projection  showing  complete 
obstruction  of  the  esophagus  above  the  atresia 
with  dilatation. 

or  the  lower  portion  forms  a  fistulous  open- 
ing into  the  trachea  or  bronchus.  The  embry- 
ological  explanation  of  these  cases  is  lacking. 
Cautley  classifies  malformation  of  the 
esophagus  into  eight  general  divisions.  His 
article  is  quite  expansive  and  it  should  be 
consulted  by  anyone  interested  in  following 
up  this  kind  of  case. 

CASE     REPORT 

Baby  V.  H.,  girl,  born  October  25,  1920, 
weight  six  and  one-half  pounds.  Four 
brothers  living  and  well ;  one  sister  dead, 
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Fig.     2.     Oi 
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irojecLioii     showing     the     same 
condition. 


having  vomited  every  nursing,  although  the 
child  appeared  to  be  hungry  and  nursed 
eagerly. 

The  little  patient  was  brought  to  the  lab- 
oratory sandwiched  between  two  hot  water 
bottles.  Barium  was  mixed  into  breast  milk 
in  a  nursing  bottle.  The  baby  eagerly  nursed 
this  from  the  bottle.  The  fluoroscopic  exami- 
nation showed  a  cul-de-sac  formation  reach- 
ing just  below  the  clavicle  to  the  level  of  the 
fourth  dorsal  vertebra.  It  was  of  a  character 
and  size  frequently  seen  in  adults  suffering 
with   a    Zenker's   diverticulum.    The   lower 

of  The  .American  Roentgen  Ray  Society,  St.  Louis,  Mo., 
,  1921. 


320 


Congenital  Atresia  of  the  Esophagus 


margin  of  this  pouch  was  smooth  and  roun- 
ded with  absolutely  no  evidence  of  any 
canalization  of  the  lower  two-thirds  of  the 
esophagus  As  soon  as  the  cul-de-sac  was 
filled  with  the  barium  suspension  the  child 
began  to  vomit  but  did  not  relieve  the  cul- 
de-sac  entirely. 

The  attached  illustrations  were  taken  in 
the  dorsal  position  of  the  patient  and  in  the 
antero-posterior  and  lateral  planes.  They 
represent  quite  exactly  the  size  and  outline 
observed  with  the  fluoroscope. 

The  subsequent  history  of  the  case  is 
brief.  Inasmuch  as  inanition  was  imminent 
and  complete  obstruction  apparent,  a  gas- 
trostomy was  performed  the  following  day 
and  the  baby  lived  forty-eight  hours  follow- 
ing the  operation,  during  which  time  two 
teaspoonfuls  of  breast  milk  and  warm  water 
were  fed  through  the  fistulous  opening  into 
the  stomach  every  hour. 

The  autopsy  revealed  that  the  esophagus 
ran  down  to  the  level  of  the  bifurcation  and 
ended  in  the  form  of  a  pouch  with  a  fibrous 
band  attaching  it  to  the  trachea.  Extending 
up  from  the  cardiac  end  of  the  stomach  was 
the  lower  portion  of  the  esophagus  with  a 
patent  lumen  for  about  2  cm.  At  this  point 
it  disappeared,  becoming  fused  with  the 
mediastinal  tissue.  The  stomach  was  small 
but  of  normal  development. 

This  case  corresponds  with  type  7  (b)  as 
classified  by  Cautley. 

There  have  been  two  case  reports  of  the 
atresia  of  the  esophagus  in  American  pedi- 
atric journals,  which  also  carry  roentgen  il- 
lustrations. These  are  cited  in  the  following 
bibliography. 


4.  Brexnemann,  Joseph.  Avi.   J.   Dis.    Child.,   1913, 

V,  143- 

5.  Adami.  Principles  of  Pathology,  ii,  397. 

DISCUSSION 

Dr.  A.  W.  Crane.  Some  years  ago  we  had  a 
case  of  atresia  of  the  esophagus  which  was 
exactly  the  same  as  the  case  just  reported. 
After  the  baby's  death  we  brought  the  body  to 
the  office  and  did  a  postmortem.  We  injected  a 
barium  mixture  into  the  stomach  through  the 
pylorus.  This  mixture  filled  the  esophagus 
from  below,  and  when  .^r-ray  plates  were  made, 
an  anastomosis  of  the  lower  esophagus  with 
the  trachea  became  apparent. 

There  have  been  quite  a  number  of  cases 
reported  at  the  Chicago  clinics.  In  all  of  these, 
so  far  as  we  have  records,  a  communication 
between  the  lower  portion  of  the  esophagus 
and  the  respiratory  apparatus  was  found. 
Death  would  of  course  invariably  result  in  all 
of  these  cases. 

Dr.  L.  T.  LeWald.  We  had  a  case  of  this 
sort  in  which  demonstration  was  made  by  a 
catheter  passed  into  the  esophagus,  and  then 
an  .r-ray  exposure  was  made  which  show-ed 
the  point  of  obstruction. 

In  all  the  cases  of  this  sort  observed  at  the 
New  York  Lying-in  Hospital  there  was  a  com- 
munication between  the  lower  portion  of  the 
esophagus  and  the  respiratory  tract. 

I  would  like  to  ask  Dr.  Skinner  if  there  was 
any  communication  in  his  case? 

I  know  of  four  or  five  cases  which  have 
been  operated  upon  unsuccessfully  because  the 
communication  between  the  stomach  and  the 
respiratory  tract  was  not  recognized.  The  sur- 
geon should  close  the  cardiac  end  of  the 
stomach  in  addition  to  performing  a  gastros- 
tomv. 
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Dr.  E.  H.  Skinner.  Replying  to  Dr. 
LeWald ;  there  was  no  trachea-esophageal  fis- 
tula in  this  case.  Such  types  are,  however, 
more  frequently  encountered. 


X-RAY  WORK  FROM  THE  VIEWPOINT  OF  AN  INTERNIST 


By  GEORGE  DOCK,  M.D. 


ST.    LOUIS,     MISSOURI 


T  CANNOT  appear  before  this  bodv  with- 
-*■  out  thanking-  your  President  for  the 
honor  conferred  on  me  by  the  invitation. 
Coming  from  him,  it  seemed  a  command  as 
well  as  an  invitation,  for  I  am  under  an  old 
debt  of  gratitude  to  him  for  his  keen  and 
enthusiastic  cooperation  in  my  clinic  before 
he  took  up  the  work  to  which  he  has  since 
devoted  himself  with  great  success. 

I  have  other  reasons  for  appreciating  the 
invitation  to  address  your  meeting.  I  have 
had  a  long-standing  interest  in  .t'-ray  work 
and  have  been  in  almost  daily  contact  with 
roentgenologists  since  I  was  initiated  into 
the  possibilities  by  such  masters  as  Crane, 
Hickey  and  Hulst.  Nor  can  I  forget  that 
cheerful  co-laborer,  Vernon  Willey,  whose 
death  cut  short  so  much  promise.  Later  I 
had  the  association  of  the  genial  Granger  in 
New  Orleans,  and  of  Russell  Carman  and 
Walter  Mills  here.  I  began  with  the  crude 
fluoroscopy  of  the  earliest  days,  guided  by 
technicians  skilled  only  in  electricity  and 
photography,  but  soon  I  realized  the  great 
extent  and  seriousness  of  the  subject  and 
was  glad  to  depend  upon  experts  with  w'hom 
I  have  long  worked  intimately,  combining 
thus  the  clinical  and  radiological  points  of 
view. 

I  shall  speak  chiefly  from  the  clinical 
standpoint,  but  as  one  who  finds  radiology 
as  indispensable  as  percussion  or  the  micro- 
scope, and  demanding  the  same  devotion  to 
make  it  a  success.  This  leads  to  some  con- 
sideration of  specialists,  concerning  whom 
so  much  has  been  said,  and  so  much  that  is 
contradictory.  The  contradictions  have  often 
been  due  to  the  differences  in  specialists  and 
specialties,  and  those  relating  to  roentgenol- 
ogists will  be  repeated  in  the  case  of  many 
other  technical  methods  in  future  as  they 
have  in  the  past. 

Novelties  in  medical  diagnosis  are  taken 
up  and  cultivated  by  people  of  all  ages  and 


degrees  of  experience  or  inexperience.  If 
the  work  is  of  a  kind  rec[uiring  not  only  skill, 
but  also  complex,  costly  and  rapidly  chang- 
ing apparatus,  it  cannot  be  taken  over  gen- 
erally as  can  simpler  methods.  We  can  com- 
pare physical  diagnosis  or  urinary  micro- 
scopy and  the  simple  urine  chemistry  on  the 
one  hand  with  serology,  radiology  and  blood 
chemistry  on  the  other.  The  work  then  forms 
not  a  medical  specialty,  like  ophthalmology 
or  internal  medicine,  but  a  technical  spec- 
ialty. If  the  one  who  cultivates  it  has  little 
or  no  medical  training  he  remains  a  tech- 
nician unless  by  a  combination  of  mental 
gifts,  opportunity  and  hard  work  he  acquires 
the  other  necessary  knowledge.  The  more 
widely  experienced  man  who  cultivates  a 
new  technical  method,  accjuires  the  physical 
equipment  and  uses  it  along  with  his  other 
methods,  becomes  of  course  a  broader  and 
more  efficient  man  than  he  was  before,  a 
higher  type  of  specialist.  If  he  chooses  to 
hand  over  the  more  mechanical  part  of  the 
work  to  an  assistant  or  servant,  he  is  still  at 
an  advantage  over  those  who  have  all  that  he 
has  except  the  finished  technical  knowledge, 
just  as  he  also  has  an  advantage  over  the 
technician,  no  matter  how  much  of  a  virtu- 
oso the  latter  may  be.  If  such  a  man  as  I 
have  described  has  a  fairly  large  amount  of 
work,  if  he  does  original  investigating,  keeps 
up  with  the  literature  of  the  subject,  attends 
special  meetings,  visits  other  laboratories, 
imparts  his  knowledge  to  others  through  ad- 
dresses, articles  and  books,  he  occupies  just 
as  important  a  position  as  any  specialist  and 
will  have  the  same  sort  of  recognition.  At 
another  end  of  one  class  we  find  a  specialist 
who  cultivates  roentgenology  only  as  an  aid 
to  his  clinical  work — the  tuberculosis  special- 
ist, gastro-enterologist,  etc.,  wdiose  work  will 
be  legitimate  if  it  is  good. 

As  in  other  lines  of  medicine  the  differ- 
ence in  the  ability  of  roentgenologists  is  not 
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known  by  the  public,  or  even  by  all  physi- 
cians in  their  spheres  of  activity.  So  we  see 
men  asked  fo  make  diagnoses  or  to  do  opera- 
tions for  which  they  are  not  fitted ;  to  refuse 
to  act  is  sometimes  more  than  human  nature 
can  stand,  but  consent  is  fraught  with  dan- 
ger to  patient  and  reputation.  Not  even  or- 
ganizations such  as  special  societies  or  na- 
tional "colleges"  can  stop  this,  nor  probably 
anything  else  except  greater  enlightenment 
and  publicity  regarding  medical  work. 

There  is  room  in  every  city  of  considerable 
size  for  roentgenologists  of  the  highest  type. 
Other  specialists  will  be  glad  to  obtain  their 
services  in  many  cases.  Family  physicians 
and  general  practitioners  must  constantly 
call  on  them  for  assistance.  But  many  such 
specialists  will  suffer  from  the  necessity  of 
covering  too  large  a  field  ever  to  become 
preeminent  in  any  one  department,  such  as 
bone,  chest  or  gastro-intestinal  work.  It  will 
probably  be  best  for  the  roentgenologic 
specialist  to  speciaHze  still  more,  and  it 
would  be  well,  where  there  is  more  than  one 
in  a  city,  for  each  to  restrict  his  work  to  the 
line  or  lines  in  which  he  is  most  skilled.  In 
this,  as  in  so  many  other  aspects  of  medical 
life,  cooperation  offers  the  most  desirable 
conditions  for  work,  and  a  group  of  roent- 
genologists might  also  be  part  of  a  larger 
and  more  varied  group  of  specialists,  until 
they  form  the  most  complete  team. 

Roentgenology  furnishes  an  interesting 
light  on  changing  conditions  in  medical  econ- 
omy. Formerly  hospitals  and  medical  scools 
were  the  nurseries  for  new  and  developing 
technical  methods  and  technicians,  but  both 
these  kinds  of  institutions  are  likely  to  have 
restricted  budgets,  and  it  is  often  impossible 
for  them  to  furnish  the  few  or  manv  thou- 
sand dollars  necessary  to  equip  and  conduct 
such  a  thing  as  an  jr-ray  department  or  a 
radium  supply,  just  as  it  is  impossible  to 
equip  and  conduct  a  chemical  laboratory  or 
modern  bacteriological  laboratory  or  heart 
station.  Those  who  work  in  universities,  as 
a  rule,  have  no  private  capital  for  such  pur- 
poses, and  so  the  demands  can  usually  be 
met  only  by  specialists  with  large  practices. 


or  by  groups  of  specialists  with  initiative  as 
well  as  credit. 

Leaving  this  rather  material  but  essential 
phase  of  the  subject,  let  me  consider  another. 
An  important  fact  about  medical  diagnosis, 
often  overlooked,  found  in  .r-ray  as  it  is  in 
other  kinds  of  work,  is  that  positive  findings 
are,  as  a  rule,  of  limited  application,  and 
must  be  combined  with  others  to  give  them 
clinical  value.  It  has  taken  a  long  time  for 
physicians  to  recognize  these  truths,  and 
many  do  not  bear  them  in  mind  even  now. 
For  centuries  there  was  a  search  for  pathog- 
nomonic signs,  and  these  were  but  slowly 
relegated  to  a  subordinate  place  as  their  lack 
of  certainty  was  demonstrated ;  but  each  new 
method  still  revives  the  same  sort  of  hope. 
Dozens  of  methods  of  percussion  have  been 
devised,  and  hundreds  of  stethoscopes  in- 
vented, with  the  hope  that  each  one  would 
give  unequivocal  results.  Hundreds  of  men 
worked  at  urea  determinations  believing 
that  if  they  could  only  get  the  right  method 
they  would  end  all  trouble  in  the  diagnosis 
of  protein  metabolic  errors,  gout  rheumatism 
and  what  not.  Men  have  deluded  themselves 
into  searching  for  cancer  cells,  for  cells 
characteristic  of  limited  areas,  such  as  the 
ureters  and  the  renal  pelvis.  Even  now, 
although  the  fallacy  has  been  known  for 
years,  men  will  titrate  for  hydrochloric  acid 
in  stomach  contents,  solely  to  recognize  or 
exclude  cancer  of  that  organ,  and  for  some 
years  many  will  think  that  a  basal  metab- 
olism determination  will  save  all  the  minute 
examinations  of  a  large  and  varied  clinical 
material.  In  roentgenology^  many  had  an 
idea  in  the  beginning  that  with  its  aid  one 
could  do  for  a  gastric  ulcer  or  tumor  what 
the  gastroscope  had  failed  to  do — make  it 
it  visible  as  certainly  as  the  ophthalmoscope 
makes  retinal  hemorrhage  or  a  choroiditis 
visible. 

The  truth  is  that  discoveries  in  diagnosis 
do  not  shorten  or  make  easier  the  work  of 
diagnosis.  They  make  it  more  accurate,  they 
make  it  fuller,  but  only  by  enlarging  the 
manual  work  of  the  diagnostician  and  calling 
for  a  greater  capacity  for  generalizing.  The 
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same  sort  of  disappointment  followed  the 
finding  of  tubercle  bacilli  that  so  often  fol- 
lows the  fluoroscopy  or  skiagraphy  of  the 
thorax  in  certain  cases.  In  each  case  one 
hoped  that  the  tedious  task  of  history-taking, 
physical  examination  and  repeated  physical 
examination  and  of  laboratory  tests  would 
be  avoided.  The  dream  was,  and  still  is,  to 
endeavor  to  detect  and  treat  the  disease, 
instead  of  treating  the  patient.  Very  slowly 
do  the  real  facts  appear,  and  these  have 
different  values  for  each  method  of  manipu- 
lation. So  the  finding  of  tubercle  bacilli  in 
the  sputum  is  positive  evidence  of  tubercu- 
losis, but  where,  how  much,  in  what  form 
or  stage,  how  virulent  and  all  the  rest  of 
the  patient's  condition,  must  be  worked  out 
by  other  methods.  The  finding  of  elastic 
tissue  in  sputum  was  once  expected  to  do 
what  it  was  later  hoped  tubercle  bacilli  would 
do — shorten  the  task  of  diagnosis.  It  was 
long  since  abandoned  for  that  purpose,  and 
is  not  used  now  as  much  as  it  should  be,  for 
it  is  easy  to  find  when  present,  and  when 
found  gives  proof  of  a  fact  that  cannot  be 
demonstrated  as  certainly  in  any  other  way. 
including  the  use  of  A"-rays,  viz.,  the  breaking 
down  of  the  lung,  or  cavity-formation. 
But  here  too  the  situation  and  extent  of  the 
breaking  down  must  be  worked  out  by  other 
methods,  including  roentgenologic  ones. 

Here  I  may  be  allowed  to  comment  on 
some  of  the  features  of  lung  diagnosis  with 
reference  to  .r-rav  work.  The  application  of 
.r-rays  to  lung  pathology  was  no  greater 
innovation  in  its  time  than  the  use  of  per- 
cussion and  auscultation  a  century  earlier. 
Both  the  latter  became  useful  very  soon 
after  they  were  applied,  because  they  had 
been  tested  by  the  results  of  other  clinical 
methods  and  of  postmortem  examination  by 
their  discoverers  and  others.  Not  only  what 
they  could  reveal,  but  what  they  could  not 
reveal,  were  made  clear  within  a  short  time 
of  their  application.  Only  details  were  added 
later,  and  these  depended  upon  other  new 
technical  methods,  or  upon  additions  to 
pathologic  anatomy  and  etiology. 

Roentgenographic  methods  as  applied  to 
the    lungs    do    not    differ    essentially    from 


auscultation  and  percussion.  All  depend 
largely  on  differences  in  density  of  the 
structures  concerned,  and  on  physical  facts 
relating  to  density.  There  is  another  simil- 
arity. Auscultation  and  percussion  are 
strongly  personal  methods,  affected  by  the 
special  senses,  tact  and  technical  skill  and 
by  experience  and  accurate  thinking  on  the 
part  of  the  examiner.  I  think  that  in  roent- 
genology the  same  qualities  are  all  necessary, 
with  the  additional  drawbacks  of  the  freaks 
of  machinery  and  electric  currents,  of 
screens,  plates  and  reagents.  The  same  things 
that  affect  auscultation  and  percussion  in  the 
body  of  the  patient — thickness  of  chest  wall, 
size  of  thorax — affect  the  fluoroscopic  pic- 
ture and  the  skiagram.  I  think  it  is  a  fact 
that  .r-ray  work  on  the  lungs  was  not  con- 
trolled by  anatomic  investigation  to  the 
same  degree  that  auscultation  and  percussion 
were.  This  was  due  partly  to  a  general  de- 
cline in  postmortem  examinations  that  seems 
to  be  getting  worse  instead  of  better,  and 
further  due  to  conditions  too  complicated  to 
consider  in  detail  at  this  time.  But  it  de- 
pended also,  I  think,  very  largely  on  the  fact 
that  many  .r-ray  specialists  had  little  knowl- 
edge of  lung  diseases,  and  especially  had  no 
familiarity  with  either  the  gross  or  micro- 
scopic conditions  in  lung  diseases.  Yet  on 
account  of  the  striking  results  of  .r-ray  ex- 
aminations of  bones,  early  roentgenologists 
were  forced  into  the  position  of  lung  diag- 
nosticians with  extraordinary  powers. 

The  sources  of  difficulty  in  roentgenologic 
examinations  of  the  lungs  did  not.  in  the 
beginning,  and  do  not  now  seem  to  be  rec- 
ognized as  accurately  as  they  should  have 
been  and  should  be.  For  example,  with 
percussion  it  was  easily  shown  that  in  order 
to  alter  the  percussion  sound,  a  lesion  must 
reach  a  certain  size  and  lie  within  a  certain 
distance  from  the  chest  wall,  and  with  recog- 
nizable sources  of  confusion  in  the  chest  wall 
itself.  With  .r-ray  work  many  technicians 
assumed  from  the  beginning  that  all  lesions 
could  be  made  out  in  the  screen  or  plate, 
and  boldly  made  diagnoses  of  things  they 
had  never  seen  before.  In  the  beginning 
inferior    screens    and    imperfect    technique 
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were  unavoidable.  With  inferior  technique 
the  -t'-rav  plate  gave  a  set  of  silhouettes  of 
planes  showing  areas  of  varying  density 
superimposed  on  each  other.  With  better 
technique,  including  the  stereoscope,  it  gave 
an  infinite  number  of  perspective  views  su- 
perimposed. In  both  cases  something  between 
one  third  and  one  half  of  the  field  were  ob- 
scured by  those  dense  structures,  the  ribs 
and  heart.  Yet  in  spite  of  these  difficulties 
much  excellent  work  was  done — much  work 
of  verv  great  value  clinically — and  for  this 
result  the  small  number  of  close  students 
of  anatomic  and  .r-ray  examinations  and  a 
comparativelv  small  number  of  talented  and 
cautious  technicians  must  be  thanked. 

X-ray  methods  should  be  applied  much 
more  freely  to  the  study  of  lung  diseases 
than  thev  are  now,  not  only  for  the  certain 
additions  they  will  make  to  knowledge,  but 
for  their  practical  value.  They  can  confirm 
many  points  disclosed — but  not  fully  enough 
— by  auscultation  and  percussion.  They 
make  clear  in  certain  cases  that  what  had 
been  a  bronchitis  is  reallv  a  pneumonia  or 
some  other  process  affecting  the  air  cells  or 
the  blood  vessels,  Ivmphatics  or  interstitial 
tissue  of  the  lungs.  They  can  reveal  a  process 
that  was  often  suspected  on  using  older 
methods,  but  could  not  be  proved  bv  them, 
such  as  an  infiltration  of  an  inner  edge  of  a 
lung,  or  an  effusion  between  lobes  not  reach- 
ing the  surface  to  an  extent  permitting  rec- 
ognition by  percussion. 

They  have  shown  the  not  infrequent 
existence  of  small  pneumothorax  cavities  in 
various  parts  of  the  thorax.  This  mav  not 
be  as  important  a  finding  as  some  others, 
but  adds  much  to  our  knowledge  of  thoracic 
pathologv.  But  here  one  rnav  mention  an 
important  clinical  fact,  the  kind  of  fact  that 
cannot  be  lost  sight  of  in  discussing  diag- 
nostic technique.  Any  one  with  a  rather 
wide  observation  of  .r-ray  reports  on  thoracic 
cases  will  see  some  in  which  even  a  large 
pneumothorax  is  not  recognized  in  the  fluo- 
roscopic plate,  though  it  mav  be  bv  physical 
signs,  and  on  the  other  hand,  cases  are  said 
to  have  pneumothorax  when  further  x-ray 


and  other  examinations  show  nothing  more 
than  an  artefact. 

Another  condition  not  yet  investigated  by 
roentgenologists  as  much  as  it  deserves,  is 
atelectasis,  including  the  interesting  form 
described  as  massive  collapse  of  the  lungs 
(W.  Pasteur  and  others). 

Physical  diagnosticians  always  lay  stress 
on  repeated  examinations,  having  learned 
that  a  single  one  is  likely  to  be  incomplete. 
In  striking  contrast  to  this  is  the  confidence 
with  which  many  .r-ray  specialists  will  make 
a  positive  diagnosis  from  a  single  examina- 
tion and  sometimes  a  prognosis.  Even  more, 
patients  are  ordered  to  Arizona  or  California 
upon  the  finding  of  an  enlarged  hilus  shadow 
or  of  density  in  the  apex,  without  further 
inquiry. 

Physical  diagnosis  is  notoriously  beset  by 
the  perils  of  a  strong  personal  equation,  and 
physical  diagnosticians  are  rightly  expected, 
by  those  who  seek  their  help,  to  explain  on 
what  grounds  they  base  their  conclusions. 
The  personal  equation  in  the  interpretation 
of  .r-ray  findings  is  present  too,  though 
perhaps  not  to  so  great  an  extent;  and  yet 
we  find  .r-ray  specialists  who  refuse  to  show 
plates  to  physicians  consulting  them,  but 
hand  out  ex-cathedra  diagnoses  from  which 
there  is  no  appeal.  I  admit  this  is  rather  un- 
common, but  that  it  exists  imposes  upon  the 
specialtv  the  task  of  reforming  its  practi- 
tioners. 

The  .r-rav  specialist  is  at  a  serious  disad- 
vantage in  the  matter  of  following  up  cases. 
In  phvsical  diagnosis  we  learn  much,  in 
cases  not  coming  to  autopsy,  from  the  se- 
quence of  events.  But  the  .r-ray  operator  can 
onlv  do  this  with  inconvenience  to  the  patient 
— sometimes  impossible  to  overcome — and 
expense  to  someone.  This  matter  of  expense 
is  one  of  the  most  potent  causes  of  the  back- 
ward condition  of  thoracic  .r-ray  work.  If 
.r-rav  plates  were  as  easy  to  get  as  tempera- 
ture charts  how  rapidly  could  we  enlarge  the 
comparison  of  .r-ray  and  anatomic  results, 
as  shown  by  the  valuable  serial  study  of 
influenza-pneumonia  by  Sante !  But  the  cost 
of  material  and  the  time  of  technicians  pro- 
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hibits  this  work  ahnost  wholly.  The  difficulty 
of  financing  such  essential  work,  in  contrast 
with  the  ease  of  financing  measures  for 
destroying  life,  is  one  of  the  most  depressing 
phenomena  of  the  time  we  live  in. 

Among  unscientific  practices  in  .r-ray 
work  on  the  chest  may  be  mentioned  the 
unfounded  confidence  on  the  part  of  many 
in  the  interpretation  of  shadows  of  the  hilus 
region.  All  who  have  had  postmortem  exper- 
ience know  how  often  the  glands  in  the  roots 
of  the  lungs  become  enlarged.  They  become 
so  by  congestion  and  edema  in  many  cases 
of  bronchitis  and  bronchopneumonia;  they 
become  so  on  account  of  tubercles,  many  of 
which  heal,  leaving  calcified  or  fibrous  areas 
very  often ;  they  become  so  on  account  of 
various  causes  of  irritation,  many  of  which 
leave  no  other  evidences  of  danger  than  the 
enlarged  shadows.  I  have  often  been  told  of 
cases  or  have  seen  reports  in  which  such 
enlargements  were  given  an  exact  etiologic 
name;  viz.,  tuberculosis,  but  I  have  never 
had  demonstrated  the  grounds  on  which  the 
diagnosis  had  been  made,  except  as  regards 
calcification. 

Pathological-anatomists  are  also  familiar 
with  many  cases  in  which  there  are  areas  of 
disease  of  varying  sizes,  from  those  barely 
visible  to  the  naked  eye  up  to  the  size  of 
hempseed,  that  cannot  be  differentiated  by 
the  naked  eye.  and  under  the  microscope 
cause  much  difficulty.  These  are  especially 
bacillary  tubercles,  gummas,  miliary  carcin- 
omas and  lymphomas,  but  sometimes  actin- 
omycotic granulations  or  other  processes. 
All  of  these  and  some  other  dense  areas 
that  I  cannot  explain  are  likely  to  be  called 
miliary  tubercles  if  they  show  on  the  screen 
or  plate.  It  is  not  less  surprising  to  see  the 
confidence  in  the  diagnoses  than  the  belief 
that  the  diagnosis  of  miliary  tuberculosis, 
without  further  qualification,  is  of  any  great 
value. 

Anatomists  know  that  miliary  tubercles 
may  occur  in  very  small  numbers,  so  that 
they  might  be  visible  singly  on  the  plate.  But 
these  are  often  of  slight  clinical  value.  They 
occur  in  that  form  either  as  terminal  lesions 
in  fatal  cases,  or  heal  without  having  been 


suspected  during  life.  Clinically,  miliary 
tuberculosis  of  the  lungs  is  well  known, 
though  not  always  easy  to  recognize.  In  the 
great  proportion  of  cases  in  which  I  have 
known  the  .r-ray  diagnosis  to  be  made,  it  has 
not  been  borne  out  by  the  further  course  of 
the  disease,  if  favorable,  or  the  autopsy,  if 
fatal,  and  in  many  cases  fairly  extensive 
tuberculosis  has  been  present  without  being 
suspected  by  the  radiologist. 

Larger  areas  of  density  in  the  lungs  are 
also  frequently  asserted  to  be  tuberculous, 
but  I  am  not  aware  of  any  criteria  by  which 
one  can  distinguish  between,  let  us  say, 
catarrhal  lobular  pneumonia  in  influenza  or 
other  conditions,  tuberculous  bronchopneu- 
monia, and  other  similar  focal  processes.  A 
fact  familiar  to  all  clinicians  who  utilize 
;r-ray  work,  but  too  often  overlooked  by 
technicians  is  that  very  often  pin-head  or 
hempseed  sized  lesions  are  shown  on  the 
plate,  but  larger  ones  may  be  missed,  even 
up  to  those  that  give  physical  signs.  It  is 
interesting  to  see  that  the  .r-ray  diagnosis  of 
cavity  is  still  missed  in  both  senses — diag- 
nosed when  not  present,  overlooked  when 
present  in  considerable  volume. 

A  common  mistake  made  by  .^'-ray  oper- 
ators is  often  made  also  by  physical  diag- 
nosticians. There  is  some  excuse  for  it,  as 
the  mistake  was  once  made  by  Laennec  him- 
self, but  it  should  be  avoided  by  a  habit  of 
caution.  The  situation  is  as  follows:  A  pa- 
tient known  to  be  tul^erculous,  or  found  to 
have  a  suggestive  history  and  signs  of  a 
lesion  in  one  apex  or  both,  shows  signs  of 
a  bronchopneumonic  process  in  one  or  both 
of  the  lower  lobes,  or  even  more.  The  .r-ray 
plate,  like  the  auscultation,  shows  a  wide- 
spread bronchopneumonia.  It  is  assumed  to 
be  a  peril)ronchial  tuberculosis  or  broncho- 
pneumonia and  a  bad  prognosis  is  given  on 
account  of  the  wide  extent,  but  it  may  be  a 
simple  coccus  inflammation  of  mild  virulence 
and  may  rapidly  clear  up,  with  much  adverse 
comment  on  the  part  of  those  who  observe 
the  obvious  mistake. 

This  reminds  me  of  the  frequent  note 
"active"  in  connection  with  a  diagnosis  of 
tuberculosis  by  .r-ray  specialists.  I  have  never 
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had  anyone  demonstrate  the  reason  for  such 
a  diagnosis  when  based  on  a  single  examina- 
tion. One  can  say  that  a  calcified  area,  on 
the  other  hand,  is  evidence  of  an  old  lesion. 
Most  probably  it  is  inactive,  yet  it  may  lib- 
erate viable  bacilli  at  some  time  and  become 
active.  The  work  of  Opie  on  calcification  in 
the  lungs  and  other  organs  should  be  care- 
fully studied  by  radiologists,  not  merely  for 
the  technical  bearings,  but  even  more  on  ac- 
count of  their  relation  to  prognosis. 

I  also  view  with  scepticism  the  ;i'-ray 
diagnosis  of  tuberculosis  of  an  apex,  since 
the  only  tuberculous  lesion  likely  to  agree 
with  the  diagnosis  is  an  obsolete  one,  in 
which  no  one  can  predict  renewed  activity. 
Auscultation,  I  think,  is  much  more  trust- 
worthy in  apex  lesions,  though  the  skiagram 
should  always  be  made,  preserved  and  com- 
pared with  later  ones.  The  methods  of 
apical  roentgenology  offer  a  striking  contrast 
to  those  followed  in  gastric,  duodenal  and 
gallbladder  work. 

A'-ray  examinations  are  indispensable  in 
the  accurate  recognition  of  all  chronic 
diseases  of  the  lung  and  pleura,  and 
especially  bronchiectasis  and  encysted  old 
pleurisies  with  or  without  fibrosis,  but  with- 
out the  exploring  needle  the  latter  cannot  be 
understood.  In  these  two  conditions  .;i"-ray 
specialists  can  learn  much  from  thoracic 
surgery,  and  it  is  to  be  hoped  that  all  cases 
suitable  be  carefully  studied  before,  at,  and 
after  operations  on  lungs  and  pleurae. 

Roentgenology  is  indispensable  in  the 
diagnosis  of  aneurysms,  for  some  can  only 
be  recognized  in  this  way  and  even  those 
made  out  by  the  physical  signs  can  be  more 
completely  explained  by  ,r-ray  examinations. 
Yet  even  in  this  field  there  are  sources  of 
error  that  the  mere  technician  will  do  well 
to  bear  in  mind.  The  heart  and  pericardium 
furnish  another  field  deserving  careful  col- 
laboration between  roentgenologists  and 
anatomists.  I  have  seen  one  of  the  former 
make  the  same  mistake  that  sometimes  be- 
falls the  physical  diagnostician-^take  a  peri- 
cardial effusion  for  enlarged  heart,  because 
the  cardiohepatic  angle  was  not  obliterated, 


as  it  is  supposed  to  be  with  effusion,  but  is 
not  always. 

The  great  field  of  dental  radiography 
furnishes  many  illustrations  of  the  fact  that 
it  is  still  in  the  stage  of  development.  Experts 
are  too  prone  to  give  positive  statements  of 
films  or  plates  alone,  sometimes  missing 
quite  important  lesions,  then  again  ordering 
removal  of  teeth,  a  problem  purely  dental. 

Some  old  errors  are  certain  to  be  repeated 
in  the  interesting  field  of  pneumoperitoneal 
fluoroscopy  and  skiagraphy.  One  can  make 
out  organs  beautifully ;  one  can  detect  many 
small  foci  of  disease  on  the  surface,  but 
histologic  features  will  not  be  cleared  up,  so 
the  need  of  exploration  cannot  be  avoided. 
The  same  sorts  of  mistakes  that  have  been 
made  through  relying  on  examinations  of 
ascitic  fluids  will  be  made  in  this  variety  of 
roentgenologic  work,  if  it  is  depended  upon 
alone. 

The  great  advances  in  gastro-intestinal 
fluoroscopy  and  skiagraphy,  intestinal  ulcer- 
ations and  adhesions,  and  especially  diseases 
of  the  stomach  and  duodenum,  bile  tract  and 
appendix,  throw  a  flood  of  light  on  the 
methods  of  improving  all  departments.  I 
have  spoken  of  the  need  for  autopsies  in 
clearing  up  lung  diagnosis.  In  gastro-intest- 
inal work  we  have  the  invaluable  coopera- 
tion of  the  surgeon  in  very  many  cases,  so 
we  owe  him,  as  well  as  the  physiologists 
who  have  added  so  much  to  the  subject, 
thanks  for  a  great  part  of  the  advance,  and 
we  should  keep  in  close  touch  with  all  opera- 
tive procedures  on  "gerontgt"  patients,  in 
order  to  have  a  vivid  picture  of  actual  con- 
ditions. 

Your  President  has  asked  me  what  under- 
graduates should  be  taught  about  .r-ray 
work.  That  is  a  large  and  very  important 
question.  I  will  simply  tell  what  we  do  here 
without  wishing  to  be  understood  that  we 
think  we  have  reached  finality  either  in 
methods  or  results. 

Our  students  are  given  demonstrations  in 
the  anatomical  course  showing  the  use  of 
.r-rays  in  embryology,  bone  development  and 
evidence  of  age  in  growing  bones.  It  is  used 
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by  Dr.  Opie  in  the  teaching  of  pathology. 
I  take  the  class  in  the  second  third  of  the 
second  year,  with  a  course  in  physical  diag- 
nosis, and  use  selected  plates  to  show  types, 
especially  of  the  thorax,  variations  of  posi- 
tion of  thoracic  organs  in  health  and  disease ; 
position  of  stomach  and  intestines.  As  the 
members  of  the  class  percuss  and  auscult 
each  other,  and  make  diagrams  of  the  results, 
we  select  a  group  of  various  shapes  of  heart 
dullness,  and  various  heights  of  diaphragm, 
mark  out  the  percussion  lines  with  lead  strips 
and  take  seven  foot  plates  in  the  same  quiet 
breathing  in  w'hich  percussion  was  done. 
These  are  placed  before  the  class  in  the  fol- 
lowing exercises.  If  we  find  anything  abnor- 
mal in  these  healthy  subjects,  such  as  signs 
of  old  pleurisy,  valvular  lesions,  etc.  we  get 
plates  and  demonstrate  in  the  same  way.  We 
do  not  allow  the  class  to  use  the  fluoroscope 
on  account  of  the  number  (thirty-five)  and 
the  risk  of  prolonged  exposure  from  over- 
enthusiasm  or  of  waste  of  time  from  too 
brief  observations.  In  this  same  class  we 
show  the  skiagrams  of  patients  who  have 
been  seen  and  palpated  for  pleural  friction, 
thrills  or  aneurysmal  pulsations,  of  those 
who  have  been  demonstrated  with  dullness 
from  pleural  effusion,  then  tapped,  with 
plates  taken  before  and  after,  and  demon- 
strations of  the  resonance  in  the  cleared  area. 
In  the  third  and  fourth  years  we 
study  with  the  class  or  groups  all  the 
plates  of  patients  seen  in  out-patient 
department  and  wards.  Students  spend 
three  months  each  year  in  each  divi- 
sion of  Medicine,  Surgery  and  Gynec- 
ology-Obstetrics-Pediatrics,  see  plates  of 
many  of  the  cases  under  their  care, 
and  have  an  opportunity  of  seeing  fluoro- 
scopic  examinations  of  man)'  lesions   such 


as  esophageal  stricture,  cardiospasm,  gastric 
and  duodenal  ulcer,  gastric  carcinoma,  colon 
diseases,  including  diverticulosis.  I  should 
add  that  we  take  tuberculosis  patients  in  all 
stages  (in  limited  numbers)  and  are  able  to 
study  the  .r-ray  features  as  thoroughly  as 
possible. 

My  colleague,  Alills,  gives  a  series  of  dem- 
onstrations of  diagnostic  work  in  abdominal 
disease,  and  he,  as  well  as  Dr.  Sherwood 
Moore,  offer  optional  courses  in  jr-ray  diag- 
nosis and  technique. 

In  other  departments  equal  importance  is 
given  to  the  study  of  plates  and  fluoroscopy, 
the  bone  and  cranial  work  occupying  a  very 
large  field. 

No  practical  work  with  tubes  is  given, 
except  to  individuals  with  spare  time  and 
sufficient  preliminary  training,  or  in  special 
courses. 

We  consider  knowledge  of  ,t--ray  evidences 
of  disease  essential  to  the  graduate,  but 
think  technique  and  original  diagnostic  work 
should  be  taken  up  by  a  course  of  apprentice- 
ship later  on,  though  it  may  begin  in  the 
interne  year.  In  other  words,  we  think  every 
student  must  know  how  to  use  a  laryngo- 
scope and  ophthalmoscope,  to  know  the  ele- 
ments of  bacteriology  and  serology,  but  that 
not  everyone  as  an  undergraduate  can  learn 
how  to  use  .jr-rays,  or  for  that  matter  cysto- 
scopes,  bronchoscopes,  Wassermann  tech- 
nique and  many  other  matters. 

As  many  of  you  heard  the  outline  of 
graduate  education  by  Dr.  Louis  B.  Wilson 
at  the  September  meeting  of  the  society,  and 
all  have  probably  read  it  in  the  December 
number  of  the  Journal,  I  need  do  no  more 
than  express  my  admiration  for  the  course 
proposed  and  congratulate  those  able  to 
follow  it. 
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SCATTERED  radiation  is  the  only  type  of 
secondary  .r-rays  which  is  an  appreciable 
factor  in  medical  radiography.  The  fluor- 
escent or  characteristic  radiation  from  the 
chemical  elements  of  low  atomic  weight, 
such  as  make  up  the  human  body,  is  negli- 
gible. Even  the  fluorescent  radiation  from 
most  metals  when  exited  by  primary  rays 
of  the  usual  radiographic  quality  (corre- 
sponding to  a  5  inch  spark-gap)  is  so  soft 
and  of  such  low  intensity  that  it  does  not 
noticeably  affect  a  film  through  the  ordinary 
cardboard  holder  or  paper  envelope. 

Most  of  our  information  about  scattered 
.r-rays  is  from  the  investigations  of  Crow- 
ther,  Barkla  and  his  associates,  and  Hull.  In 
the  study  of  the  fundamental  laws  of  the 
scattering  of  .^-.rays,  their  experiments  were 
performed  with  relatively  thin  sections  of 
matter,  in  order  to  minimize  such  effects  as 
absorption  and  re-scattering  of  the  scattered 
rays.  The  principal  conclusions  reached  by 
these  investigators  on  the  scattering  of 
jT-rays  by  the  lighter  elements  may  be  sum- 
marized as  follows: 

1.  The  scattered  radiation  from  an  ele- 
ment is  independent  of  its  physical  state  and 
its  chemical  combination. 

2.  All  wave-lengths  of  .r-rays  (within  the 
the  range  usually  employed)  are  scattered 
equally;  in  other  words,  the  hardness  of  the 
scattered  rays  is  equal  to  that  of  the  primary 
beam. 

3.  All  substances  of  the  class  considered 
scatter  .r-rays  equally  mass  for  mass. 

4.  The  scattering  is  greater  in  the  direc- 
tion of  propagation  of  the  primary  beam 
than  in  the  opposite  direction,  and  it  is 
greater  in  either  of  these  directions  than  in 
directions  at  right  angles  to  the  primary 
rays. 

In  the  light  of  these  facts,  the  best  advice 
has  been  to  use  diaphragms  to  reduce  the 
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scattered  radiation  in  radiography,  the  usual 
procedure  being  to  limit  the  volume  of  mat- 
ter rayed  by  means  of  a  cone  or  diaphragm 
between  the  tube  and  the  scattering  material. 
There  has  been  practically  no  systematic 
investigation  of  the  behavior  of  scattered 
,r-rays  in  large  volumes  of  matter.  On  ac- 
count of  the  considerable  effect  of  scattered 
radiation  in  reducing  contrast  and  obliter- 
ating detail  in  the  radiographs  of  thick  parts, 
the  present  investigation  was  undertaken  to 
study  the  scattering  of  ,r-rays  from  the 
standpoint  of  practical  radiography.  While 
w^e  may  generalize  to  some  extent  on  the 
effects  of  various  factors  in  technique  upon 
scattered  radiation,  the  lack  of  quantitative 
data  has  prevented  any  effective  analysis  of 
the  problem.  In  the  present  work  the  problem 
of  scattered  radiation  has  been  approached 
in  two  ways,  first  by  measurements  of  the 
intensities  of  scattered  radiation  under  var- 
ious conditions,  and  second  by  the  effects  of 
scattered  radiation  upon  contrast  and  defi- 
nition in  radiographs\  The  aim  has  been  to 
determine  the  relation  of  the  various  factors 
in  the  radiographic  process  to  scattered 
radiation ;  these  factors  include  those  under 
our  control,  such  as  tube  voltage,  filters  and 
diaphragms,  as  well  as  those  factors  which 
we  cannot  ordinarily  change,  such  as  amount 
and  distribution  of  the  scattering  material. 

The  effects  of  scattered  radiation  can  be 
foretold  to  a  considerable  extent  if  we  first 
know  the  relative  amounts  of  scattered  rays 
and  primary  focal  rays  reaching  the  plate  or 
film.  As  a  rule,  we  are  apt  to  judge  the. 
amount  of  scattered  radiation  affecting  a 
radiograph  by  the  contrast.  This  is  not  fully 
justifiable  since  the  contrast  depends  to  a 
certain  extent  upon  the  character  of  the 
photographic    material    used,    development 

iThe  data  on  the  effects  of  scattered  radiation  will 
be  presented   in   another  paper  in   the   near   future. 

Roentgen   Ray  Society,  Miiinea|)olis,   Minn.,  Sept.   14-17,   1920. 
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conditions,  etc.  A  radiograph  can  be  copied 
in  such  a  way  as  to  obtain  a  negative  of 
much  greater  contrast  than  the  original. 
Obviously  this  process  does  not  affect  the 
scattered  radiation  which  was  incident  upon 
the  original  radiograph,  although  it  may 
overcome  the  loss  of  contrast  produced  by 
the  scattered  rays.  The  method  used  in  the 
present  experiments  measured  the  relative 
photographic  intensities  of  scattered  and 
focal  radiations  incident  upon  the  film  inde- 
pendently of  any  contrast  effects.  The  term 
"photographic  intensity"  refers  to  the  inten- 
sity as  evaluated  by  the  photographic  ma- 
terial used,  as  distinguished  from  the  value 


Fig.  I.  Diagram  showing  experimental  arrangement 
for  the  determination  of  the  ratio  of  diffuse  to 
total  radiation.  A  is  a  lead  cone ;  B,  a  small  lead 
disk;  C,  the  scattering  material;  D,  a  lead  dia- 
phragm between  the  scattering  material  and  the 
film ;  E,  a  sheet  of  lead  lieneath  the  film  F. 

which  might  be  obtained  in  recording  the  ra- 
diation by  some  other  means,  such  as  an 
ionization  chamber,  a  fluorescent  screen,  or  a 
different  photographic  material.  The  evalua- 
tion of  photographic  intensity  therefore  de- 
pends upon  the  way  the  photographic  surface 
integrates  the  intensities  of  the  various  wave 
lengths  of  radiation  incident  upon  it. 


The  experimental  arrangement  is  illus- 
trated in  Figure  i.  A  thickness  of  scattering 
material  C  was  placed  over  the  film  F.  A 
lead  disk,  B,  5/16  inch  in  diameter  by  ^ 
inch  thick,  was  centered  over  the  scattering 
material.  The  only  rays  which  could  fall  in 
the  shadow  of  the  lead  disk  were  scattered 
rays  and  primary  rays  from  other  parts  of 
the  target  than  the  focal  spot.  Both  types  of 
radiation  will  be  included  in  the  term  diffuse 
radiation,  while  the  primary  rays  coming 
from  the  focal  spot  will  be  designated  as 
focal  radiation.  The  rays  falling  outside  the 
shadow  of  the  disk  included  both  the  primary 
rays  transmitted  by  the  interposed  material 
and  the  scattered  rays. 

A  lead  diaphragm  D  of  3  inch  aperture 
and  1/16  inch  thickness  was  placed  between 
the  scattering  material  and  the  film.  This 
enabled  six  separate  exposures  to  be  made 
from  an  8  X  10  inch  sheet  of  film.  The  area 
of  material  rayed  could  be  limited  by  a  cone 
or  diaphragm  placed  between  the  tube  and 
the  material. 

The  experimental  procedure  was  as  fol- 
lows: Keeping  the  tube  voltage  and  current 
constant,  a  series  of  six  exposures  was  made 
on  a  sheet  of  film,  producing  on  development 
a  series  of  densities  varying  from  light  to 
moderately  heavy.  Figure  2  shows  a  series 
of  exposures  made  in  this  wav.  Each  ex- 
posed portion  of  the  film  consisted  of  a 
darkened  area  surrounding  a  small  circular 
area  of  lighter  density ;  the  densitv  in  the 
small  area  was  caused  by  diffuse  radiation 
alone,  while  the  density  of  the  outer  area 
was  produced  by  the  total  radiation  trans- 
mitted by  scattering  material.  These  den- 
sities were  measured  with  a  photometer,  and 
curves  plotted  of  density  against  time  of  ex- 
posure, both  for  the  total  radiation  reaching 
the  film  and  the  diffuse  radiation.  From 
these  curves  were  determined  the  relative 
exposures  required  to  produce  equal  densities 
by  the  diffuse  radiation  and  by  the  total 
radiation ;  the  relative  intensity  of  diffuse 
and  total  radiation  was  taken  at  the  recipro- 
cal of  the  ratio  oi  exposures  required  to 
produce  equal  density  on  the  film.  For  in- 
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stance,  if  twenty  second's  exposure  to  the 
total  radiation  produced  a  given  density 
and  twice  that  exposure,  or  forty  seconds, 
was  fec|uired  by  the  diffuse  radiation  to  give 
the  same  density,  then  the  diffuse  radiation 
was  half  the  intensity  of  the  total  radiation ; 
in  other  words,  half  the  radiation  reaching 
the  film  in  this  case  was  diffuse,  non-image- 
forming,  radiation. 

The  value  obtained  is  independent  of  the 
contrast  or  degree  of  development  of  the 
photographic  material,  provided  the  charac- 


terial  for  the  present  experiments.  The  water 
was  contained  in  an  aluminum  tank  1 2  inches 
sc{uare  by  10  inches  deep.  The  bottom  of  the 
tank  was  1/32  inch  thick.  As  will  be  shown 
later,  the  absorption  of  this  thickness  of 
aluminum  was  too  small  to  affect  the  results 
appreciably.  Some  experiments  on  scattering 
were  also  performed  with  printer's  roller 
composition,  a  compound  made  of  organic 
substances  and  having  a  density  (ratio  of 
mass  to  volume)  of  1.33.  This  material  is 
more  convenient  to  handle  than  water,  but 


Fig.  2.  Illustrating  a  series  of  exposures  made  to  determine  the  ratio  of  diffuse  to  total  radia- 
tion. The  lighter  density  in  the  center  of  each  exposure  was  produced  l)y  purely  diffuse 
radiation  in  the  shadow  of  the  lead  disk;  the  outer  density  was  produced  by  the  total 
radiation  transmitted  bv  the  scattering  material. 


teristics  of  the  material  are  the  same  for  two 
radiations  being  compared.  In  these  experi- 
ments no  definite  difference  was  observed 
between  the  characteristic  curves  produced 
by  the  diffuse  radiation  and  the  total  radia- 
tion. 

For  most  of  the  work  ordinary  tap  water 
was  used  as  the  scattering  material.  The 
density  of  water  and  its  absorption  and  scat- 
tering characteristics  are  similar  to  those  of 
human  flesh,  making  it  a  very  suitable  ma- 


its  scattering  power  is  somewhat  too  high  to 
be  comparable  with  human  flesh. 

The  spark-gap  was  measured  between  dull 
points,  and  the  tube  voltage  kept  constant 
during  an  exposure  with  the  aid  of  a  volt- 
meter on  the  primary  of  the  transformer. 
The  Coolidge  radiator  type  tube  was  used 
throughout  these  experiments.  The  target- 
film  distance  was  maintained  at  20  inches. 
The  tube  current  was  kept  constant  during 
each  exposure  and  was  adjusted  as  far  as 


Intensity  of  Scattered  .Y-Rays  in  Radiography 


331 


possible  so  that  the  desired  densities  could 
be  obtained  in  exposure  times  varying  from 
ten  seconds  upward.  For  long  exposures  the 
tube  current  was  not  allowed  to  exceed  4.5 
milliamperes.  Duplitized  ;ir-ray  film  was  used 
as  the  photographic  material ;  the  films  were 
developed  in  a  tank  of  elon-hydroquinone 
developer  for  five  minutes  at  a  temperature 
approximately  65°  Fahrenheit;  the  films 
were  kept  in  constant  irregular  motion  to 
insure  uniformity  of  development^  As  stated 
previously,  the  degree  of  development  of  the 
film  has  no  effect  upon  the  values  obtained ; 
the  chief  consideration  is  that  each  film 
receive  uniform  development  over  its  whole 
surface.  For  each  set  of  conditions  six  or 
more  films  were  exposed  (unless  otherwise 
specified)  and  the  average  A^alue  obtained  of 
the  ratio  of  the  diffuse  to  the  total  radiation 
reaching  the  film.  The  effects  of  diaphragms, 
thickness  of  scattering  material,  tube-voltage 
and  filters  (between  the  scattering  material 
and  film)  upon  the  ratio  were  investigated. 
Figure  3  shows  examples  of  the  curves 
obtained  of  density  plotted  against  exposure 
time.  The  film  giving  these  curves  was  ex- 
posed through  six  inches  of  water  with  the 


senting  the  fog  density,  or  the  density  of  the 
unexposed  portions  of  the  film.  It  will  be 
noted,  however,  that  the  densities  from 
diffuse  radiation  are  not  much  less  than  those 
produced  by  the  total  radiation.  At  several 
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Fig.  3.  Curves  of  density  of  film  plotted  against  ex- 
posure time.  Curve  i  is  for  the  total  radiation 
reaching  the  film,  and  Curve  2  the  diffuse  radia- 
tion in  the  shadow^  of  the  lead  disk.  Conditions; 
6  inch  depth  of  water  (i2x  12  inches)  as  the  scat- 
tering material,  20  inch  target-film  distance,  5  inch 
spark-gap,  3.5  milliamperes.  F  represents  the  fog 
density,  or  the  density  of  the  unexposed  portions 
of  the  film. 


TABLE    I 

PATA   TAKEN    FROM    CURVES    OF   FIGURE    3 


Density  of  Film 

Exposure  to 

Exp 

osure 

to 

Ratio  of 

Total  Radiation 

Diffuse  Radiation 

Exposures 

in  Seconds 

in 

Secon 

ds 

Et           D 

Et 

Ed 

Ei>            T 

i.o 

10.7 

12.8 

.84 

1-3 

154 

18.2 

■85 

1.6 

20.2 

23-9 

.84 

1-9 

259 

31-3 

■83 

2.2 

33-2 

40.4 

&2 

Mean 

.84 

tube  running  at  5  inch  spark-gap  and  3.5 
milliamperes.  The  exposures  varied  from  10 
to  40  seconds.  The  densities  of  Curve  i  were 
produced  by  the  total  radiation  reaching  the 
film,  while  the  densities  of  Curve  2  were 
produced  by  the  purely  diffuse  radiation 
falling  in  the  shadow  of  the  lead  disk.  If 
there  were  no  diffuse  radiation,  Curve  2 
would  coincide  with  the  dotted  line  F  repre- 

2This  precaution  is  unnecessary  in  developing  or- 
dinary radiographs. 


density  values  the  corresponding  exposure 
times  for  diffuse  and  total  radiation  were 
read  from  the  curves  and  their  inverse  ratios 
calculated  as  shown  in  Table  I.  The  average 
of  these  ratios  gave  the  value  determined 
from  this  film,  and  the  final  average  w^s 
taken  from  six  or  more  such  films.  From 
these  particular  curves  the  value  of  this 
ratio  is  .84 ;  in  other  words  under  these  con- 
ditions 84  per  cent  of  the  total  radiation 
striking  the  film  is  diffuse  radiation  and  16 
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per  cent  is   image-forming  or   focal   radia- 
tion.^ 

The  proportion  of  diffuse  radiation  reach- 
ing the  fihn  Avas  first  investigated  for  various 
thicknesses  of  water  and  dififerent  sizes  of 
cones  or  diaphragms*  with  the  tube  running 
at  a  5  inch  spark-gap.  The  resuhs  are  arran- 
e:ed  in  Table  II. 


as  long  as  the  image  diameter  on  the  film  is 
kept  the  same.  Therefore  with  a  constant 
target-film  distance  of  20  inches,  it  is  un- 
necessary to  describe  the  cone  or  diaphragm 
otherwise  than  to  give  the  image  diameter 
produced  by  it.  The  smaller  image  sizes  were 
produced  by  small  lead  diaphragms  sup- 
ported at  the  surface  of  the  water,  and  the 


TABLE  II 

Thickness 

Diameter 

Rat 

io  Diffuse 

.    Ratio  Diffuse 

Ratio 

Scattered 

Exposure 

Ratio  Diffuse 

of  Water 

of  Image 

to    Total  Radia- 

to Total  Radia- 

to 

Total 

Factor 

to  Primary 

in  Inches 

in  Inches 

tion 

Observed 

tion  from  Curz'es 

Radiation 

Focal  Radiation 

D 

S 

D 

T 

T 

F 

■56 

.12 

.12 

.08 

1.8 

.14 

1.30 

•25 

•23 

.20 

15 

•30 

2 

4.0 

•43 

•43 

•41 

1. 14 

■75 

6.25 

•SO 

•50 

.48 

I.O 

I.O 

20.0 

•50 

•50 

.48 

I.O 

I.O 

.62 

:is 

■IS 

.12 

3-0 

.18 

1.47 

■33 

.33 

.31 

2.4 

■49 

4 

4.0- 

•57 

■57 

.56 

15 

1-33 

6.25 

.68 

.68 

.67 

1.14 

2.1 

20.0 

■72 

■72 

.71 

I.O 

2.6 

•71 

.18 

.18 

.16 

4.9 

.22 

1.68 

.40 

.42 

.41 

3^5 

■72 

6 

4.0 

.64 

■65 

.64 

2.1 

1.9 

^ 

6.25 

■77 

■77 

.76 

1.4 

3-3 

20.0 

.83 

.83 

•83 

I.O 

4.9 

.83 

.22 

.22 

.20 

6.7 

.28 

1.96 

•52 

■SI 

•50 

4.2 

1.04 

8 

4.0 

.72 

.72 

•71 

2.4 

2.6 

6.25 

.81 

.81 

.81 

1.6 

4-3 

20.0 

•87 

.88 

.88 

1. 00 

7-3 

4.0 

•76 

.76 

.76 

30 

3-2 

10 

6.56 

•83 

.83 

.83 

2.1 

4.9 

20.0 

.92 

•92 

•92 

I.O 

ii-S 

The  first  column  gives  the  thickness  of 
water  .t'-rayed.  The  second  column  gives  the 
diameter  of  image  on  the  film  as  determined 
by  the  cone  or  diaphragm  used  between  the 
tube  and  the  scattering  material ;  this  value 
suffices  for  the  specification  of  the  cone  or 
diaphragm.  The  dimensions  and  position  of 
the  cone  or  diaphragm  between  the  tube  and 
the  scattering  material  make  no  difference 

3The  final  average  for  all  the  films  exposed  under 
these  conditions  was  83%,  as  shown  in  Table  II. 

4The  efficiency  of  the  Bucky  diaphragm  principle 
was  not  determined  in  the  present  experiments,  but 
will  be  investigated  in  the  near  future. 


corresponding  image  diameters  vary  with  the 
thickness  of  water;  the  larger  sizes  were 
made  with  cones,  and  the  largest  size,  20 
inches,  was  that  produced  by  the  opening  in 
lead  glass  shield  around  the  tube. 

The  image  diameters  given  have  been  cor- 
rected for  the  area  of  the  shadow  of  the 
small  lead  disk.  In  the  case  of  the  smallest 
image  size  (made  with  a  ^  inch  diaphragm) 
the  lead  disk  was  not  used;  the  ratio  of 
diffuse  to  total  radiation  was  determined  by 
measurements  of  the  densities  on  the  film 
of  the  image  of  the  diaphragm  opening  and 
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the  densities  (from  dififuse  radiation)  just 
outside  the  diaphragmed  image. 

The  third  column  gives  the  observed  ratios 
of  the  diffuse  to  the  total  radiation.  When 
these  are  plotted  against  thickness  of  water, 
a  number  of  the  values  do  not  fall  on  a 
smooth  curve.  For  the  succeeding  calcula- 
tions, values  taken  from  the  curves  were 
taken  as  the  most  probable  values  and  are 
tabulated  in  column  4.  The  scattered  radia- 
tion is  somewhat  less  than  the  diffuse  radia- 
tion, since  the  latter  includes  primary  radia- 
tion from  other  parts  of  the  target  than  the 
focal  spot.  The  small  correction  for  this 
deducted  from  the  values  of  column  4  give 
the  ratios  of  scattered  to  total  radiation  as 
tabulated  in  column  5.  The  method  of  mak- 
ing this  correction  is  described  later. 

When  scattered  radiation  is  lessened  by 
means  of  a  cone  or  diaphragm,  the  decreased 
intensity  of  the  radiation  striking  the  film 
necessitates  a  longer  exposure.  For  each 
thickness  of  water,  the  exposure  for  a  20 
inch  image  is  here  taken  as  the  ordinary  or 
standard  exposure.  The  factor  by  which  this 
exposure  must  be  multiplied  to  produce  the 
same  density  of  film  when  a  cone  or  dia- 
phragm further  limits  the  scattered  radiation 
is  called  the  "exposure  factor"  ;  these  factors 
are  calculated  from  the  values  of  column  5 
and  are  tabulated  in  column  6.  This  calcu- 
lation is  based  on  the  fact  that  the  intensity 
of  primary'  radiation  reaching  the  film  is 
unaffected  by  the  cone  or  diaphragm ;  only 
the  scattered  radiation  is  thereby  diminished. 
Let  P20  represent  the  primary  radiation, 
S20  the  scattered  radiation,  and  To,,  the  total 
radiation  reaching  the  film  with  an  image 
diameter  of  20  inches,  and  Px  the  primary 
radiation,  Sx  the  scattered  radiation,  and  Tx 
the  total  radiation  reaching  the  film  where 
the  image  diameter  is  X  inches.  If  the  total 
-t--ray  intensity  reaching  the  film  is  dimin- 

Tx 
ished  in  the  ratio  of  -7^—  the    exposure    tmie 

must  be  multiplied  by  the  inverse  ratio  in 
order  to  obtain  the  same  density  of  film ; 

A  20 


Now,   T  =  P  +  S,  orP  =  T  — 

and      Px  =  P20 

Then, 

t  20                                  i  2) 

S 

I  — Sx 

I  20                P2O                    J  20                 ^2) 

Tx 

Tx         Tx                Tx 

Px               Tx— Sx 

I  —  S20 
1 20 

the  exposure  factor  is  therefore- 


T, 


By  this  equation  the  exposure  factors  may  be 

.  S 
computed  from  the  values  of  ^  tabulated  in 

column  5. 

The  number  which  is  the  true  measure  of 
the  effect  of  the  diffuse  radiation  is  the  ratio 
of  the  diffuse  radiation  to  the  primary  focal 
radiation.  This  ration  is  given  in  the  last  col- 

D 

umn;  it  is  computed  by  the   relation  p  = 

D 


represents  the  ratio  of  dif- 


fuse to  focal  radiation,  and  —    the  ratio  of 

diffuse  to  total  radiation,  the  values  of  which 

are  tabulated  in  column  4.  For  instance,  if 

the  ratio  of  diffuse  to  total  radiation  is  .80, 

the  ratio  of  focal  to  total  radiation  is  i  — .80 

or  .20  and  the  ratio  of  diffuse  to  focal  radia- 

.       .    .80 
tion  IS        or  4.0. 
.20 

The  values  in  Table  II  show  the  large  part 
played  by  scattered  .i--rays  in  the  radiography 
of  the  thicker  parts  of  the  human  body. 
Under  most  conditions  the  diffuse  radiation 
is  by  far  the  major  portion  of  the  radiation 
reaching  the  photographic  surface;  under 
conditions  similar  to  those  in  the  radiog- 
raphy of  deep  parts  the  intensity  of  the  dif- 
fuse radiation  is  about  4  to  10  times  the 
intensity  of  the  focal  radiation.  Its  marked 
effect  in  reducing  contrast  and  definition  can 
readily  be  appreciated.  The  elimination  of 
all  or  a  large  part  of  the  diffuse  radiation 
should  result  in  a  great  improvement  in  the 
quality  and  diagnostic  value  of  radiographs. 
Diffuse  radiation  is  reduced  to  a  relatively 
small  value  by  diaphragming  the  image  to  a 
very  small  size,  ^  inch  in  diameter  or  less. 
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This  size  is  too  small  to  be  of  much  use  al- 
though it  might  be  of  occasional  value  in 
such  work  as  studying  the  fine  structure  of 
diseased  bone  tissue. 

Figure  4  shows  the  curves  of  ratio  of  dif- 
fuse to  total  radiation  plotted  against  thick- 
ness of  water  (for  the  various  sizes  of  cones 


2        4,    ^6 

THICKNESS 

Fig.  4.  Curves  showing  ratio  of  diffuse  to  total  radia- 
tion plotted  against  thickness  of  water.  Curve  i  is 
for  an  image  diameter  of  20  inches;  Curve  2,  im- 
age diameter  of  6.25  inches ;  Curv^e  3,  image  diam- 
eter of  4  inches;  Curve  4,  a  diaphragm  of  i  3/16 
inch  diameter  at  surface  of  water ;  Curve  5,  a 
diaphragm  of  5^  inch  in  diameter  at  surface  of 
water. 

and  diaphragms).  The  observed  values  are 
indicated  by  small  circles.  Figure  5  gives 
the  curves  of  ratio  of  diffuse  to  focal  radia- 
tion plotted  against  thickness  of  water, 
showing  the  increase  of  the  scattering  effect 
with  increase  in  thickness  of  water.  Figure 
6  shows  this  ratio  plotted  against  image 
diameter  for  the  various  thicknesses  of 
water ;  the  number  on  each  curve  represents 
the  thickness  of  water  in  inches.  This  set  of 
curves  is  the  most  instructive  of  any  of  those 
shown.  For  each  thickness  of  water,  as  the 
image  diameter  is  diminished  from  20 
inches,  the  scattering  does  not  much  decrease 
until  a  certain  point  is  reached;  then  as  the 
image  size  is  further  diminished  the  scatter- 
ing decreases  quite  rapidly.  This  effect  is 
most  noticeable  for  the  smaller  thicknesses. 
In  radiographing  through  2  inches  of  water, 
no   decrease   in    scattering   is   produced   by 


diaphragming  the  image  to  6%  inches  diam- 
eter. The  image  size  where  the  scattering 
begins  to  diminish  appreciably  is  greater  for 
the  greater  thicknesses  of  water.  In  radio- 
graphing through  10  inches  of  water,  dia- 
phragming to  anything  less  than  20  inches 
produces  a  marked  decrease  in  the  scattering 
effect.  The  ordinate  value  unity  represents 
a  diffuse  radiation  of  one-half  the  intensity 
of  the  total  radiation.  The  portions  of  the 
curves  above  this  value  show  the  large  range 
of  conditions  where  the  diffuse  rays  form 
the  greater  portion  of  the  total  radiation 
reaching  the  film.  It  is  evident  that  in  using 
a  cone  or  diaphragm  to  reduce  scattered 
radiation,  the  smallest  size  practicable  under 
the  circumstances  should  be  employed. 

In  order  to  derive  the  ratios  of  scattered 
to  total  radiation  from  the  ratios  of  diffuse 
to  total  radiation  measured  experimentally, 
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Fig.  5.  Curves  showing  ratio  of  diffuse  to  focal  ra- 
diation plotted  against  thickness  of  water.  Curve  i 
is  for  an  image  diameter  of  20  inches;  Curve  2, 
image  diameter  6%  inches;  Curve  3,  image  diam- 
eter 4  inches,  Curve  4,  i  3/16  inch  diaphragm  at 
surface  of  water;  Curve  5,  ^  inch  diaphragm  at 
surface  of  water. 

it  was  necessary  to  determine  the  proportion 

of  primary  radiation  reaching  the  film  from 

other  parts  of  the  target  than  the  focal  spot. 

If  in  the  arrangement  shown  in  Figure  i 
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the  scattering  material  be  omitted,  the  radia- 
tion faUing  in  the  shadow  of  the  small  lead 
disk  is  extra-focal  primary  radiation.  Its 
ratio  to  the  total  radiation  was  measured  by 
the  method  already  outlined,  i.  e.,  by  deter- 
mining the  relative  exposures  required  for 
equal  densities  of  film  in  the  shadow  of  the 
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Fig.  6.  Curves  showing  ratio  of  diffuse  to  focal  ra- 
diation plotted  against  image  diameter.  The  thick- 
ness of  water  is  designated  on  each  curve. 

lead  disk  and  just  outside  that  shadow.  By 
this  method,  with  no  absorbing  material 
between  the  tube  and  the  film,  the  radiation 
from  other  parts  of  the  target  than  the  focal 
spot  was  found  to  be  .053  of  the  total  radia- 
tion. This  value  was  found  to  be  about  the 
same  for  all  sizes  of  cones  or  diaphragms 
and  for  all  positions  of  the  small  lead  disk 
used  in  the  present  experiments.  Since  the 
effect  of  the  extra-focal  radiation  upon  the 

D 
ratios  7^  of    column    4,    Table    II,    is    very 

small,  its  precise  determination  for  every 
set  of  conditions  is  unnecessary.  The  great- 
est variation  in  the  proportion  of  extra-focal 
radiation  was  produced  by  the  absorbing 
material  between  the  target  and  the  film.  The 
radiation  from  the  copper  of  the  target  is 
softer  than  that  from  the  tungsten,  and  it  is 
therefore  absorbed  more  when  matter  is 
introduced  between  the  target  and  the  film. 
The  proportion  of  extra-focal  primary  radia- 
tion reaching  the  film  when  scattering  ma- 
terial was  inteposed  was  determined  by 
measuring  the  relative  intensities  of  radia- 
tion reaching  the  film  with  the  target  face 


turned  toward  the  film  and  with  the  target 
face  turned  away  from  the  film.  By  this 
method  with  no  absorbing  material  present, 
the  radiation  from  the  back  of  the  target 
was  found  to  be  .041  of  the  radiation  from 
front  of  the  target.  With  4  inches  of  water 
this  was  reduced  to  .026  or  63  per  cent  of  the 
value  for  no  absorbing  material.  With  6 
inches  of  water  this  ratio  was  found  to  be 
.020  or  49  per  cent  of  the  value  for  no  ab- 
sorbing material.  The  proportion  of  extra- 
focal  radiation  when  the  target  face  is 
turned  toward  the  film  had  been  found  to  be 
.053  with  no  absorbing  material.  With  4 
inches  of  water  this  value  should  be  reduced 
to  63  per  cent  of  .053  or  .033.  With  6  inches 
of  water  this  value  becomes  49  per  cent  of 
.053  or  .026.  The  determinations  for  greater 
thicknesses  of  water  required  such  long  ex- 
posures that  it  was  decided  not  to  make 
them,  but  rather  to  use  in  the  computations 
values  extrapolated  from  the  curve  of  the 
already  observed  values.  The  curve  of  the 
ratio  of  extra-focal  primary  radiation  to 
total  primary  radiation  reaching  the  film, 
plotted  against  thickness  of  water,  is  shown 
in  Figure  7. 
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Fig.  7.  Curve  showing  ratio  of  extra-focal  primary 
radiation  to  total  primary  radiation  plotted  against 
tkickness  of  water. 

It  was  now  required  to  determine  the 
effect  of  the  extra-focal  radiation  upon  the 
ratio  of  diffuse  to  total  radiation.  Let  P 
represent  the  total  intensity  of  the  primary 
radiation  reaching  the  film  when  a  given 
amount  of  scattering  material  is  interposed. 
Let  a  be  the  fraction  of  this  coming  from 
other  parts  of  the  target  than  the  focal  spot ; 
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then  aP  is  the  intensity  of  the  extra-focal 
primary  radiation  and  (i-a)  P  the  intensity 
of  the  focal  radiation.  Let  S  be  the  scattered 
radiation,  D  the  total  diffuse  radiation,  and 
T  the  total  radiation,  reaching  the  film. 
Then        D  =  S  +  aP,  (i) 

and  T  =  S-fP;  (2) 

also  T  =  D-f(i— a)P  (3) 

Dividing  equation  ( i )  by  T,  we  find  that  the 
observed  ratio  of  diffuse  to  total  radiation 
p^    S  +  aP  (4) 

T  T 

Substituting  for  P  its  value  T  —  S  by  equa- 
tion (2),  we  obtain 

S(i— a)  +aT 


D       S  + 

qT —  aS 

T 

T 

S(i- 
~T 

Whence 

S 

D 

T  ^ 

T 

—  a 

T 


a)  -\-  a 


(5) 


(6) 
Thus  by  this  equation  the  ratio  of  scattered 

.    •        S 
to  total  radiation,  -^  may  be  computed  from 

the  experimentally  determined  value  of  the 

ratio  of  diffuse  to  total  radiation,  — '    For 

example,   the  value  of   —    for  4  inches  of 

water  and  6.25  inch  image  diameter  is  .68 
(Column  4,  Table  II),  and  the  fraction  a  has 
the  value  .033.  Then  applying  equation  (6) 

s     ^        I—  -033    ^    -647 

T 


=  .67 


.68  • —  .033  .967 

the  value  recorded  in  Column  5,  Table  II. 


The  values  of  —  are  required  for  the  calcu- 
lations of  the  exposure  factors.  It  will  be 
noted  that  in  the  presence  of  any  consider- 
able amount  of  scattered  radiation,  the  dif- 
ference  between  —  and  —  is  quite   small, 

usually  about  .01  or  .02 ;  under  such  condi- 
tions the  extra-focal  primary  radiation  is  a 
negligible  portion  of  the  total  radiation 
reaching  the  film,  and  it  is  quite  small  (5  per 
cent  or  less)  when  there  is  no  scattered 
radiation. 

The  curves  in  Figure  8  show  the  varia- 
tions of  exposure  factor  with  image  diam- 
eter; the  thicknesses  of  water  are  indicated 
by  the  numbers  on  the  curves.  The  exposure 
factors  for  zero  image  size  are  the  values 
computed  for  the  case  where  all  the  diffuse 
radiation  is  removed. 
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Fig.  8.  Curves  of  exposure  factor  plotted  against 
image  diameter.  The  thickness  of  water  is  desig- 
nated on  each  curve. 

It  may  be  noted  in  this  connection  that 
the   efficiency   of   a   diaphragm   under   any 


TABLE 

III 

Thick)icss  of 

Diameter  of 

Rati 

9  Diffuse 

Ratio  Diffuse 

Composition 

Image  in 

to 

Total 

to  Primarv  Focal 

in  Inches 

Indies 

Radiation 

Radiation 

2 

1-30 

■30 

•43 

4.0 

•47 

.89 

20.0 

•55 

1.22 

4 

1.47 

•35 

•54 

4.0 

.66 

1.9 

20.0 

.76 

3-2 

6 

1.68 

.46 

•85 

4.0 

•73 

2.7 

20.0 

.88 

7-3 
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conditions  can  be  estimated  roughly  from 
the  exposure  factor.  For  instance,  if  a  given 
diaphragm  necessitates  a  doubHng  of  the 
exposure  to  produce  the  same  density,  the 
total  ;r-ray  intensity  has  been  hah^ed  and 
more  than  half  of  the  diffuse  radiation  has 
been  removed. 

With  printers'  roller  composition  as  the 
scattering  material,  the  results  recorded  in 
Table  III  were  obtained.  Most  of  these 
values  are  the  mean  of  three  or  four  deter- 
minations and  are  therefore  not  quite  so 
reliable  as  the  results  obtained  with  water. 
For  equal  thicknesses,  the  printers'  roller 
composition  scatters  more  than  water;  the 


a  thickness  of  6  inches  of  water.  Table  IV 
shows  a  summary  of  the  results  obtained. 
The  effect  of  scattered  rays  upon  the  film 
was  found  to  increase  slowly  with  the  spark 
gap.  Thus  the  lowering  of  contrast  produced 
by  increasing  the  penetration  is  due  in  part 
to  the  increased  scattering  as  well  as  the 
lowered  absorption  of  the  image-forming 
rays. 

These  data  indicate  that  the  scattered  radi- 
ation affecting  the  him  is  slightly  harder  than 
the  primary  radiation,  since  an  increase  in 
the  proportion  of  hard  rays  in  the  primary 
beam  increases  the  proportion  of  scattered 
rays  reaching  the  film.  This  is  to  be  expected 


TABLE  IV 

EFFECT  OF  TUBE  VOLTAGE  UPON   PROPORTION  OF  DIFFUSE  RADIATION 
IN  RADIOGRAPHING  THROUGH   SIX   INCHES  OF  WATER 


Spark  Gap 

Ratio 

Diffuse 

to 

Ratio  Diffuse  to 

in  Inches 

Total 

Radiation 

Primary  Focal 

Radiation 

3 

.8i 

4-3 

4 

.82 

4.6 

5 

•83 

4.9 

SVz 

-85 

57 

6 

-85 

57 

7 

.85 

57 

9 

■87 

67 

proportion  of  diffuse  radiation  reaching  the 
film  is  roughly  the  same  for  ec[ual  masses 
of  water  and  roller  composition  rayed,  i.  e., 
for  equal  image  sizes,  a  given  thickness  of 
roller  composition  produces  about  the  same 
proportion  of  scattered  radiation  on  the  film 


from  the  fact  that  the  scattered  rays  have 
traversed  a  longer  distance  in  the  material 
than  the  primary  rays,  and  have  suffered  a 
corresponding  greater  filtering  action ;  the 
soft  scattered  rays  have  been  thereby  ab- 
sorbed  more   than   the    soft   primary    rays 


TABLE  V 


Filter 


Ratio  Diffuse  to 
Total  Radiation 


Ratio  Diffuse  to 

Primary  Focal 

Radiation 


None 

1/16  inch  aluminum  . 
1/8  inch  aluminum  . 
.001  inch  lead  foil  . 
Thin  intensifying  screen 


•83 

4.9 

82 

4.6 

.80 

4.0 

79 

3.8 

79 

3.8 

as  a  one-third  greater  thickness  of   water 
(density  of  composition  being  1.33). 

The  effect  of  tube  voltage  upon  the  pro- 
portion of  diffuse  radiation  striking  the 
film  was  studied  for  a  range  of  spark-gaps 
from  3  to  9  inches,  radiographing  through 


before  reaching  the  film,  leaving  a  greater 
proportion  of  hard  rays  in  the  scattered 
radiation. 

Contrary  to  this  conclusion,  it  is  some- 
times claimed  that  the  so-called  "soft  sec- 
ondary  radiation"  can  be  screened  out  by 
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a  filter  placed  between  the  subject  and  the 
plate,  with  the  effect  of  noticeably  improving 
contrast  in  the  radiograph.  This  view  is 
evidently  due  to  an  impression  that  the 
secondary  radiation  from  the  human  body 
is  largely  fluorescent  radiation.  To  test  out 
this  point,  the  proportions  of  diffuse  radia- 
tion affecting  the  film  were  determined  with 
several  types  of  filters  placed  between  the 
scattering  material  and  the  film,  with  the 
tube  running  at  a  5  inch  spark-gap.  Table  \' 
gives  the  results  obtained  in  radiographing 
through  six  inches  of  water.  The  filters 
specified  are  in  addition  to  the  1/32  inch  of 
aluminum  of  the  bottom  of  the  tank.  This 
thickness  of  aluminum  evidently  has  some 
slight  influence  upon  the  scattered  rays,  but 
its  effect  is  certainly  less  than  the  errors  of 
observation.  For  present  purposes,  it  may  be 
considered  part  of  the  scattering  material. 
The  various  filters  are  seen  to  diminish 
slightly  the  effect  of  scattered  radiation  upon 
the  film;  the  action  of  the  lead  foil  and  the 
intensifying  screen  filters  is  slightly  greater 
than  that  for  aluminum.  The  effect  of  the 
filters  may  perhaps  be  ascribed  to  the  fact 
that  scattered  rays  making  small  angles  with 
the  film  must  traverse  a  greater  thickness  of 
filter.  While  a  filter  may  tend  to  increase 
contrast  slightly  by  reducing  the  proportion 
of  scattered  rays,  its  action  in  filtering  out 
the  softer  primary  rays  tends  to  reduce  the 
contrast.  An  experiment  to  determine  the 
effect  upon  contrast  of  a  lead  foil  filter 
between  the  scattering  material  and  the  film 
showed  that  the  filter  produced  no  change 
in  the  contrast. 


SUMMARY 

The  relative  photographic  intensities  of 
dift'use  and  primary  focal  radiation  reaching 
the  film  were  measured  under  a  variety  of 
conditions,  showing  the  effects  of  thickness 
of  scattering  material,  sizes  of  cones  or 
diaphragms  between  the  tube  and  the  scatter- 
ing material,  tube  voltage,  and  filters  placed 
between  the  scattering  material  and  the  film. 

Under  conditions  similar  to  those  in  the 
radiography  of  thick  parts,  the  scattered 
radiation  reaching  the  film  is  roughly  from 
four  to  ten  times  the  intensity  of  the  primary 
focal  radiation.  The  intensity  of  the  scat- 
tered radiation  is  small  when  the  thickness 
of  the  scattering  material  is  small  or  when 
the  x-ray  image  is  diaphragmed  to  a  very 
small  size.  Data  on  the  effects  of  thickness 
of  scattering  material  and  image  size  are 
given  in  Table  11,  and  are  shown  graphically 
in  Figures  4,  5,  and  6. 

The  removal  of  any  scattered  radiation 
necessitates  an  increase  in  exposure,  to  com- 
pensate for  the  loss  in  total  ,r-ray  intensity. 
The  exposure  factors  corresponding  to  the 
various  thicknesses  of  w^ater  and  image  sizes 
are  given  in  Column  6  of  Table  II,  and  are 
shown  graphically  in  Figure  8. 

The  ratio  of  diffuse  to  primary  radiation 
reaching  the  film  was  found  to  increase 
slightly  as  the  tube  voltage  was  increased. 

Filters  placed  between  the  scattering  ma- 
terial and  the  film  diminish  slightly  the  pro- 
portion of  diffuse  radiation;  the  filters  are 
of  no  practical  value,  however,  inasmuch  as 
they  do  not  improve  radiographic  contrast. 


REMARKS  ON  THE  MEASUREMENTS  OF 
SCATTERED  RADIATION 

By  MILLARD  B.  HODGSON 


ROCHESTER,  NEW   YORK 


THE  application  of  roentgenology  of  the 
figures  in  Mr.  Wilsey's  paper  on  scat- 
tered x-vays  promises  most  valuable  results, 
for  the  writer  believes  that  this  is  one  of  the 


faw  contributions  of  quantitative  measure- 
ments of  scattered  .r-rays  that  can  be  directly 
applied  in  practical  work. 
A  number  of  physicists — Barkla,  Hull  and 
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otiiers —  have  derived  physical  laws  govern- 
ing the  absorption  and  scattering  of  .r-rays 
by  matter,  but  such  figures  are  exceedingly 
difficult  to  apply  in  roentgenology.  Mr.  Wil- 
sey's  results,  on  the  other  hand,  may  be 
applied  to  such  problems  as  radiography  and 
therapy,  for  the  empirical  formulae  derived 
contain  only  those  factors  that  exist  in  these 
phases  of  .r-ray  science.  For  example,  not 
only  can  it  be  seen  that,  as  the  diphragm 
aperture  is  reduced,  the  volume  of  scattered 
radiation  reaching  the  film  is  reduced,  but 
the  proportional  reduction  of  scatter  may  be 
computed  directly  and  the  necessary  change 
in  exposure  time  compensated  for. 

To  illustrate:  A  kidney  negative  is  taken 
at  25  inches  target-film  distance,  using  a 
diaphragm  that  covers  a  20  inch  circle  at 
the  film.  Let  us  assume  that  eight  inches  of 
tissue  are  passed  through.  The  result  is  a 
gray,  foggy  negative  with  very  little  detail, 
for  the  effect  of  the  image-forming  rays  has 
been  neutralized  by  the  general  fog  produced 
by  the  scattered  rays. 

A  study  of  Mr.  Wilsey's  charts  shows 
that  under  such  conditions  the  scattered 
radiation  reaching  the  film  has  a  value  equal 
to  88  per  cent  of  the  effective  radiation 
striking  it.  That  is,  only  12  per  cent  of  the 
exposure  is  image-forming — the  rest  is  ob- 
scuring detail. 

Substituting  a  diaphragm  that  reduces  the 
circle  of  illumination  to  4  inches  in  diameter, 
we  see  that  the  effect  is  to  reduce  the  scat- 
tered radiation  from  88  to  71  per  cent,  with 
a  proportional  increase  in  the  effectiveness 
of  the  image-^forming  rays. 

The  increase  in  exposure  time  necessary 
to  compensate  for  the  loss  in  total  radiation 
is  also  given  in  the  tables.  For  this  theoret- 
ical case  it  is  necessarv  to  multiply  the 
exposure  by  2.4. 

It  is  well  this  latter  fact  in  mind  in  work 


with  the  Potter-Bucky  diaphragm,  for  the 
reduction  in  scattered  radiation  is  analogous 
to  the  foregoing.  In  the  average  type  of 
Potter-Bucky  diaphragm  on  the  market  at 
present  the  time  factor  is  about  3  or  4.  In 
fact,  unless  such  a  diaphragm  does  have  a 
factor  of  this  order,  it  would  be  of  very  low 
efficiency,  for  it  would  mean  that  there  was 
very  little  reduction  in  the  volume  of  scat- 
tered radiation  striking  the  film. 

This  time  increase  makes  it  desirable  in  a 
great  many  cases  to  use  intensifying  screens, 
and  Mr.  Wilsey's  data  on  the  most  effective 
use  of  these  should  be  studied. 

The  method  used  in  the  paper  in  question 
offers  a  simple  means  of  testing  other  meth- 
ods of  diaphragming,  for  all  the  apparatus 
necessary  is  a  small  cylinder  of  lead  and 
dental  films;  at  least  for  a  qualitative 
estimate. 

It  seems  that  further  applications  of  these 
results  should  be  in  the  field  of  therapy,  for 
here,  obviously,  the  important  thing  to  know 
is  how  much  radiation  is  reaching  each  cubic 
centimeter  of  tissue,  and  it  is  evident  that 
this  may  be  computed,  at  least  approxi- 
mately, from  the  figures  given;  certainly 
with  more  accuracy  than  assuming  a  straight 
logarithmic  absorption  law  or  attempting  to 
deduce  from  physical  measurements  of  ab- 
sorption coefficients. 

In  all  such  applications  it  should  be  borne 
in  mind,  however,  that  the  improvement  in 
quality  of  the  image  obtained  is  of  such  an 
order  of  magnitude  that  errors  in  technique, 
especially  in  the  dark  room  in  the  case  of 
making  negatives,  might  easily  obscure  it; 
therefore  the  more  urgent  is  the  need  of 
standardization  in  technique,  for  obviously 
it  would  be  of  little  use  to  remove  an  obscur- 
ing fog  by  diaphragming  and  later  introduce 
as  dense  a  fog  or  a  heavier  by  improper 
development. 


THE  BUCKY  DIAPHRAGM* 

By  H.  \\'.  VAX  ALLEX,  M.D. 

SPRINGFIELD,    MASSACHUSETTS 


ONE  of  the  most  successful  roentgenolo- 
gists recently  said  that  the  moving 
Bucky  diaphragm  is  the  greatest  advance  in 
our  science  since  the  advent  of  the  Coolidge 
tube.  Great  credit  is  to  be  given  to  Dr. 
Hollis  Potter  of  Chicago  for  the  develop- 
ment of  the  present  status  of  the  method  of 
application  of  the  idea  introduced  by  Bucky 
of  Germany.  The  original  diaphragm  pro- 
duced a  radiograph  covered  by  lines  running 
in  both  directions,  the  result  appearing  as 
though  viewed  through  a  grating,  and  was 
not  a  practical  procedure.  Dr.  Potter's 
method  of  moving  the  grid  during  the  ex- 
posure has  given  us  a  radiograph  that  is  not 
only  practical  in  its  results  but  startling  in 
its  efficiency. 

The  few  moments  I  shall  speak  to  you  I 
will  divide  in  three  portions: 

First.  A  description  of  the  principles  of 
the  diaphragm; 

Second.  The  mechanical  devices  that  aid 
in  making  a  diaphragm  satisfactory,  and 

Third.  Some  points  in  the  use  of  the 
instrument  that  have  been  of  aid  to  me. 

I  presume  most  of  you  know  the  principles 
involved  in  the  Bucky  diaphragm,  but  I  am 
equally  certain  a  few  do  not,  so  I  will  ask 
those  in  the  first  class  to  bear  with  me  during 
a  brief  description. 

When  the  roentgen  ray  is  passed  through 
resisting  substances,  secondary  rays  are 
given  off  by  this  substance.  These  rays  go 
in  all  directions.  Their  excursion  is  short, 
but  they  come  from  all  directions  and  are 
more  in  quantity  than  the  primary  ray. 
These  are  the  rays  that  fog  our  plate,  making 
them  hazy  through  the  thicker  parts  of  the 
body,  and  produce  a  limit  to  our  ability  to 
examine  successfully  very  large  persons.  The 
whole  purpose  of  the  Bucky  diaphragm  is 
to  cut  off  or  strain  out  as  it  were  the  major 
part  of  these  rays  and  leave  the  direct  rays 


unchanged.  Probably  I  can  illustrate  this  in 
the  quickest  manner  by  demonstrating  with 
two  charts  similar  to  those  published  by 
several  authors. 

The  whole  function  of  the  apparatus  is  to 
prevent  the  secondary  or  fogging  rays  from 
striking  the  plate.  Their  angle  is  such  that 
they  cannot  pass  down  through  the  narrow 
spaces  between  the  lead  strips,  but  striking 
the  lead  are  prevented  from  reaching  the 
plate,  while  the  primary  ray  meets  with  no 
such  interference  and  a  plate  results  prac- 
tically clear  from  fog. 

As  to  the  mechanical  perfection  of  the 
diaphragm  many  things  are  necessary  for 
success.  N^aturally,  one  thinks  first  of  the 
grid.  It  must  be  strong  and  yet  light  in 
weight.  This  we  accomplished  by  making  the 
frame  of  huron  metal — as  strong  as  steel 
and  as  light  as  aluminum.  The  wood  strips 
of  which  the  grid  itself  is  made  up  must 
withstand  weather  conditions.  All  wood 
swells  and  shrinks  with  atmospheric  changes. 
Springs  are  placed  at  each  end,  which  keep 
the  slats  pressed  together  under  all  circum- 
stances. An  open  question  is  the  placing  of 
the  lead  strips.  We  experimented  with  var- 
ious models  and  got  the  best  results  with 
about  six  strips  to  the  inch  of  three-quarter 
inch  thickness.  When  the  lead  strips  are 
closer  together  the  actual  amount  of  lead 
becomes  a  factor  in  making  the  exposure 
longer.  It  is  self-evident  that  the  width  of 
the  strips  does  not  retard  the  ray  but  only 
the  thickness  of  the  lead,  so  twice  as  many 
strips  produce  twice  as  much  cutting  off  of 
the  direct  ray.  The  lead  used  was  one  half 
of  one  hundredth  of  an  inch  in  thickness.  It 
is  also  manifest  that  the  wider  the  strips  the 
more  of  the  secondary  rays  are  cut  off.  But 
after  a  little  another  disadvantage  comes  in ; 
that  is,  the  increasing  distance  between  the 
patient  and  the  plate.  Up  to  three  quarters 
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of  an  inch  there  seemed  to  he  no  difference; 
beyond  this  there  came  distortion.  The  lead 
strips  should  go  entirely  through  the  grid, 
as  any  other  method  only  increases  the 
patient-plate  distances,  which  is  one  of  the 
defects  of  this  method  of  examination. 
Hollowing  out  the  strips  in  the  center  of  the 
sides  makes  them  pinch  only  on  the  edges. 
The  wood  strips  must  be  narrower  on  one 
edge  to  insure  perfect  direction  of  the  lead 


A  =  focal  point. 

B  :=  object  to  be  radiographed. 

C  =  plate. 

D  =  primary  ray. 

S  =^  secondare  rav. 


Strips  toward  the  central  point  25  inches 
away  or  the  focal  point  of  the  tube.  The 
motion  of  the  grid  must  be  uniform.  \\t 
tried  several  methods  and  found  two  springs 
better  than  one,  as  any  friction  in  one  was 
replaced  by  the  action  of  the  other.  A  grid 
should  move  in  any  position  with  equal  ease. 
It  is  important  not  only  to  be  able  to  make 
the  exposure  with  the  patient  lying  on  the 
diaphragm  but  also  with  the  patient  standing 
and  the  diaphragm  at  his  back  for  sacro-iliac 
joints.  Again,  if  the  diaphragm  will  work  in 


that  position  it  can  be  placed  at  the  side  of 
the  patient  and  obtain  beautiful  radiographs 
in  pneumoperitoneum.  Ball-bearing  rollers 
on  each  side  a  "V"  shaped  projection  on  the 
grid  insure  this  result.  The  check  to  regulate 
and  make  the  speed  uniform  is  the  commonly 
used  principle  of  a  fluid  passing  through  an 
opening  in  a  piston  head.  A  very  satisfactory 
arrangement  was  made  whereby  this  valve 
can  be  regulated  by  turning  the  piston  rod. 


S'=  points  where  the  secondarj^  ray  strikes  the 
plate. 

D':=  points  where  primary  ray  strikes  the  plate. 

G  =  grid  composed  of  lead  strips  supported  by  in- 
tervening  wood    strips. 

This  made  necessary  only  a  single  rod,  pro- 
jecting from  the  diaphragm,  for  setting  and 
regulating  the  speed.  Also  it  was  found  that 
this  same  valve,  by  means  of  a  retaining 
spring,  could  be  used  for  the  return  of  the 
fluid,  which  obviated  the  necessity  of  a  by- 
pass. The  next  essentials  were  placing  and 
holding  the  plate.  This  is  easy  when  the 
diaphragm  is  flat,  but  more  difficult  in  the 
vertical  position.  Not  only  this,  but  the  plate 
must  be  held  in  any  place  under  the  grid, 
and  for  stereoscopic  work  must  be  replaced 
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in  exactly  the  same  position  again.  A  remov- 
able pan  with  lugs  accomplished  this  for  us. 

Many  minor  things  come  to  one's  mind 
when  working  with  a  new  instrument  of  this 
kind,  as  a  method  of  centering  the  tube,  a 
bell  for  notifying  the  operator  when  the  mo- 
tion of  the  grid  is  about  over,  and  handles 
for  ease  of  placing  the  diaphragm  in  posi- 
tion. Some  method  of  stabilizing  and  com- 
pressing the  patient  is  of  great  value,  es- 
pecially in  the  upright  position. 

As  to  some  of  the  practical  points  in 
working  with  this  diaphragm,  I  am  most 
often  asked  about  the  time  of  exposure.  A 
great  deal  more  than  50  per  cent  of  the 
photo-chemical  effect  on  the  radiographic 
plate  is  produced  by  secondary  radiation. 
Therefore  the  better  the  Bucky  diaphragm 
the  longer  will  be  the  exposure  to  produce 
a  given  amount  of  darkness  on  the  plate. 
The  more  secondary  or  harmful  rays  that 
are  cut  out  the  more  primary  rays  will  be 
needed.  In  actual  practice  however  the  time 
of  exposure  is  not  greatly  lengthened,  as 
with  no  more  fear  of  the  large  amount  of 
secondary  rays  set  up  by  hard  primary  rays. 
longer  spark-gap  becomes  a  distinct  advan- 
tage in  penetrating  the  head  and  torso  of 
large  patients.  This  is  particularly  true  in 
the  case  of  those  of  us  who  have  been  using 
short  spark-gaps  in  our  work.  Those  already 
using  long  spark,  of  course,  will  of  necessity 
increase  the  time  of  exposure  when  using  the 
diaphragm.  The  larger  the  patient  the  harder 
the  ray  required  and  the  more  secondary 
rays  produced.  These  are  cut  off  by  the 
diaphragm,  so  this  makes  it  possible  to  say, 
relativelv  speaking,  the  larger  the  patient  the 
better  the  plate. 

When  is  it  best  to  use  a  diaphragm?  On 
all  thick  parts.  When,  however,  we  get  down 
to  about  three  inches  of  flesh  the  advantages 
of  the  diaphragm  are  offset  by  the  distance 
of  the  patient  from  the  plate  and  it  is  no 
loager  of  use. 

Must  the  tube  be  just  25  inches  from  the 
plate?  No,  but  placing  the  tube  nearer  or 


farther  away  causes  the  direct  ray  to  strike 
the  lead  strips  not  exactly  on  edge  but  makes 
the  shadow  of  the  strips  wider  and  this  in- 
creases the  obstruction  and  length  of  expo- 
sure, which  in  the  case  of  more  than  25 
inches  added  to  the  distant  effect  multiplies 
rapidly.  The  upright  position  becomes  very 
valuable  in  showing  ptosis  of  organs,  as  the 
stomach,  kidney,  etc. ;  also  luxation  of  the 
sacro-iliac  joint  and  fifth  lumbar  vertebra. 
Side-to-side  plates  become  of  value  when 
taken  with  the  added  clearness  obtained  by 
this  method. 

A  very  practical  caution  I  wish  to  call  to 
your  attention  is  the  danger  of  a  burn.  These 
patients  are  usually  large.  Were  it  not  for 
the  25  inches  required  by  the  grid  one  would 
naturally  increase  the  distance.  By  not  doing 
so  the  skin  target  is  quite  short.  Some  defect 
in  the  technique  may  have  caused  you  to  get 
a  corresponding  defect  in  the  plate.  Care 
must  be  used  not  to  get  an  erythema  skin 
dose  by  repeated  exposures. 

The  grid  must  be  in  motion  during  the 
entire  exposure ;  the  least  variation  from  this 
rule  will  give  undesirable  lines.  If  for  any 
reason  it  seems  desirable  several  excursions 
of  the  grid  may  be  made  for  a  single 
radiograph. 

I  have  of  late  been  using  a  curved  cassette 
with  considerable  advantage.  The  curve  is 
the  same  as  that  of  the  grid.  In  this  way  all 
parts  of  the  film  are  equally  distanced  from 
the  focal  spot  and  receive  equal  energy. 
Each  ray  strikes  the  plate  at  right  angles 
and  consequently  there  is  no  distortion,  and 
the  fuzzy  appearance,  so  common  in  objects 
distant  from  the  plate,  is  obviated.  It  is  also 
evident  that  a  film  curved  in  this  way  will 
cover  more  of  the  cone  of  rays  coming  from 
the  focal  spot  than  the  same  plate  straight 
at  the  distance  of  the  center  of  the  cone. 

In  conclusion  I  submit  that  the  Potter- 
Bucky  diaphragm  has  come  to  stay  as  a 
great  aid  to  roentgenologists.  Its  final  form 
may  be  quite  different,  but  the  principle  is 
permanent. 
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By  DAVID  RALPH  BOWEN,  M.D. 

Roentgenologist,   Pennsylvania   Hospital 

PHILADELPHIA,    PENNSYLVANIA 


"C^  STIMATES  of  the  value  of  the  Potter- 
•*-'  Bucky  diaphragm  as  an  advance  in  roent- 
genography will,  doubtless,  vary  consider- 
ably among  roentgenologists.  But  among 
those  who  have  mastered  its  technique,  we 
are  sure  these  estimates  will  all  be  high.  It  is 
hardly  conceivable,  for  the  present,  that  one 
who  has  learned  to  use  this  device  success- 
fully will  be  content  to  do  without  it. 

There  are,  however,  serious  practical  ob- 
jections to  the  apparatus  as  at  present  deliv- 
ered by  the  various  makers.  The  equipment 
used  by  Dr.  Potter,  in  which  the  diaphragm 
is  adjustable  under  a  canvas  stretcher  on 
which  the  patient  reclines,  is  ideal ;  but  very 
few  have  the  discarded  apparatus  which  Dr. 
Potter  utilized  in  his  office,  and  to  construct 
such  an  apparatus  de  novo  entails  an  expense 
which  many  will  wish  to  avoid. 

The  apparatus  here  described  has  proven 
practical.  It  obviates  all  necessity  of  handling 
the  heavy  and  somewhat  unwieldy  apparatus 
and  since  we  have  had  it  we  notice  an  incli- 
nation to  increase,  rather  than  decrease,  the 
number  of  cases  in  which  we  use  it. 

It  consists  primarily  of  a  simple  wooden 
table  constructed  at  the  Pennsylvania  Hos- 
pital by  the  house  carpenter.  The  top  of  the 
table  is  made  to  conform  to  the  curve  of  the 
diaphragm,  from  which  it  extends  two  feet 
on  one  end  and  three  feet  on  the  other,  mak- 
ing a  table  practically  seven  feet  long,  with 
a  recess  into  which  the  diaphragm  sets  so  as 
to  be  flush  with  this  curved  top.  In  use,  a 
folded  bed-sheet  is  always  laid  lengthwise  of 
of  the  entire  table  and  upon  this  the  patient 
is  placed.  Even  with  patients  weighing  two 
hundred  pounds  and  over  it  is  not  difficult 
to  shift  them  lengthwise  of  the  table  to  any 
desired  point  by  pulling  on  one  or  the  other 
end  of  the  sheet.  If  the  top  of  the  table  is 
properly  polished  this  maneuver  will  be 
found  surprisingly  easy;  and  it  is  believed 


that  the  centering  can  actually  be  done  in 
less  time  than  by  any  of  the  various  mech- 
anisms which  might  be  suggested  for  the 
purpose. 

Having  proceeded  this  far  it  becomes  de- 
sirable to  center  the  tube  over  the  diaphragm 
after  the  patient  is  in  place.  This  is  accomp- 
lished by  a  device  which  we  may  call  a  bridge, 
illustrated  in  the  cut  at  A.  By  appropriate 
marks  on  either  side  of  the  diaphragm,  this 
bridge    is    readily    placed    so    that    a    hole 


Fig.  I.  Showing  table  described  with  the  diaphragm, 
bridge  and  tube  in  position. 

through  the  top  of  it  is  directly  perpendicular 
to  the  top  of  the  diaphragm,  and  twelve 
inches  above  it.  By  means  of  a  plumb-bob, 
illustrated  at  B  and  elsewhere  described\ 
the  focus  spot  of  the  tube  is  centered  directly 
over  this  mark  on  the  bridge  and  thirteen 
inches  above  it.  If  a  single  exposure  is  to  be 
made,  the  tube-stand  is  fastened  at  this  point 
and  both  the  bridge  and  plumb-bob  are  re- 
moved. Stereoscopic  exposures  are  accom- 
plished by  dividing  the  stereoscopic  shift, 
'^Am.  J.  Roentgenol.,  February,  1918,  V,  60. 
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half  toward  the  head  and  half  toward  the 
feet,  from  this  center  point.  (Because  of 
difficulty  in  lighting,  a  tube-stand  has  been 
used  in  the  accompanying  illustration  which 
does  not  permit  shifting  in  this  direction.) 
It  is  vitally  important,  in  using  this  dia- 
phragm, that  the  operator  should  know,  all 
the  time,  just  what  proportion  of  the  excur- 
sion of  the  diaphragm  has  been  accom- 
plished. A  bell  which  rings  near  the  end  of 
the  exposure  is  of  doubtful  utility  and  fre- 
quentl}-  disturbs  the  patient,  when  such  dis- 
turbance is  least  desired.  We  have  adopted 
a  signal  device,  illustrated  at  C.  one  end  of 
which  is  connected  by  a  cord  with  the  mov- 
ing member  of  the  diaphragm.  During  the 
excursion,  the  end  of  this  pointer  travels 
from  the  high  point  at  which  it  is  illustrated 
to  the  white  spot  at  D.  This  arrangement 
permits  constant  visibility  of  the  excursion 
in  the  position  in  which  we  work.  It  could, 
of  course,  be  arranged  at  either  end  or  even 
above  the  table. 


These  suggestions  are  offered  as  having 
greatly  increased  our  efficiency  in  the  use  of 
this  instrument  and  as,  perhaps,  being  adapt- 
able by  variations  to  many  other  labora- 
tories. Dr.  Manges  has,  for  instance,  found 
it  possible  at  the  Jefferson  Hospital  to  have 
both  table  and  tube-stand  in  a  fixed  position, 
so  that  it  is  necessary  only  to  center  the 
patient  on  the  table. 

Perhaps  no  one  factor  has  caused  so  much 
disappointment  in  the  use  of  the  Potter- 
Bucky  diaphragm  as  the  lack  of  contact  of 
the  film  with  double  intensifying  screens.  We 
have  found  that  a  set  of  six  wooden  wedges, 
forced  under  the  ends  of  the  three  springs 
on  the  back  of  the  cassette,  has  almost  elim- 
inated this  trouble.  Such  a  proceedure  is 
crude,  of  course,  but,  pending  the  time  when 
cassettes  which  really  force  contact  between 
film  and  screen  over  the  entire  surface  are 
obtainable,  we  believe  that  this  maneuver 
will  more  than  repay  the  little  extra  effort 
which  it  entails. 


DISCUSSION  OF  DR.  J.  H.  ULLMANN'S  PAPER 

"Practical  Application  of  the  Sphere  Gap   to  Roentgenotherapy" 

(Published  in  the  April  Issue) 


Dr.  J.  G.  Van  Zwaluwenburg.  I  should 
like  to  ask  Dr.  UUmann  if  the  error  does  not 
become  progressively  greater  as  you  increase 
the  filtration,  and  whether  minor  differences 
in  penetration  do  not  produce  disproportion- 
ately large  fluctuations  in  the  quantity  of  the 
emergent  ray,  because  of  the  relatively 
greater  absorption  of  the  softer  ray  compared 
with  the  harder  ray.  This  might  have  a  very 
important  influence  in  our  determination  of 
the  standard  erythema  dose  for  the  indivi- 
dual machine  and  "set  up." 

Dr.  Hollis  E.  Potter.  First,  Dr.  Ullmann 
has  shown  that  there  is  a  discrepancy  betwedi 
supposed  and  actual  voltage  of  as  high  as 
35  or  40  per  cent.  This  discrepancy  is  enough 
to  account  for  the  difference  between  burns 
and  under-dosage. 

Second,  peak  voltage  is  one  of  the  most 
important  factors  in  determining  the  dosage, 


since  it  is  one  of  the  two  factors  that  vary 
according  to  the  square.    ' 

It  is  accepted  among  engineers  that  the 
sphere  gap  is  the  one  best  way  to  measure  the 
voltage  of  high  tension  currents,  and  it  is  about 
the  only  way  to  standardize  a  given  machine 
so  that  it  can  be  made  to  duplicate  results 
obtained  on  other  apparatus. 

It  is  to  be  hoped  that  the  manufacturers  of 
apparatus  to  be  used  in  therapy  will  provide 
suitable  sets  of  sphere  gaps  that  can  be  used 
by  therapists.  It  is  not  for  routine  readings  for 
the  occasional  verification  of  their  voltmeters. 

Dr.  H.  J.  Ullmann.  I  spoke  of  using  6.25 
or  12.50  cm.  spheres  because  one  can  get  tables 
showing  breakdown  voltage  for  these  sizes. 
I  used  a  12.50  cm.  sphere  for  this  work  (12.50 
cm.  is  about  5  inches)  as  it  is  the  most  con- 
venient size  for  the  range  of  voltage  that  we 
have   to   measure.    My   apparatus   will   go   to 
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about  i8o  kilovolts  effective  before  it  reaches 
the  hmit  of  the  dimensions  laid  down  as  a 
standard. 

For  accurate  work  the  longest  gap  should 
not  be  greater  than  the  diameter  of  the  spheres 
but  in  practice  a  gap  not  more  than  three  tmies 
the  radius  may  be  used.  The  sphere  diameter 
should  not  vary  more  than  oo.i  per  cent,  or 
the  curvature  more  than  i  per  cent  from  a 
true  sphere.  The  spheres  should  be  at  least 
twice  the  gap  setting  from  surroundings  and 
the  shanks  not  greater  than  one-fifth  the 
sphere  diameter. 

In  regard  to  filtration  I  have  some  figures 
here  based  on  the  work  of  Dr.  Hall  of  Schen- 
ectady, published  in  the  Proceedings  Ameri- 
can Institute  Electrical  Engineers.  Approxi- 
mately 50  per  cent  of  all  the  rays  passing 
through  5  mm.  of  aluminum  at  90  KV  effec- 
tive are  of  the  ver^^  hard  order  and  at  80  KV 
the  proportion  is  4  per  cent  lower,  i.  e.,  46  per 
cent.  Also  according  to  Dr.  Hall's  curve  if 
the  volume  of  ray  of  about  0.2  angstrom  in 
length  is  60  at  80  KV,  it  will  be  100  at  90. 


In  regard  to  the  question  of  motors  in  direct 
current  machines  these  tests,  with  one  excep- 
tion, were  all  made  on  alternating  current 
outfits.  There  is  no  variation  in  voltage  read- 
ings at  dift'erent  cycles  within  the  commercial 
range.  I  do  not  know  if  the  readings  would  be 
affected  by  variations  above  or  below  these. 

I  would  like  to  ask  Mr.  Darnell  to  tell  us  if 
there  would  be  a  variation  under  conditions 
liable  to  be  met  with  in  our  work. 


Mr.  Darnell.  I  am  not  sure;  it  depends 
upon  .circumstances.  It  is  very  likely  a  change 
in  speed  on  machine  would  change  the  speed 
of  all  waves,  and  point-gap  machines  differ.  It 
is  very  likely  the  sphere  gaps  between  the  ma- 
chines are  equal — you  might  say  so  far  as  we 
know.  It  is  the  heat  of  wave  which  is  impor- 
tant so  far  as  therap}'  is  concerned. 


Mr.   Ante.   The  diameter  of  the  sphere 
the  exact  diameter  of  the  spark  gap. 
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WASHINGTON  MEETING 

The  Twenty-second  Annual  Meeting  of 
The  American  Roentgen  Ray  Society 
will  be  held  in  Washington,  September  27, 
28,  29  and  30,  1 92 1.  Headquarters,  meetings 
and  exhibits  will  be  at  the  Hotel  Washington, 
Pennsylvania  Avenue,  opposite  the  Treasury. 

Hotel  accommodations  for  members  and 
guests  may  be  arranged  at  the  Washington 
Hotel  and  The  New  Ebbitt.  In  making  res- 
ervations state  that  you  are  attending  the 
meeting  of  The  American  Roenrten  Ray 
Society.  Mr.  A.  Gumpert,  Manager  of  the 
New  Ebbitt,  has  agreed  to  see  that  all  those 
attending  the  Convention  are  taken  care  of. 
Therefore  anybody  not  getting  what  he 
wants  should  communicate  direct  with  him. 

The  hotel  rates  are  as  follows: 

Hotel  Washington,  every  room  having 
private  bath  with  shower,  tub  and  running 
ice  water  (European  plan  only) : 


Single  rooms 

Double  rooms  (double  bed) 

Double  rooms  (twin  beds) 


Per  day 
$5.00  to  $7.00 
8.00 
10.00  to  12.00 


The  New  Ebbitt  (European  plan  only)  •. 

Per  day 
Single  room  without  bath  $2.50 

Single  room  with  bath  4.00 

Double  room  without  bath,  each  person  $2.50 
Double  room  with  bath,  each  person         3.50 

Also  a  number  of  large  suites,  both  with 
and  without  bath,  which  will  comfortably 
accommodate  upwards  of  four  persons.  On 


these  suites  they  would  make  a  rate  of  $3.00 
per  day  each  person,  with  bath,  or  $2.00  per 
day  each  person  without  bath. 

For  information  regarding  the  program, 
those  wishing  to  read  papers  or  to  show 
slides  at  the  meeting  should  communicate 
direct  with  the  President,  Dr.  A.  C.  Christie, 
1 62 1  Connecticut  Avenue,  N.  W.,  Washing- 
ton, D.  C. 

For  information  regarding  commercial  ex- 
hibits and  other  business  matters  connected 
with  the  meeting,  address  the  Business  Man- 
ager, Paul  B.  Hoeber,  67-69  East  59th 
Street,  New  York  City. 

It  is  hoped  to  arrange  for  special  trains 
and  cars  from  various  sections.  Details  re- 
garding this  will  be  announced  later. 

preliminary    announcements 

Dr.  A.  C.  Christie,  President  of  the  So- 
ciety, announces  that  plans  for  the  program 
of  the  Annual  Meeting  of  the  Society  next 
fall  are  now  well  under  way.  Dr.  Rene 
Ledoux-Lebard  will  give  the  Caldwell  Lec- 
ture on  the  subject  of  "Deep  Roentgen 
Therapy."  It  is  planned  to  give  a  much 
larger  place  on  the  program  to  papers  on 
therapy  than  has  hitherto  been  done.  The 
plan  is  to  hold  the  meeting  for  four  days, 
giving  the  entire  first  day  to  papers  on  ther- 
apy and  to  have  the  papers  on  physics  during 
the  forenoon  of  the  second  day.  This  will 
enable  those  who  are  interested  only  in 
therapy  to  leave  about  the  middle  of  the 
second  day,  while  those  interested  only  in 
roentgen  diagnosis  would  not  feel  it  neces- 
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sary  to  attend  until  the  beginning  of  the  sec- 
ond day.  Those  interested  in  both  diagnosis 
and  therapy  would  probably  wish  to  be  pres- 
ent the  entire  four  days. 

It  is  believed  that  this  plan  will  make  the 
meeting  of  interest  to  a  much  larger  number 
of  men.  It  is  requested  that  those  who  have 
papers  to  present  at  the  meeting  communi- 
cate with  the  President  of  the  Society  at  as 
early  a  date  as  possible. 


X-RAY  WORK  FROM  THE  VIEWPOINT 
OF  AN  INTERNIST 

The  address  by  Dr.  George  Dock  before 
the  Central  Section  of  The  American 
Roentgen  Ray  Society  is  of  more  than 
passing  interest.  It  is  an  appraisement,  a  cri- 
tique, and  an  appeal.  The  roentgenologist 
whose  medical  training  fits  him  to  respond  to 
this  address  will  find  therein  a  powerful  in- 
centive not  merely  to  do  better  work  but  to 
do  the  best  work.  The  words  carry  unusual 
weight  because  they  were  uttered  by  the  one 
internist  of  the  English  speaking  world  upon 
whose  shoulders  has  fallen  the  mantle  of 
William  Osier. 

Dr.  Dock's  interest  in  .r-ray  work  began 
with  Roentgen's  discovery.  He  watched  it 
at  first-hand  abroad  and  at  home.  On  his 
invitation  the  writer  gave  the  first  talk  on 
the  ,i'-ray  examination  of  the  chest  de- 
livered at  a  great  University  where  for 
many  years  he  held  the  chair  of  medicine. 
It  was  due  to  his  influence  that  the  same 
University  obtained  its  first  appropriation 
of  funds  for  an  .r-ray  installment.  His  in- 
terest in  this  revolutionary  means  of  diagno- 
sis has  expanded  with  its  development,  al- 
though he  has  never  himself  undertaken  the 
technical  part  of  the  work. 

But  he  has  never  ceased  to  be  the  skillful 
and  cultured  internist.  The  traditions  of  the 
great  masters  are  no  less  dear  to  him  now 
because  a  new  science  of  diagnosis  is  being 
written.  The  stethoscope,  the  microscope  and 
the  test  tube  are  still  no  less  important  be- 
cause of  the  revelations  of  the  tube  and  film. 
The  fine  art  of  taking  histories  and  of  mak- 


ing the  physical  examination  is  now,  no  less 
than  in  the  days  of  Laennec,  the  founda- 
tion of  the  diagnostics  of  internal  medicine. 

These  ideals  of  the  internist  he  would 
plant  in  the  minds  of  the  roentgenologist. 
The  search  for  the  pathognomonic  sign,  like 
the  search  for  the  philosopher's  stone,  is 
futile  although  strangely  fertile  in  unex- 
pected fruit.  The  work  of  diagnosis  is  not 
shortened  by  the  discovery  of  new  methods. 
It  is  amplified  and  more  accurate,  but  yet 
in  need  as  much  as  ever — perhaps  more  than 
ever — of  the  correlating  power  which 
comes  only  from  a  complete  knowledge  of 
the  patient.  The  roentgenologist  must  re- 
frain, therefore,  from  issuing  diagnoses 
upon  .r-rav  premises  but  give  instead  roent- 
gen interpretations. 

Doctor  Dock's  address  is  not  sugar-coated. 
His  criticisms  are  sharp  and  basic.  His  acid- 
ulous remarks  are  destructive  of  inferior 
methods  but  preservative  of  the  best.  How- 
ever perfect  may  become  .I'-ray  technique 
and  however  skillful  the  roentgenologist, 
vet  in  the  accumulated  experience  and 
achievement  of  pre-roentgen  times  lies  a 
bodv  of  diagnostic  methods  which  the  med- 
ical world  will  never  willingly  let  die. 

However  much  we  may  admire  the  vigor, 
sanity  and  insight  displayed  by  Dr.  Dock 
we  cannot  but  take  issue  with  him  over  at 
least  one  point.  This  is  the  statement 'that 
the  roentgenologist  has  never  satisfactorily 
demonstrated  his  reasons  for  deciding  upon 
the  activity  of  a  tuberculous  lesion  in  the 
lung  from  a  single  examination.  If  he  had 
said  that  the  activity  or  quiescence  of  such 
a  lesion  cannot  always  be  decided  by  a 
single  examination  we  would  unhesitatingly 
agree.  In  fact  in  a  previous  editorial  in  the 
Journal  we  emphasized  the  difficulties  and 
dangers  of  diagnosticating  activity  from 
single  jr-ray  examinations  and  urged  the 
use  of  serial  plates.  But  we  believe  that  the 
pages  of  the  Journal  and  the  works  of 
many  roentgenologists  without  regard  to 
nationality  have  clearly  defined  the  distinc- 
tive attribute  of  the  active  pulmonary  le- 
sion when  found  on  the  .r-ray  plate.  Un- 
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fortunately  it  is  not  present  in  all  stages  of 
activity  or  in  all  types  of  pulmonary  tubercu- 
losis. But  when  found  it  surpasses  all  other 
clinical  signs  in  directness  and  simplicity.  It 
is  merely  the  nebulous,  borderless  character 
of  the  shadow  of  activity.  Form  and  distri- 
bution may  also  be  at  times  decisive  factors, 
but  it  is  the  nebula  which  marks  the  focus  in 
active  evolution,  the  final  end  of  which  is  the 
smaller  dense  calcification  of  quiescence. 

The  nebulous  quality  of  the  shadow  de- 
pends upon  the  fact  that  activity  means 
inflammation  and  inflammation  means  in- 
creased blood,  serum  and  leucocytes  in  the 
lung  tissue  and  these  in  turn  mean  density. 
The  nebula  may  be  parenchymatous  or  lym- 
phatic or  it  may  be  seen  as  a  halo  about  a 
calcified  focus  not  yet  wholly  quiescent. 
Classifications  still  vary,  but  by  lymphatic 
we  mean  a  line  or  stalk  of  nebulous  density 
running  to  the  hilum  from  a  small  calcified 
particle  well  out  in  the  lung  field.  In  some 
cases  scores  of  these  radiation  nebulous 
drainage  lines  may  be  traced,  each  one  start- 
ing from  a  calcified  particle  about  which  is  a 
soft  halo.  These  may  be  seen  best  on  stereo- 
scopic films  using  double  screens,  the  briefest 
possible  exposure  with  a  soft  tube,  and  a 
long  distance  between  tube  and  patient. 

It  may  also  be  asserted  and  defended  that 
good  A--ray  plates  are  always  right  and  that 
only  the  interpretation  is  wrong.  If  a  "large 
pneumothorax"  or  a  "fairly  extensive  tub- 
erculosis" is  missed  by  the  roentgenologist 
it  is  the  man  and  not  the  method  that  is  to 
blame.  We  cannofbut  believe  that  any  pul- 
monary lesion  which  brings  about  changes 
in  density  is  susceptible  of  .r-rav  demonstra- 
tion. 

The  limits  of  an  editorial  allow  us  to  be 
suggestive  merely  and  we  leave  to  other  and 
more  capable  hands  the  full  exposition  of 
these  and  other  points  which  Dr.  Dock  flings 
out  as  a  challenge. We  need  the  stimulus  of 
such  handling.  We  regret  that  he  let  slip  the 
opportunity   for  good-natured  but   invigor- 


ating sarcasm  regarding  the  roentgen  diag- 
nosis of  gallstones.  We  are  satisfied,  how- 
ever, that  he  has  left  few  fallacies  unprod- 
ded  so  far  as  the  roentgen  diagnosis  of  chest 
lesions  is  concerned. 

There  are  two  sides  to  every  question.  We 
enthusiastically  agree  with  Dr.  Dock  that 
;r-ray  interpretation  is  greatly  assisted  by 
clinical  data.  But  the  converse  is  doubly  true. 
Not  only  are  clinical  findings  frequently  re- 
interpreted by  .r-ray  means  but  the  internist 
himself  has  been  trained  to  a  skill  formerly 
unattainable  in  thoracic  diagnosis  by  the  re- 
peated disclosures  of  plate  and  screen. 

In  the  last  analysis  the  plate  and  screen 
are  but  the  added  resources  of  the  internist. 
The  thermometer,  the  stethoscope  and  the 
whole  clinical  laboratory  were  at  first  fought 
and  disciplined  before  they  were  adopted  as 
legitimate  members  of  the  family.  We  have 
reached  the  stage  of  being  disciplined.  May 
we  not  turn  the  tables  and  adopt  the  intern- 
ist as  a  legitimate  roentgenologist? 

A.  W.  Crane. 

EXTERNESHIPS  AT  MOUNT  SINAI 

There  has  been  established  at  the  Mount 
Sinai  Hospital,  New  York  City,  a  system  of 
externeships  in  the  A'-Ray  Department. 
There  are  to  be  two  externes,  each  serving 
one  year,  one  beginning  February  ist  and  the 
other  August  ist.  The  next  appointment  be- 
gins on  August  ist,  1 92 1. 

OBITUARY  NOTICE 

The  announcement  has  just  been  received 
of  the  death  of  Dr.  Heinrich  Ernst  Albers- 
Schonberg,  of  Hamburg,  an  Honorary  Mem- 
ber of  The  American  Roentgen  Ray  So- 
ciety. Dr.  Albers-Schonberg  died  on  June 
4th  at  Allgemeines  Krankenhaus  St.  Georg, 
Hamburg,  from  pneumonia.  He  was  in  his 
fiftv-seventh  year.  An  obituary  will  be  pub- 
lished in  a  later  issue  of  the  Journal. 
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Surgery,  its  Principles  and  Practice. 
Edited  by  William  Williams  Keen,  M.D., 
L.L.D.  855  pages,  359  illustrations,  17  of 
them  in  colors.  \\'.  B.  Saunders  Company, 
Philadelphia. 

This  volume  of  Keen's  Surgery  is  one  of 
two  volumes  designed  to  complete  this  stand- 
ard work  on  surgery  up  to  the  year  1919.  Dr. 
Keen  states  in  the  preface  that  "these  volumes 
do  not  only  record  the  achievements  of  sur- 
gery from  1914  to  1919.  They  also  fulfill  a 
second  purpose  I  have  had  in  view,  viz. ;  they 
make  available  for  the  surgery  of  peace  the 
lessons  taught  us  during  the  war." 

Some  of  the  chapter,  such  as  those  on  "In- 
flammation" and  "Syphilis,"  are  supplementary 
to  chapters  in  previous  volumes.  The  high 
standing  of  the  authors  of  these  chapters  is 
sufficient  guarantee  of  their  excellence. 

A  large  part  of  the  volume  deals  with  war 
surgery,  either  directly  or  in  its  effect  upon  the 
surgery  of  civil  life.  This  is  indicated  by  such 
chapter  headings  as  the  following:  "Organ- 
ization and  Administration  of  the  Medical 
Department  of  the  United  States  Army  in 
War" ;  "Organization  and  Administration  of 
the  Medical  Department  of  the  United  States 
Navy  in  War"  ;  "Surgery  in  a  Fighting  Ship"  ; 
"  'Traumatic'  Hysteria  including  so-called 
'Shelf  Shock'";  "The  Bacteriology  of  War 
Wounds" ;  "Gunshot  Fractures" ;  "The  Path- 
ology of  Gunshot  Wounds  and  other  Injuries 
of  the  Nervous  System";  "Military  Surgery 
of  Joints";  "Military  Orthopedic  Surgery," 
and  "]\Iilitary  Surgery  of  the  Vascular 
System." 

The  entire  volume  will  undoubtedly  take 
its  place  as  a  valuable  part  of  a  standard  work 
on  surgery  which  is  itself  quite  invaluable  to 
any  one  practicing  surgery  in  any  of  its 
branches,  or  any  specialty  related  to  surgery. 

It  must  seem  to  the  roentgenologist,  how- 
ever, that  the  object  of  the  author  to  "make 
available  for  the  surgery  of  peace  the  lessons 
taught  us  during  the  war"  has  been  quite  in- 
adequately met,  so  far  as  roentgenology  is  con- 
cerned.   This    is    especially   noticeable    in   the 


chapter  by  Ashford  on  "Organization  of  the 
United  States  Army  in  War."  The  service 
rendered  by  the  .sr-ray  during  the  war  both  to 
the  internist  and  to  the  surgeon  was  so  gen- 
erally recognized  that  there  seems  to  be  little 
ground  for  argument  on  that  point.  The  de- 
velopment of  the  bedside  roentgen  apparatus 
was  carried  to  a  high  degree  of  perfection. 
Its  use  in  assisting  in  the  diagnosis  of  empy- 
emas and  numerous  other  complications  during 
the  influenza  epidemic  can  hardly  be  over- 
estimated. Since  the  war  this  apparatus  has 
come  into  general  use  in  civil  institutions. 
The  importance  of  the  .ar-ray  in  determining 
the  presence  and  in  the  localization  of  foreign 
bodies  was  so  well  recognized  that  it  merits 
more  than  the  casual  mention  accorded  it. 
Possibly  such  considerations  were  thought  to 
be  beyond  the  scope  of  Colonel  Ashford's 
chapter.  Several  pages,  however,  are  given 
over  to  a  description  of  portable  laboratory 
apparatus  and  no  mention  whatever  is  made 
of  portable  x-vdiy  apparatus.  The  portable 
.r-ray  apparatus  developed  by  the  Medical  De- 
partment of  the  U.  S.  Army  was  a  great  ad- 
vance over  such  apparatus  used  by  other 
armies  both  in  its  portability  and  efficiency. 
It  was  used  to  do  the  unprecedented  amount 
of  ;r-ray  work  in  evacuation  hospitals,  served 
as  the  x-rdiy  equipment  of  mobile  hospitals, 
and  even  some  field  hospitals,  such  as  those 
with  the  I  St,  2nd  and  3rd  Divisions,  were 
equipped  with  it  and  used  it  extensively. 

The  above  criticism  does  not  apply  to  the 
article  on  "Military  Surgery  of  the  Vascular 
System"  by  Matas.  He  states  that  "The  ex- 
traction of  foreign  bodies  from  the  heart, 
pericardium,  and  great  vessels  constitutes  one 
of  the  crowning  triumphs  of  surgery  in  the 
late  war."  This  was  due  to  two  factors — the 
greater  frequency  with  which  artillery  pro- 
jectiles and  explosive  shells  were  used  and  the 
"more  systematic  and  routine  examination  of 
thoracic  organs  by  T-ray,  not  only  radiograph- 
ically,  but  radioscopically,  which  has  revealed 
the  presence  of  projectiles  in  the  heart,  peri- 
cardium, and  great  vessels  where  their  pres- 
ence was  not  even  suspected."  Ombredanne 
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and  Ledoux-Lebard  are  quoted  to  the  effect 
that  examination  of  French  sources  shows  a 
total  of  2,000  extractions  of  projectiles  made 
with  assistance  of  radiographic  and  other 
localizing  apparatus,  with  failure  to  extract 
the  bodies  in  only  three  cases.  It  is  impossible 
at  the  present  time  to  give  an  estimate  of 
operations  on  the  heart  for  extraction  of 
foreign  bodies  in  all  the  armies,  but  accessible 
reports  are  sufficient  to  prove  that  "a  delib- 
erate, well  planned  surgical  operation,  es- 
pecially in  qualified  hands,  can  be  performed 
with  a  fair  prospect  of  success." 

Numerous  cases  are  mentioned  of  migra- 
tion of  foreign  bodies  from  the  heart  cham- 
bers into  the  blood  vessels,  both  through  art- 
eries and  veins,  and  also  of  migration  from 
the  vessels  with  lodgment  in  the  heart. 

Summary  of  the  lessons  bearing  upon 
surgery  of  heart  in  general  and  upon  extrac- 
tion of  foreign  bodies  in  particular  is  as 
follows : 

1.  The  indispensable  association  and  collab- 
oration of  the  radiologist  with  the  surgeon  for 
diagnostic  and  surgical  purposes. 

2.  The  proved  efficiency  of  this  combination 
has  added  vastly  to  the  safety  of  intra-thoracic 
manipulations  and  to  procedures  for  the  ex- 
traction of  foreign  bodies  which  hitherto  had 
been  regarded  as  largely  impracticable. 

3.  Modifications  in  the  technique  of  thorac- 
otomy which,  utilizing  the  older  suggestions 
and  methods,  have  been  revised  and  extended 
in  the  light  of  a  new  and  larger  experience. 

4.  The  disregard  of  the  pleura  and  of  the 
risks  of  acute  surgical  pneumothorax,  con- 
trary to  all  preconceived  notions  of  the  gravity 
of  this  complication  in  antebellum  days. 

The  radiologic  peculiarities  of  projectiles  in 
the  heart  are  discussed.  Radioscopy  is  pref- 
erable to  radiography.  In  the  auricular  cavities 
according  to  Laurent  of  Brussels,  M.  Barnet, 
and  Ledoux-Lebard,  the  foreign  body  has  a 
whirling  or  oscillatory  movement  and  ex- 
hibits very  rapid  and  incessant  motion.  In  the 
ventricles  the  movements  are  more  definitely 
linear  or  pendulum-like  in  character.  The 
movement  of  missiles  in  the  myocardium  is 
characteristic.  One  motion  is  vertical  and  the 
other  horizontal  and  quite  invariable,  in  con- 
trast to  the  variable  movements  of  a  foreign 
body  in  one  of  the  heart  cavities. 

It  is  impossible  within  the  limits  of  this  re- 
view even  to  touch  upon  many  of  the  points 


discussed  in  this  article.  The  entire  section 
merits  very  careful  study  by  the  surgeon  and 
roentgenologist. 

In  the  chapter  by  Pool  on  "Military  Surgery 
of  the  Joints"  is  the  following  paragraph  : 

The  success  of  the  operation  depends  large- 
ly upon  the  thoroughness  of  the  roentgenolo- 
gist's examination  and  the  accuracy  of  his 
findings.  His  report  should  be  made  according 
to  a  definite  system.  The  following  routine 
has  been  found  the  most  satis  factor}-. 

"Anatomic  site  and  size  of  each  foreign 
body  in  millimeters,  depth  in  millimeters,  po- 
sition of  the  part,  if  it  is  not  in  the  anatomic 
position ;  bone  lesions.  For  instance,  'Right 
knee,  FB  10  x  15  mm.,  50  mm.  in  depth,  under 
the  point  marked  on  the  skin,  the  limb  being 
in  45  degrees  outward  rotation ;  comminuted 
fracture  of  internal  condyle,  no  displacement." 

In  the  chapter  on  "Orthopedic  Surgery  of 
Civil  Life"  is  a  paragraph  on  x-ray  diagnosis 
of  tuberculous  bone  and  joint  disease  and  on 
page  614  a  description  of  the  .r-ra\'  appear- 
ances in  rickets. 

It  is  to  be  hoped  that  the  forthcoming  vol- 
ume of  the  Surgery  will  contain  some  account 
of  the  jr-ray  work  done  during  the  war,  along 
many  other  lines,  comparable  to  that  in  the 
section  by  Matas  on  "Military  Surgery  of  the 
Vascular  System." 

A.  C.  Christie. 

Roentgen  Interpretation;  A  Manual  for 
Students  and  Practitioners.  By  George 
W.  Holmes,  M.D.,  and  Howard  E.  Rug- 
gles,  M.  D.  Second  Edition.  Pages  228. 
Illustrations  184.  Price  $3.25.  Lea  &  Fe- 
biger,  Philadelphia  and  New  York,  1921. 

This  book  has  been  entirely  rewritten  and 
much  has  been  added  to  the  text.  Illustra- 
tions have  also  been  added.  The  quality  of 
the  paper  used  in  the  present  edition  is  much 
bettef  than  in  the  first,  and  this  greatly  en- 
hances the  illustrations.  The  table  indicating 
the  appearance  of  centers  of  ossification  is 
of  extreme  interest.  The  chapter  dealing 
with  heart  examinations  describes  the  meth- 
od in  use  at  the  Massachusetts  General  Hos- 
pital for  the  past  five  years  and  should  be 
in  everyone's  possession.  The  illustrations 
are  good. 
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Withers,  Sanford.  Carcinoma  of  the  Eyelids 
Treated  with  Radium.  (Am.  J.  Opth,  Janu- 
ary, 1 92 1.) 

Eight  cases  are  reported  as  representative 
of  over  one  hundred  similar  cases.  In  most  of 
the  cases,  from  25  to  50  mg.  of  radium  were 
used,  filtered  by  the  glass  capsule  wall  and 
0.2  to  0.3  mm.  of  silver  and  0.5  to  i.o  mm.  of 
gum  rubber.  The  surrounding  tissues  were 
protected  by  lead.  In  those  cases  where  it  was 
imperative  to  protect  the  globe  and  the  ocular 
conjunctiva.  Dr.  Withers  used  oval  lead 
screens,  molded  to  fit  the  globe.  These  were 
dipped  in  melted  paraffin,  and  were  introduced 
after  the  instillation  of  a  few  drops  of  liquid 
vaseline.  The  total  dosage  varied  from  500  to 
900  mg.  hours ;  the  dosage  per  square  centi- 
meter of  tumor  surface  ranged  between  60  and 
500  mg.  hours.  Pathologically  these  growths 
of  the  lids  are  made  up  of  basal  cells,  with 
little  stroma,  and  are  relatively  benign.  In  the 
presence  of  scar  tissue,  which  breaks  down 
easily  under  radiation,  the  results  are  less 
favorable.  The  author  calls  attention  to  the 
fact  that  cataracts  disappear  under  radium, 
and  that  cautery  doses  of  radium  remove 
pterygia.  The  sclera  is  very  resistant,  even  to 
cautery  doses  of  radium,  and  the  conjunctiva 
reacts  more  quickly  and  is  more  rapid  in  its 
repair  than  the  epithelium  of  the  eyelids.  In 
general  radium  is  the  method  of  choice  in  the 
treatment  of  carcinoma  about  the  eyelids. 

Lowell  S.  Goin 

Quick,  Douglass.  Clinical  Results  of  Treat- 
ment of  Nerve  Tissue  Tumors  by  Radium. 
(Proc.  N.  Y.  Neurol.  Soc;  J.  New.  Ment. 
Dis.,  February,  192 1.) 

The  general  opinion  is  that  pressure  symp- 
toms due  to  pituitary  tumors  may  be  relieved 
by  the  use  of  radiation.  Three  cases  are  re- 
ported, of  which  one  died  and  two  were  im- 
proved. Neurosarcoma  is  a  discouraging  con- 
dition. A  given  area  may  be  destroyed  but  re- 
currence may  take  place  elsewhere  along  the 
course  of  the  nerves — not  necessarily  by  con- 
tinuity. Surgery  and  radium  should  be  judic- 
iously combined ;  operation  should  not  be  re- 
sorted to  unless  radium  can  be  buried  in  the 


tumor  if  it  is  found  possible.  Two  cases,  one 
of  a  cerebral  neoplasm  successfully  treated 
with  radium,  and  one  of  an  anaplastic  glioma 
with  improvement  are  reported. 

L.  S.  G. 


HouDMONT,  H.  AND  Dautrebande,  L.  The 
Radioscopic  Examination  of  the  Heart. 
(Arch  nied.  beiges,  December,  1920.) 

The  image  obtained  by  simple  radiography 
is  deformed  by  distance,  by  the  angle  of  entry 
of  the  central  ray,  and  by  the  pulsations  of  the 
heart.  It  is  useless  except  for  verification  of 
position,  pericardial  lesions,  or  in  examina- 
tion for  aneurysm. 

Teleradiography  gives  a  fairly  exact  image 
but  is  rather  difficult,  requiring  powerful  in- 
stallations. Stereoscopic  plates  of  the  heart 
have  no  value.  Orthodiagraphy  is  the  method 
of  choice.  Two  methods  are  described.  Exami- 
nation is  carried  out  with  the  patient  in  var- 
ious positions  in  relation  to  the  screen.  Each 
part  of  the  heart  corresponds  to  a  position  in 
which  it  may  be  studied  with  the  greatest 
facility.  Examination  in  the  oblique  position 
affords  a  means  of  study  of  parts  of  the  heart 
inaccessible  to  ordinary  clinical  methods. 

In  functional  disorders  of  the  heart,  empha- 
sis is  laid  on  the  necessity  of  excluding  such 
conditions  as  pleural  adhesions,  encysted  pleu- 
isy  or  large  colonic  or  gastric  gas  accumula- 
tions. A  number  of  charts  for  comparative 
measurement  are  included.  The  area  of  each 
ventricle  may  be  calculated  by  the  reconstruc- 
tion of  the  interventricular  and  the  auriculo- 
ventricular  septa.  Emphasis  is  placed  on  the 
importance  of  the  angle  of  disappearance  of 
the  apex  behind  the  vertebral  column,  and  the 
left  ventricle  is  thus  measured.  The  normal 
angle  of  disappearance  is  30  degrees.  A  resume 
of  the  findings  in  the  various  organic  heart 
lesions  follows.  The  authors  conclude: 

( 1 )  X-Ray  examination  of  the  heart  must 
become  a  more  regular  part  of  the  study  of  the 
heart. 

(2)  Radiographs  are  practically  useless; 
orthodiagraphic  calculation  offers  the  only 
information  of  any  value. 

L.  S.  G. 
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Eden,  T.  Watts,  and  Provis,  F.  Lionel. 
A  Record  of  Seventy-six  Cases  of  Uterine 
Fibroids  and  Chronic  Metritis  Treated  by 
the  X-Rays.  {Lancet,  Feb.  12,  1921.) 

The  cases  presented  include  46  cases  of 
uterine  fibroids  and  30  cases  of  chronic  me- 
tritis. About  10  per  cent  of  the  cases  were 
less  than  forty  years  of  age.  The  cases  were 
selected  on  the  basis  of  age,  size  of  the  tumor, 
character  of  the  hemorrhages,  degree  of 
anemia,  and  the  presence  of  complications. 

They  have  rarely (8  cases)  treated  patients 
less  than  38  years  old,  wishing  to  conserve  the 
ovarian  secretion  in  patients  who  were 
younger.  Tumors  which  exceeded  the  level  of 
the  umbilicus  in  height  were  rejected.  In  cases 
of  irregular  and  interval  bleeding  the  uterus 
should  be  first  explored  to  exclude  malignancy. 
Patients  profoundly  ex-sanguine  were  advised 
to  submit  to  hysterectomy,  as  the  first  and 
second  treatments  may  be  followed  by  in- 
creased bleeding.  Inflammatory  disease,  ma- 
lignancy, and  a  degenerative  tendency  in  the 
tumor  were  considered  contra-indications  for 
treatment.  The  cases  for  chronic  metritis  were 
so  labelled  for  convenience,  if  no  marked  en- 
largement or  irregularity  in  outline  of  the 
uterus  could  be  detected. 

The  authors  used  from  20  to  30  ma.  minutes 
with  a  water-cooled  tube  backing  up  8  or  o 
inches,  and  with  filtration  of  3  mm.  of  alumi- 
num, and  a  loofah  sponge  enclosed  in  a  cham- 
ois leather  bag  with  four  layers  of  satrap 
paper.  Six  or  eight  areas  on  the  anterior  ab- 
dominal wall  and  four  on  the  posterior  wall 
are  irradiated.  This  dose  is  not  repeated  until 
three  weeks  have  elapsed.  The  most  advan- 
tageous time  for  treatment  is  shortly  after  a 
menstrual  period.  Nervous  symptoms  atten- 
dant upon  the  artificial  menopause  thus  pro- 
duced seemed  to  be  less  severe  than  in  the 
normal  menopause. 

The  authors  conclude: 

( 1 )  X-Ray  treatment  is  the  method  of  choice 
for  uncomplicated  cases  of  severe  hemorrhage 
due  to  metritis,  or  other  conditions  in  which 
neoplasm  is  not  present,  and  in — 

(2)  Fibroids  not  exceeding  in  size  the  level 
of  the  umbilicus,  if  the  patient  is  over  38  years 
old,  if  the  hemorrhage  is  the  regular  monthly 
type  and  if  there  are  no  contra-indications. 

(3)  All  cases  should  be  submitted  to  a  care- 


ful   gynecological    examination    before    .ar-ray 
treatment  is  administered. 

(4)  The  risk  of  failure  with  x-vay  treat- 
ment is  negligible  with  properly  selected  cases. 

L.  S.  G. 

EwiNG,  James.  The  Structure  of  Nerve  Tis- 
sue Tumors  with  Reference  to  Radium 
Therapy.  {Proc.  N.  Y.  Neurol.  Soc;  J. 
Nerv.  &  Ment.  Dis.,  February,  192 1.) 

The  structural  characters  which  determine 
susceptibility  to  radiation  are  a  cellular  char- 
acter, an  undifferentiated  form  of  the  cells, 
rapid  growth  with  an  abundance  of  mitoses, 
vascularity  (especially  when  due  to  abundance 
of  delicate  capillaries),  and  the  absence  of 
much  inter-cellular  substance.  Neurofibroma 
might  be  affected  by  radium,  especially  if  the 
radium  is  applied  directly  to  the  tumor.  True 
angio-endotheliomata  occur  in  the  rare  diffuse 
sarcoma  of  the  spinal  meninges,  and  should 
be  susceptible  to  radium.  Angiosarcoma  should 
be  markedly  influenced  by  radium,  since  its 
nutrition  is  unstable,  but  whether  slow  and 
safe  regression  can  be  accomplished,  especially 
with  bulky  tumors,  is  doubtful.  Glioma  pre- 
sents most  of  structural  features  that  favor 
radio-susceptibility.  Primary  carcinoma  of  the 
brain  has  a  structure  indicating  a  high  de- 
gree of  susceptibility  to  radium.  Hypophyseal 
struma  with  acromegaly  has  been  definitely  in- 
fluenced by  jr-rays  directed  through  the  tem- 
poral regions. 

L.  S.  G. 

Frank,  Louis.  Carcinoma  in  the  Cervical 
Stump  after  Supravaginal  Hysterectomy ; 
and  the  Radium  Treatment  of  Carcinoma  of 
the  Cervix.  (Am.  /.  Sure;.,  Vol.  xxxiv, 
No.  6.) 

The  coincidental  development  of  cervical 
and  corporeal  carcinoma  is  unusual.  The  prob- 
lem of  etiologic  relationship  between  car- 
cinoma and  fibromyomata  remains  unsolved, 
but  it  is  interesting  to  note  that  uterine  car- 
cinoma occurs  in  women  who  have  fibro- 
myomata five  times  as  frequently  as  in  those 
who  have  no  such  condition.  The  development 
of  carcinoma  in  the  cervical  stump  after 
supravaginal  hysterectomy  is  rare,  less  than 
eighty    cases    having    been    recorded    in    the 
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world's  literature.  Radical  surgery  has  pro- 
duced few  cures  after  the  pelvic  viscera  have 
become  involved  in  a  carcinomatous  process. 
According  to  Janeway,  an  elaborate  search  of 
the  United  States  discovered  only  6i  women 
operated  on  between  191 1  and  1916  who  had 
been  cured  of  cervical  carcinoma.  The  writer 
cites  38  cases  (three  of  which  are  reported  in 
detail)  of  carcinoma  of  the  cervix  treated 
with  radium.  The  three  detailed  cases  received 
doses  of  1200,  2400  and  3600  mg.  hours  re- 
spectively. The  dosage  at  each  application  was 
in  one  case  600  mg.  hours  and  I2(X»  in  ea;h  of 
the  two  others.  Of  the  thirty-eight  cases 
treated,  18  are  well  (some  of  them  for  two 
years),  4  show  no  local  evidence  of  disease 
but  are  not  well,  11  have  died,  and  6  cannot 
be  traced. 

L.  S.  G. 

Stevenson,  Walter  C.  The  Effects  of  Ra- 
dium Treatment  on  War  Injuries  in  the 
Neighborhood  of  Nerves.  {Brit.  Med.  J., 
June  26,  1920.) 

The  writer  reports  twelve  cases  of  old  nerve 
injuries  markedly  improved  by  radium  treat- 
ment. He  concludes  that  while  radium  cannot 
benefit  gross  nerve  lesions,  it  does  improve  the 
nutrition  in  the  area  supplied  by  injured 
nerves,  and  it  appears  to  aid  and  hasten  the 
return  of  function  in  a  limb  after  milder  de- 
grees of  nerve  trauma. 

L.  S.  G. 

Ulrici,  H.  So-called  Hilus  Tuberculosis. 
(Beitr.  z.  Klin.  d.  Tuberk.  October  23  1920, 
xlvi,  1.) 

In  pulmonary  tuberculosis  in  the  adult,  the 
localization  of  the  disease  in  the  bronchial 
glands  which  is  invariably  present  has  almost 
always  regressed  to  such  a  degree  as  to  be 
seldom  demonstrable  either  by  clinical,  phys- 
ical-diagnostic or  radiologic  resources.  As  a 
rule  only  foci  of  lime  are  recognizable  as  such 
in  the  plate.  In  children  conditions  are  quite 
otherwise.  Here  the  bronchial  glands  are  of 
great  significance  in  the  genesis  of  pulmonary 
tuberculosis.  In  adults  there  is  practically  no 
pulmonary  tuberculosis  which  has  originated 
in  the  hilus.  The  shadow  pattern  in  the  plate 
which  has  given  rise  to  the  contrary  impres- 


sion is  due  to  a  confluence  cirrhosis  of  the 
hilus  area,  or  to  a  caseous  pneumonia  which 
begins  centrally — for  this  latter  condition  in- 
deed the  shadow  is  pathognomonic.  In  the 
adult,  pulmonary  tuberculosis  begins  almost  in- 
variably in  the  apex  or  sub-apex,  not  only  in 
the  side  of  the  hilus  originally,  but  in  the  op- 
posite side  as  well.  The  broadening  of  the  iso- 
lated hilus  shadow  and  the  reinforced  outlines 
of  the  lung  have  nothing  to  do  with  pulmonary 
tuberculosis  proper. 

Ledoux  and  Caillods.  Sacralization  of  the 
Fifth  Lumbar  Vertebra.  (Presse  med.,  Par., 
Feb.  13,  1921,  xxix,  13.) 

In  the  space  of  a  few  months  the  authors 
have  recognized  by  radiography  no  less  than  7 
cases  in  which  the  last  lumbar  vertebra  was 
incorporated  with  the  sacrum.  Nove-Josserand, 
the  well  known  orthopedist,  had  called  atten- 
tion to  this  condition  as  a  cause  of  various 
painful  manifestations  in  the  lower  extrem- 
ities. He  however  regards  it  as  very  rare  while 
the  authors  think  it  may  be  fairly  common, 
judging  from  their  own  experience.  The  char- 
acteristic  jr-ray    find    is    a   considerable    and 
symmetrical    enlargement    of    the    transverse 
process    of    the    fifth    lumbar   vertebra.    The 
shadow  of  this  process  suggests  the  tail  of  a 
fish,  while  when  both  are  considered  the  resem- 
blance to  a  butterfly's  wings  is  mentioned.  The 
enlarged  process  is  in  contact  for  a  consider- 
able extent  with  the  ilium  and  upper  border  of 
the  wing  of  the  sacrum.  Compared  with  the 
radiograms  of   Nove-Josserand  the  condition 
seen   by   the   authors    seems   more    advanced. 
Since  the  last  lumbar  vertebra  is  consolidated 
with  the  sacrum  the  enlarged  and  bifid  trans- 
verse process  suggests  an  accessory  wing  of 
the  sacrum  superposed  on  the  normal  wing. 
Embryology  teaches  us  that  the  latter  is  really 
the    transverse    process    of    the    first    sacral 
vertebra.  As  a  result  of  the  malformation  the 
normal    lumbo-ilio-sacral    interspace    through 
which  passes  the  fifth  lumbar  nerve  is  not  only 
much  reduced  in  size  but  becomes  a  sort  of 
sacral  foramen.  While  the  symptoms  do  not 
usually    appear    in    childhood,    one    of    the 
author's  patients  was  but  five  years  old.  The 
period  at  which  the  ossification  of  the  lumbar 
vertebra  to  the  sacrum  occurs  has  not  been  de- 
termined. The  original  ossification  of  the  spine 
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should  be  complete  by  the  ninth  year,  while 
the  so-called  secondary  ossification  extends 
from  the  ages  of  fifteen  or  sixteen  to  those  of 
twenty-two  to  twent}--five.  This  phenomenon 
has  been  associated  with  a  disturbance  of 
secondary  ossification,  but  the  case  of  the 
child  of  five  appears  to  invalidate  this  view. 

Lehmann,  J.  C.  Carcinoma  Dosage,  with 
Especial  Consideration  of  Carcinoma  of  the 
Breast.  (Zentralblatt  fur  Chirurgie.  Leipzig. 
Vol.  xlvii.  No.  13,  p.  290,  March  27,  1920.) 

The  author  points  out  that  to-day  practically 
every  surgeon  gives  patients  with  carcinoma  of 
the  breast  prophylactic  raying  following  an 
operation.  He  has  followed  this  method  for 
the  last  seven  years  and  freedom  from  recur- 
rences for  a  period  of  three  years  has  in- 
creased. In  cachetic  patients  carcinomas  are  in 
no  way  sensitive  to  roentgen  rays  while  in 
senile  persons  carcinomas  are  frequently  of 
slow  growth  and  easier  to  check  with  roentgen 
rays. 

In  chancroid  of  the  lip  considerably  more 
than  100  per  cent  of  the  erythema  dose  is  re- 
quired ;  radium  will  be  usually  more  efficacious 
than  roentgen  rays. 


While  some  progress  has  been  made  in  the 
use  of  the  roentgen  rays  as  applied  to  car- 
cinoma of  the  breast,  the  author  warns  against 
being  over-jubilant  lest  the  method  be  brought 
into  discredit. 


Roberts,  J.  E.  H.  Oxygen  Inflation  of  the 
Peritoneal  Cavit\-  for  Radiographic  Pur- 
poses. {Brit.  M.  J.,  p.  742,  Nov.  13,  1920.) 

The  method  of  distending  the  peritoneal  cav- 
ity by  oxygen  gas,  which  was  introduced  by 
Weber  in  German)',  followed  by  Rautenberg 
and  Goetze  in  Germany,  Stewart  and  Stein  in 
America,  and  Alesandrini  in  Italy  has  proved 
to  be  of  great  value  in  exact  clinical  diagnosis. 
By  allowing  the  separation  of  the  liver  and 
spleen  from  the  diaphragm,  it  has  enabled  the 
outlines  of  these  organs  to  be  seen  for  the  first 
time.  By  compressing  and  displacing  the  empty 
intestines  it  enables  the  other  solid  viscera  and 
abdominal  tumors  to  be  examined. 

The  objections  to  the  method  are  largely 
theoretical  and  no  ill  consequences  have  oc- 
curred in  the  fifty  cases  the  author  has  inflated, 
nor  in  any  of  the  many  cases  of  which  pub- 
lished records  exist. 
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Ty  EDUCTION  in  bone  density  occurs 
•*-^  either  from  a  retardation  of  bone  de- 
position in  the  presence  of  normal  bone  alj- 
sorption,  or  from  excessive  bone  absorption. 
Retarded  deposition  occurs  in  disorders  of 
calcium  metabolism,  such  as  rickets  and 
osteomalacia.  Calcium  absorption  goes  on  at 
the  normal  rate,  and  new  connective  tissue 
framework  or  osteoid  tissue  continues  to 
f(_)rm  but  fails  to  ossify.  This  is  one  of  the 
factors  that  result  in  gradual  reduction  of 
the  calcium  content  and  replacement  by 
fibrous  tissue.  Reduction  in  density  from  ex- 
cessive bone  absorption  occurs  almost  entire- 
ly as  a  result  of  regional  or  local  disturbances 
produced  by  disease,  injury  or  loss  of  func- 
tion. This  discussion  will  be  limited  to  reduc- 
tion in  density  produced  by  bone  absorption. 
Lime  salts  may  be  removed  from  the  bone 
by  two  processes:  first,  solution  by  the  serum, 
leaving  the  connective  tissue  framework  be- 
hind, and,  second,  cellular  activity,  where  the 
Ijone  is  directly  attacked  by  fixed  tissue  cells, 
removing  both  lime  salts  and  stroma.  Solu- 
tion of  lime  .salts  bv  the  serum,  leaving  be- 
hind the  connective  tissue  framework,  is 
said  to  occur  in  rickets  and  osteomalacia. 
\*on  Recklinghausen  described  the  process  as 
halisteresis,  and  claimed  that  by  means  of 
-pecial  stains  and  gas  injections  of  the  fresh 


bone  he  could  demonstrate  empty  spaces 
from  which  the  lime  salts  had  been  absorbed. 
Recent  histologic  studies,  especially  by  Ax- 
hausen,  cast  much  doubt  upon  the  occurrence 
of  such  a  process,  and  show  that  bone  ab- 
sorption is  produced  almost  entirely  by  the 
direct  action  of  fixed  cells  known  as  osteo- 
clasts. The  osteoclast  may  be  an  abnormal 
cell,  as  in  tumors  or  inflammations,  or  it  may 
arise  from  alteration  in  function  of  the 
cells  in  the  vicinit}'.  Cells  mav  be  converted 
into  osteoclasts  without  change  in  form,  or 
they  may  be  transformed  into  giant  cells. 
In  many  processes  the  greater  amount  of 
bone  is  absorbed  by  cells  without  any  altera- 
tion in  their  morphology.  The  nature  of  the 
reaction  by  which  the  cell  produces  absorp- 
tion of  the  lime  salts  is  imperfectly  under- 
stood, but  it  is  probably  by  the  creation  of 
an  acid  medium  in  direct  contact  with  the 
bone,  which  results  in  its  solution.  The  field 
of  absorptive  activity  is  confined  to  a  com- 
paratively narrow  space  about  the  cell. 

There  is  no  specific  osteocla.st,  and  a 
variety  of  cells  may  possess  this  absorptive 
power  in  common.  Most  bone  absorption  is 
produced  by  fibroblasts  and  endothelial  cells 
whose  functions  have  been  altered,  or  by 
giant-celled  osteoclasts,  to  which  they  give 
rise.  Tumor  cells  and  inflammatorv  cells  of 


"Read   at   the   Twenty-first   Annual    Meeting   of   The   American    Roentgen    Ray  Society,  Minneapolis,  Minn.,  Sept.  14-17,  1920. 

355 


;56 


Studies  in  Reduction  of  Bone  Density 


various  types  may  possess  the  power  of  bone 
absorption.  Different  histologic  pictures 
arise  in  the  process  of  absorption,  in  which 
the  osteoclasts  attack  the  surfaces  of  the 
bone  absorbed,  eating  various-sized  and 
shaped  pockets  in  it.  Smooth  absorption  is 
another  form  in  which  lime  salts  disappear 
from  cellular  activitv  along"  the  walls  of  the 


condition  of  lamellar  splitting  off  and  frag- 
mentation produced  by  tumor  cells  which 
invade  the  interlamellar  spaces. 

Reduction  in  density  may  be  local,  regional 
or  general,  according  to  the  cause.  In  most 
local  processes  there  is  both  local  and  region- 
al reduction  in  density,  and  if  general  symp- 
toms are  marked  and  extend  over  a  long  per- 


FiG.  I.  Staphylococcus  lioiic  aliscess  of  external  supra- 
condylar region  of  humerus,  a — Area  of  bone  de- 
struction  without   scfiucstrum    formation. 

haversian  canals  without  extensive  pocket 
formation.  Volkmann's  canalization  is  the 
process  in  which  marked  dilatation  of  the 
transverse  or  communicating  canals  is  pro- 
duced by  greater  absorption  in  their  vicinity 
than  occurs  along  the  haversian  system. 
Ernst  and  von  Muralt  have  described  the 


Fig.  2.  Acute  osteomyelitis  of  tilua  of  eleven  days' 
duration.  Small,  irregularly  distributed  areas  of  re- 
duced density  in  end  of  shaft,  being  the  earliest 
.r-ray  findings  in  osteomyelitis.  Subsequent  changes 
showed  in  entire  length  of  shaft. 


iod  of  time  with  confinement  to  bed,  there 
may  be  general  reduction  in  density.  The 
fields  for  discussion  here  have  been  chosen 
more  or  less  at  random,  without  any  attempt 
to  cover  the  entire  subject.  The  object  is  not 
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so  much  to  show  roentgenologic  features  of 
reduced  density  as  the  histologic  processes 
by  which  the  bone  is  destroyed. 

In  bone  infections  there  are  four  processes 


Fig.  3.  Bone  destruction  in  osteomyelitis  of  two 
weeks'  standing,  produced  by  fresh  granulations 
before  the  appearance  of  giant-celled  osteoclasts. 
a — Dead  bone. 

by  which  reduction  in  density  may  be  pro- 
duced: first,  there  is  destruction  of  dead  bone 
at  the  seat  of  greatest  inflammatory  activity; 
second,  there  is  local  destruction  of  living 
bone,  or  caries ;  third,  there  is  rarefying  os- 
teitis in  the  neighboring  living  bone  for  var- 
iable distances  about  the  area  of  complete 
bone  destruction ;  and,  fourth,  there  is  re- 
gional atrophy  of  disuse.  The  amount  of 
each  of  these  forms  varies  considerably  with 
the  nature  and  severity  of  the  inflammatory 
process,  and  is  of  considerable  importance  in 
the  differential  diagnosis  of  inflammatory 
bone  changes.  There  are  no  specific  destruc- 
tive changes  for  the  individual  inflammatory 
processes,  any  more  than  there  are  specific 
productive  changes.  The  description  which 
follows  is  of  the  usual  reduction  in  density 
which  occurs  in  the  various  inflammatory 
processes  to  be  enumerated. 

Osteomyelitis. — Necrotic  bone  results  from 
the  effect  of  the  toxins  in  the  most  severely 
inflamed  region.  The  unossified  elements  of 
the  dead  bone  are  rapidly  killed  by  toxins  and 


removed  by  the  action  of  the  serum  and  leu- 
cocytes, but  the  calcareous  deposits  are  little 
affected  during  the  height  of  the  inflamma- 
tion,  because  practically  they  are  only  re- 
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Fig.  4.  Lacunar  absorption  of  sequestrum  of  two 
months'  standing  by  giant  cells  and  maturing  fibro- 
blasts. Note  the  lacunae  along  the  entire  line  be- 
tween dead  bone  and  granulations. 
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Fig.  5.  Rarefying  osteitis  aI)Out  periphery  of  osteo- 
myelitis of  fibula  of  ten  weeks'  standing.  Shows 
absorption  by  maturer  type  of  inflammator\^  tissue, 
a— Living  bone. 

moved  as  a  reparative  process  by  the  absorp- 
tive action  of  the  granulations,  and  some 
time  is  required  for  the  development  of 
reparative   changes   and   the   absorption   of 
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sufficient  bone  to  produce  evidences  of  re- 
duction in  density.  From  six  to  fifteen  days 
elapse,  depending  upon  the  size  of  the  bone 
and  the  location  of  the  infection,  before 
signs  of  reduction  in  density  can  be  shown 
by  the  .I'-rav.  If  the  osteomyelitis  is  a  diffuse 
process,  the  reduced  density  shows  first  in 
small  scattered  areas  of  the  metaphysis,  and 
CA^idence  of  involvement  of  thicker  portions 
of  cortex  appears  later. 

Absorption  of  living  bone  in  considerable 
quantity  occurs  about  the  margin  of  dead 
bone,  helping  in  the  sequestration  of  the  dead 
bone  and  leading  to  cavity  formation.  This 
process  is  known  as  caries.  Early  in  osteomy- 
elitis the  absorption  of  both  living  and  dead 
bone  is  produced  by  active  granulation  tissue. 
After  the  acute  inflammatory  stage  has  sub- 
sided, the  granulations  become  somewhat 
more  mature  and  large  numbers  of  giant 
cells  appear,  interspersed  among  the  fibro- 
blasts. Lacunar  absorption  is  the  process  by 
which  the  lime  salts  are  removed  in  both 
stages.  Figure  i  shows  an  abscess  cavity  in 
localized  osteomyelitis,  produced  by  the  rap- 
id destruction  of  spongy  bone,  and  Figure  2 
small  scattered  areas  of  destruction  in  the 
metaphysis,  showing  early  in  diffuse  osteo- 
myelitis. Figure  3  shows  the  type  of  granu- 
lation tissue  in  the  early  stage,  producing  the 
absorption  of  both  the  dead  and  living  bone 
in  the  formation  of  such  areas.  Figure  4 
shows  the  maturer  type  of  granulations  and 
giant  cells  producing  absorption  of  the  dead 
bone  some  time  after  the  acute  inflammatory 
stage  has  subsided.  The  rate  of  destruction 
of  dead  bone  by  granulations  depends  to  a 
considerable  extent  upon  its  relation  to  liv- 
ing bone.  The  surfaces  of  dead  bone  that  are 
adjacent  to  living  bone,  as  dead  cortex  is  to 
involucrum,  become  extensively  eroded  from 
the  action  of  granulations  that  are  main- 
tained in  contact  with  them  by  the  living 
bone.  But  surfaces  remote  from  living  bone 
frequently  show  little  evidence  of  destruc- 
tion, because  of  the  absence  of  a  bony  back- 
ground for  the  granulations.  Large  surfaces 
of  dead  cortex,  uncovered  by  involucrum, 
mav  remain  uneroded  for  months  and  the 


bone  preserve  its  original  density.  Erosion 
of  dead  bone  reduces  its  density,  but  the  re- 
duction is  uneven  because  of  the  fact  that 
destruction  is  of  a  worm-eaten  type,  as  con- 
trasted with  the  even  reduction  in  density 
of  atrophied  living  bone. 

Rarefying  osteitis  arises  from  extension 
of  the  inflammation  for  a  variable  distance 
into  the  surrounding  living  bone.  It  results 
in  the  absorption  of  numerous,  irregularly 
distributed,  small  areas  of  cortex  or  spon- 
giosa,  which  shows  in  roentgenograms  in 
from  two  to  six  weeks  as  corresponding 
areas  of  reduced  density.  Absorption  in  this 
process  is  produced  early  by  the  action  of 
fresh  granulation  tissue,  and  at  a  later  stage 
by  mature  connective  tissue  and  giant  cells. 
Extensive  rarefying  osteitis  is  seen  in  Fig- 
ure 6.  Figure  5  shows  histologically  rarefy- 
ing osteitis  in  osteomyelitis  of  the  fibula  of 
ten  weeks'  standing.  Rarefying  osteitis  is 
often  entirely  absent,  especially  in  localized 
bone  infections. 

Regional  Atrophy. — Atrophy  of  the  living 
bone  of  the  involved  region  results  from  dis- 
use, and  its  severity  depends  upon  the  degree 
and  duration  of  the  disability.  It  may  also  be 
caused  partly  by  the  alteration  in  circulation 
and  by  the  toxicity  of  the  part.  The  first 
.r-ray  evidences  of  it  are  seen  in  the  spongy 
bone  in  from  two  to  four  weeks.  It  is  fre- 
quently spotted  in  this  location,  especially 
when  the  process  has  become  advanced.  It 
appears  later  in  the  cortex,  and  is  somewhat 
more  marked  in  the  endosteal  than  in  the 
periosteal  region.  Because  of  the  greater  ab- 
sorption of  cortex  from  within  outward 
there  may  be  considerable  increase  in  diam- 
eter of  the  medullary  canal.  Absorption  oc- 
curs along  the  course  of  the  haversian  can- 
als, and  when  marked  may  give  rise  to  lon- 
gitudinal streaking  in  the  roentgenograms. 
Figure  7  shows  reduced  density  and  longi- 
tudinal streaking  of  cortex  in  a  specimen  of 
marked  eccentric  atrophy  of  the  femur.  Bone- 
absorption  in  regional  atrophy  is  produced 
largely  by  the  action  of  simple  fibroblasts 
arranged  along  the  surfaces  of  the  lamellae. 
The  surfaces  mav  remain  smooth,  and  there 
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is  absence  of  giant  cells  and  lacunae  in  large 
numbers  as  contrasted  with  the  destruction 
in  the  areas  of  inflammation  where  lacunae 
form.  Figure  8  is  of  a  cross  section  of  an 
ulna  showing  marked  eccentric  atrophy  and 
dilated  haversian  canals,  the  result  of  disuse, 
seven  months  after  excision  of  a  more  dis- 


FiG.  6.  Osteomyelitis  of  tiliia,  fifty-four  days'  dura- 
tion, with  (a)  rarefying  osteitis,  (b)  sequestrum 
formation  and  beginning  regional  atrophy  in  the 
non-osteomyelitic  portions. 

tally  located  segment  of  the  bone  for  sar- 
coma. Figure  9  shows  the  histologic  appear- 
ance of  a  markedly  atrophied  cortex  in  the 
vicinity  of  an  infected  compound  fracture 
of  nine  months'  duration.  It  shows  smooth 
absorption  by  fibroblastic  osteoclasts  along 
the  surfaces  of  the  lamellae.  In  general,  the 


presence  of  large  numbers  of  lacunae  is  more 
indicative  of  inflammatory  action  than  of 
simple  atrophy  of  disuse. 

Tuberculosis. — Tuberculosis  usually  pro- 
duces localized  osteitis,  diffuse  tuberculous 
osteomyelitis  of  the  shaft  being  a  compara- 
tively rare  occurrence.  The  metaphyseal  re- 


FiG.  7.  Reduced  densit}-  and  longitudinal  streaking  in 
marked  eccentric  atrophy  of  disuse  of  femur. 

gion  of  the  end  of  the  bone  is  more  fre- 
quently involved  primarily,  especially  dtiring 
the  first  decade.  After  the  tenth  year  primary 
foci  in  the  epiphyses  are  seen  with  increasing 
frequency.  The  lesion  in  either  case  causes 
death  of  bone  in  a  circumscribed  area, 
which  because  of  the  vascular  arrangement 
is  frequently  cone  shaped  and  in  other  cases 
roughly  spherical. 
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The  bone  is  frequently  destroyed  as  rap- 
idly as  it  dies,  so  that  no  sequestra  are  left 
in  the  field,  and  only  cavity  formation  is 
seen  in  the  .t'-ray    (Fig.    lo).   In  other  in- 


^^/ 


Fig.  S.  Cross-section  of  ulna  showing  eccentric  at- 
rophy and  dilated  haversian  canals,  the  result  of 
disuse. 

stances  where  rapid  death  occurs,  a  line  of 
demarcation  forms  and  a  sequestrum  is  left 
(Fig.  ii).  In  this  case  reduced  density  is 
seen,  indicative  of  the  presence  of  a  cavity 
which  contains  a  sequestrum  casting  a 
shadow  of  the  density  of  the  bone  at  the  time 
of  its  death. 

Caries  of  the  adjacent  living  bone  may 
lead  to  gradual  enlargement  of  the  cavity  af- 
ter the  early  and  more  acute  stage  is  passed. 
Lacunar  absorption  of  the  living  and  dead 
bone  in  the  tuberculous  focus  is  produced  by 
the  action  of  the  granulations  and  giant- 
celled  osteoclasts.  Epithelioid  and  Langhans' 
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Fig.  9.  Marked  dilatation  of  haversian  canals  of  cor- 
tex of  humerus  from  smooth  absorption  in  re- 
gional atrophy  and  dilated  haversian  canals,  the  re- 
sult of  disuse  in  osteomvelitis. 


Fig.  id.  Tuberculous  caries  of  upper  metaphysis  of 
humerus,  producing  large  area  of  reduced  density 
without  sequestrum  formation.  Xote  laminated  peri- 
osteal new  bone  laterally. 

giant  cells  are  not  seen  to  produce  bone  ab- 
sorption, although  they  may  be  present  in  the 
immediately  surrounding  tissue    (Fig.    13). 
Rarefying  osteitis  from  irregular  spread 


Studies  in  Reduction  of  Bone  Density 


361 


of  the  tuberculous  infection  into  the  sur- 
rounding living  bone  is  not  seen,  except  in 
the  rare  cases  of  diffuse  tuberculous  osteo- 


mally  casts  in  the  .r-ray.  Ordinarily  the  over- 
lying articular  cartilage  is  soon  destroyed  by 
the  action  of  the  granulations,  so  that  not 


Fig.  II.  Cone-shaped  tuberculous  focus  of  metaphy- 
sis  in  lower  portion  of  neck  of  femur.  Its  periphery 
shows  reduced  density  from  caries,  while  the 
center  shows  normal  density  due  to  presence  of 
(a)   sequestrum. 

myelitis,  in  which  event  density  is  irregu- 
larly reduced,  as  in  similar  cases  of  pvogenic 
osteomyelitis. 

Regional  atrophy  occurs  in  tuberculosis, 
as  in  pyogenic  infections  of  the  bones,  and 
produces  the  same  histologic  picture  and  type 
of  reduced  densit}-  as  shown  by  the  .r-ray. 
It  is  frequently  extreme,  because  of  the  pro- 
tracted and  painful  nature  of  the  disease. 

In  tuberculous  arthritis,  either  primarily 
synovial  or  secondary  to  rupture  of  an  osse- 
ous focus,  a  variety  of  changes  mav  occur  in 
the  articular  surfaces  of  the  bones.  Ingrowth 
of  tuberculous  granulation  tissue  beneath  the 
articular  cartilage,  from  about  its  margins, 
is  a  common  occurrence,  leading  to  destruc- 
tion of  the  articular  cortex  of  bone  and  to 
disappearance  of  the  sharp  line  which  it  nor- 


FiG.  12.  Articular  surfaces  of  (i)  femur  and  (2) 
tibia  from  resected  tuberculous  knee  of  one  year's 
duration,  a — Undermined  cartilage  displaced,  b — 
undermined  cartilage  in  position,  c — islands  of  at^ 
tached  cartilage. 


Fig.  13.  Tuberculous  granulations  showing  a — de- 
struction of  articular  cartilage  from  the  joint  side 
and  b — destruction  of  bone  with  undermining  of 
cartilage;  at  c — bone  and  cartilage  are  unaffected. 
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only  the  articular  margin  of  the  bone  is  re- 
moved, but  the  cartilage  space  of  the  joint  is 
markedly  narrowed  or  obliterated.  However, 
a  considerable  amount  of  the  undermined 
articular  cartilage  may  remain  for  some  time 
after  destruction  of  its  underlying  bony  at- 
tachment, as  is  frequently  seen  at  operation 
and    is    shown    grossly    in    Figure    12    and 


course  of  the  tuberculous  arthritis,  before  re- 
gional atrophy  has  developed,  the  sequestra 
consist  of  unatrophied  bone  and  subsequent- 
ly cast  a  heavier  shadow  in  the  .r-ray  than 
the  surrounding  living  bone  which  atrophies 
(Fig.  14).  If  the  bony  invasion  occurs  late 
and  after  the  regional  atrophy  has  devel- 
oped, the  shadows  cast  by  the  sequestra  are 


Fig.  14.  Tuberculosis  of  knee  of  two  years'  duration  with  invasion  of  condyles  and  internal  tuber- 
osity and  (a)  sequestrum  formation.  Sequestra  have  sharp  articular  surfaces  and  are  denser 
than   surrounding  living  bone  which  subsequently  atrophied. 


microscopically  in  Figure  13 


In  such  cases 
the  cartilage  space  may  be  largely  preserved 
in  the  roentgenogram,  even  though  the  sharp 
line  cast  by  the  articular  cortex  is  frag- 
mented or  destroyed. 

In  other  cases  the  tuberculous  process  in- 
vades and  produces  necrosis  in  certain  areas 
of  the  ends  of  the  bones,  frequently  to  the 
depth  of  one  or  two  centimeters.  The  dead 
bone  subsequently  either  breaks  down  or 
becomes  separated  as  secjuestra.  If  the  bony 
invasion   occurs   primarily   or   early   in   the 


of  the  same  density  as  that  of  the  surround- 
ing living  bone. 

Syphilis. — Boiie  syphilis  produces  gum- 
matoits  caries  in  irregularly  distributed  and 
various-sized  areas  (Fig.  15).  This  may 
shade  off  into  rarefying  osteitis  of  the  sur- 
rounding bone.  A  single  area  of  reduced 
density  of  long  duration  speaks  against  syph- 
ilis, as  the  process  usually  extends,  leading  to 
multiple  areas  of  bone  destruction.  Secjuestra 
of  appreciable  size  are  rarely  seen  in  syphilis 
of  the  long  bones,  but  are  sometimes  found 
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in  extensive  involvement  of  the  skull.  Re-  They  are  frequently  interspersed  with  shad- 

gional  atrophy  of  the  living  bone  is  usually  ows  from  new  bone  formation.  Hypertrophic 

slight  or  absent  in  syphilis,  because  function  sclerosing    syphilis    with    great    increase    in 

is  less  interfered  with  than  in  osteomyelitis  density  usually  shows  small,  irregular  areas 


Fig.  15.  Acquired  syphilis  of  humerus  of  twenty 
months'  duration.  Numerous  irregularly  distril)- 
uted,  various-sized  areas  of  reduced  density  and 
surrounding  areas  of  increased  density. 


Fig.   16.   Syphilitic  caries  of  skull,  showing  hone  de- 
struction   and   gummatous    tissue. 

or  tuberculosis.  Hence  reduction  in  density  in 
bone  syphilis  takes  the  form  of  localized,  ir- 
regularly distributed,  large  and  small  areas. 


Fig.  17.  Metastatic  osteoclastic  carcinoma  from  breast, 
almost  completely  destroying  radius. 

of  reduced  density,  which  are  of  great  help 
in  the  .r-ray  recognition  of  the  nature  of  the 
disease. 

Histologically  bone  destruction  with 
marked  lacunar  formation  is  produced  by 
gummatous  tissue.  Fibroblasts  and  giant- 
celled  osteoclasts  produce  the  destruction,  but 
epithelioid  and  syphilitic  giant  cells  may  be 
seen  in  close  proximity  to  bone  that  is  being 
eroded  (Fig.  16). 

Bone  Tumors. — Reduction  of  density  in 
bone  tumors  results  almost  entirely  from 
breaking  down   of   living  bone  by   cellular 
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activity.  However,  aseptic  dead  bone  may 
occasionally  be  seen  where  portions  of  cortex 
are  cut  off  and  completely  surrounded  by 
tumor  which  undergoes  necrosis.  Regional 
atrophy  may  also  arise  from  disuse,  where 


Fig.  i8.  Carcinoma  metastasis  of  femur  from  hreast, 
with  absorption  produced  by  non-tumorous  giant 
cells,  a — Carcinoma  islands,  b — Row  of  osteoclasts. 

the  tumor  produces  pain  and  much  loss  of 
function.  Bone  destruction  reducing  density 
is  accompanied  by  extremely  variable 
amounts  of  new  bone  formation,  and  the  ex- 
tent and  distribution  of  the  two  must  be 
taken  into  consideration  in  the  recognition  of 
the  nature  of  the  lesion. 

Carcinoma. — In  metastatic  carcinoma  of 
the  bones,  the  relative  amounts  of  bone  de- 
struction and  new  bone  formation  l^ear  some 
relation  to  the  seat  of  the  primary  tumor 
and  its  degree  of  malignancy  and  rate  of 
growth.  Thus  metastatic  carcinoma  of  the 
breast  tends  to  produce  bone  destruction  with 
little  associated  new  bone  formation,  while 
carcinoma  of  the  prostate  produces  little 
bone  destruction  and  much  new  bone  forma- 
tion. However,  slowly  growing  scirrhous 
cancer  of  the  breast  may  produce  marked 
ossification,  and  medullary  carcinoma  of  the 
prostate  occasionally  produces  marked  ab- 
sorption of  bone  with  little  associated  ossi- 
fication. Reduction  in  density  arises  from 
absorption  of  tumor  which  lodges  and  de- 


velops in  the  interior  of  the  bone,  whether 
shaft  or  cancellous  portion  is  involved.  Su- 
perficially situated  metastases  producing  des- 
truction from  without  inward  are  extremely 
rare.  Very  marked  absorption  affecting  the 
entire  length  of  a  bone  occasionally  occurs 
without  appreciable  extension  of  the  tumor 
beyond  the  normal  limits  of  the  bone.  Figure 
1 7,  an  extreme  example,  is  of  a  metastasis  in 
carcinoma  of  the  breast,  in  which  the  radius 
was  almost  entirely  destroyed  without  appre- 
ciable tumor  formation  in  the  forearm.  His- 
tologically the  absorption  is  produced  largely 
by  the  action  of  fibroblasts  and  giant  cells, 
which  form  a  narrow  zone  between  the 
growing  carcinoma  and  the  bone  that  is  being 
eroded.  Figure  i8  shows  this  process  in  os- 
teoclastic metastasis  of  the  femur,  second- 
ary to  carcinoma  of  the  breast.  Carcinoma 
cells  may  also  act  as  osteoclasts,  coming  in 
direct  contact  with  the  bone  and  leading  to 
its  absorption.  However,  their  role  is  a  minor 
one  in  the  process  of  bone  destruction.  Fig- 
ure 19  shows  tumor  osteoclasts  in  the  same 
case  as   Figure   18.   But  even  in  this  field 


Fig.  19.  Same  case  as  Figure  18,  showing  bone  ab- 
sorption by  carcinoma  cells,  a — Carcinoma  osteo- 
clasts. 

many  of  the  osteoclasts  are  mesoblastic  cells. 
After  the  lime  salts  have  been  removed,  the 
decalcified  stroma  and  bone  cells  may  not  be 
immediately  destroyed,  and  sometimes  may 
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be  seen  as  a  narrow  layer  separating  The  appearance  of  trabeculation  and  pocket- 
tumor  from  bone.  Arey  claims  that  bone  cells  ing  may  be  produced  by  new  bone  formation, 
thus  liberated  may  be  converted  into  osteo-     The  area  of  destruction  in  sarcoma,  begin- 


FiG.  20.  Primary  peripheral  sarcoma  of  tibia,  producing  irregular,  shallow,  concave  destruction  of 
cortex  of  tibia  and,  by  secondary  involvement,  of  fibula. 


clasts  and  in  turn  take  part  in  the  process 
of  bone  absorption. 

Sarcoma. — Reduction  in  density  in  sar- 
coma usually  occurs  en  masse,  and  while  the 
outline  of  the  area  of  destruction  may  be  ir- 
regular, extensive  pocket  formation  and  ad- 
jacent islands  of  destruction  are  uncommon. 


ning  about  the  periphery  of  the  bone,  is  usu- 
ally in  the  shape  of  a  shallow  depression 
along  the  surface  of  the  shaft  (Fig.  20).  If 
the  involved  cortex  is  thinner  at  one  end  than 
at  the  other,  the  depth  of  the  destruction  may 
be  greater  at  the  end  where  the  cortex  is 
thinner,   because   of  the   greater  ease   with 
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which  extension  occurs  into  the  deeper  por- 
tion after  the  thin  cortex  has  been  eroded. 
Central  sarcoma  of  the  mahgnant  type  erodes 
the  bone  from  the  endosteal  side,  and  usually 
more  extensively  in  a  particular  segment  of 
the  cortex  where  it  breaks  through  and  forms 


Fig.  21.  Sarcoma  eroding  cortex  of  fibula  by  direct 
action  of  tumor  cells,  a- — Tumor  osteoclasts,  b — 
Osteoporosis  preceding  tumor  and  produced  b\- 
non-tumor  cells. 

an  external  tumor.  Sometimes  diffuse  inva- 
sion occurs,  followed  by  the  appearance  of  a 
superficial  tumor  without  extensive  destruc- 
tion of  cortex.  Erosion  of  cortex  from  the 
endosteal  side  may  occur  in  primary  periph- 
eral sarcoma  after  the  tumor  has  broken 
through  one  side  and  invaded  the  medullary 
canal,  so  that  cortex  opposite  the  point  of 
onset  may  eventually  be  destroyed.  The  bone 
destruction  in  sarcoma  is  due  largely  to  the 
osteoclastic  action  of  tumor  cells,  as  con- 
trasted with  carcinoma,  where  connective  tis- 
sue cells  produce  most  of  the  breaking  down. 
Figure  21  shows  bone  absorption  in  round 
and  spindle-celled  peripheral  sarcoma  of  the 
fibula,  in  which  the  osteoclasts  are  mainlv  tu- 
mor cells,  and  Figure  22  shows  similar  tumor 
cell  absorption  in  a  sarcoma  of  the  humerus. 
Microscopic  examination  of  bone  about  the 
limits  of  a  spreading  sarcoma  sometimes 
shows  marked  osteoporosis,  which  is  pro- 
duced by  non-tumorous  fibroblasts  and  giant- 
celled  osteoclasts,  as  at  b  in  Figure  21.  In 


some  cases  this  may  be  very  marked  and  ex- 
tend to  a  distance  of  one  or  two  centimeters 
away  from  the  tumor,  as  in  Figure  23,  which 
is  of  the  cortex  located  about  one  centimeter 
beyond  the  limits  of  the  tumor  shown  in  Fig- 
ure 22.  In  round  and  spindle-celled  sarcomas 
giant  cells  are  frequent  along  the  zone  of  ab- 
sorption, and  it  is  difficult  to  state  whether  or 
not  they  are  neoplastic  in  origin. 

New  bone  formation  in  the  ossifying  types 
of  sarcoma  may  be  sufficiently  extensive  to 
offset  the  reduction  in  density  resulting  from 
bone  destruction,  but  its  distribution  and 
arrangement  are  usually  such  that  the  shad- 
ows cast  are  of  diagnostic  significance. 

Central  yiant-ccUcd  tuuiors  affecting  the 
ends  of  the  long  bones  form  a  special  group, 
and  it  is  still  a  cfuestion  if  they  should  be 
classified  with  sarcomas.  They  reduce  bone 
density  by  eccentric  growth  and  are  entirely 
devoid  of  any  tendency  to  undergo  ossifica- 
tion. Erosion  of  the  cancellous  bone,  and  then 
of  cortex,  proceeds  and  may  eventually  lead 
to  complete  destruction  of  the  surrounding 
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Fig.   22.   Tumor-celled   osteoclasts   destroying  cortex 
in  sarcoma  of  humerus. 

old  bone.  As  this  occurs,  globular  enlarge- 
ment of  the  affected  region  is  usually  ob- 
served. In  some  instances  the  cortex  is 
destroyed  without  associated  periosteal  new 
bone  formation,  and  pathological  fracture 
may  result.  In  other  cases,  periosteal  new 
bone   formation  occurs  synchronously  with 
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eccentric  erosion  by  the  tumor,  so  that  a  cor- 
tex of  bone  is  maintained  during  the  process 
of  enlargement.  Portions  of  the  original  cor- 
tex are  rarely  preserved  in  the  expanded 
regions  after  the  tumor  has  reached  con- 
siderable size,  but  during  the  early  stages 
they  may  be  outwardly  displaced  and  form 


Fig.  23.   Marked  osteoporosis   of   portion   of   cortex, 
preceding  spread  of  tumor  in  Figure  22. 

part  of  the  shell.  Histologically  these  tumors 
consist  of  a  groundwork  of  fibroblasts  in 
various  stages  of  maturation  interspersed 
with  a  variable  number  of  giant  cells.  There 
is  considerable  variation  in  vascularitx'. 
Mitotic  figures  and  cell  division  are  prac- 
tically never  seen,  and  the  tumor  has  no  mi- 
croscopic appearances  of  malignancy.  Bone 
erosion  is  produced  largely  by  fibroblasts, 
there  being  no  increase  in  the  number  of 
giant  cells  along  the  eroded  surfaces  above 
that  contained  in  the  interior  of  the  tumor. 
The  giant  cells  present  along  the  periphery 
of  the  bone  are  of  the  type  of  osteoclasts 
seen  in  other  destructive  processes,  while  the 
giant  cells  of  the  tumor  are  frequently  much 
larger  and  their  cytoplasm  may  take  a  deeper 
acid  stain.  They  are  probably  syncytial  cells 
-derived  from  the  endothelium  of  the  blood 
vessels.  Figure  24  shows  giant-celled  tumor 
erosion  of  the  cortex  to  the  point  of  almost 
complete  destruction  without  any  new  bone 
formation  bv  the  periosteum.  Figure  25 
ishow^s  enormous  enlargement  of  the  upper 


end  of  the  humerus  with  the  formation  of  an 
incomplete  shell-like  cortex  by  the  perio- 
steum as  the  interior  destruction  occurred. 
Figure  26  shows  the  process  of  peripheral 
new  bone  formation  with  slight  destruction 
occurring  from  the  inside.  Note  the  small 
number  of  giant  cells  along  the  surface  of 
bone  about  each  tumor. 

Bone  absorption  in  benign  tumors,  as  en- 
chondromas  and  fibromas,  is  produced  by 
fibroblasts  and  occasional  giant-celled  osteo- 
clasts. The  tumor  cells  exert  no  direct  osteo- 
clastic action. 

Cysts. — In  bone  cysts  the  reduction  in 
density  is  quite  similar  to  that  in  giant-celled 
tumors,  in  that  the  process  begins  in  the  in- 
terior of  the  bone  and  produces  eccentric 
erosion,  without  subsequent  ossification  of 
the  tissue  which  caused  the  erosion.  Aside 
from  the  fact  that  the  cysts  are  more  inclined 
to  occur  in  younger  individuals  and  to  affect 
the  shaft  av.'a\-  from  its  ends,  they  also  differ 
from  o-i ant-celled  tumors  in  that  extensive 
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Fig.  24.  Central  giant-celled  tumor  erosion  of  cortex 
without  periosteal  new  bone  formation,  a — Peri- 
osteum, h — Remnant  of  eioded  cortex,  c — Tumor. 
Xote  absence  of  tumor  giant  cells  along  surface  of 
bone  destruction. 

destruction  of  cortex  and  marked  enlarge- 
ment of  the  involved  region  are  rarely  seen. 
However,  small  perforations  of  cortex  are 
not  uncommon,  and  secondary  periosteal  new 
bone  formations  may  occur.  Rarely  cortex 
may  be  rapidh-  eroded  and  periosteum  great- 
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Fig.  25.  Central  giant-celled  tumor  with  shell  formation.  No  ossification  within  the  tumor.  Tra- 

beculae  of  cortical  new  bone. 


Fig.  26.  Section  of  cortex  in  Figure  25,  showing- 
layer  of  periosteal  new  hone  with  tumor  and  de- 
struction along  its  internal  surface. 


ly  distended  with  marked  enlargement  of 
the  part.  Figure  27  shows  a  roentgenogram 
and  Figure  28  the  excised  specimen  of  a 
large  cyst  of  eight  months'  standing  in  the 
third  metacarpal  bone  of  a  twenty-year-old 
woman,  in  which  the  cortex  was  extensivel}' 
destroyed,  periosteum  greatly  distended,  and 
only  a  thin  layer  of  new  bone  formed  about 
its  limits.  The  bone  destruction  occurs  from 
within  outward  by  the  action  of  the  cells  of 
the  fleshy  lining  of  the  cyst.  Fibroblasts  and 
giant-celled  osteoclasts  produce  lacunar  ab- 
sorption along  the  surface  and  invade  and  di- 
late the  haversian  canals  for  some  distance. 
Giant-celled  activity  is  much  more  in  evi- 
dence in  the  bone  destruction  of  cysts  than 
in  that  of  giant-celled  tumors.  Figure  29 
shows  the  destruction  of  old  cortex  and 
Figure  30  the  structure  of  cyst  wall  in  its 
thinnest  portion  in  the  last  case  with  signs 
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of  absorption  from  within  outward.  This 
specimen  shows  that  breaking  through  of 
old  or  even  of  newly  formed  cortex  is  no 
criterion  for  distinction  between  giant-celled 
tumor  and  bone  cyst.  Trabeculation  occurs 
in  both  cysts  and  giant-celled  tumors,  and 


Fig.  27.  Cyst  of  third  metacarpal  bone  of  nine 
months'  duration  in  twenty-year-old  woman.  Cor- 
tex destroyed  except  at  proximal  end.  Periosteum 
distended  and  has  formed  thin  layer  of  bone  aboiit 
most  of  the  periphery  of  cyst. 

is  peripheral  in  its  location  in  both  pro- 
cesses. It  is  due  to  the  formation  of  shallow 
pockets  from  internal  erosion  and  irregu- 
larly distributed  new  bone  formation  on  the 
part  of  the  periosteum. 

Perthes'  Disease. — The  reduction  in  densi- 
ty in  Perthes'  disease  is  due  to  breaking 
down  of  the  center  of  ossification  in  the 
epiphysis  of  the  femoral  head.  This  leads  to 
secondary  flattening  of  the  head  and  to  alter- 
ations in  the  shape  of  acetabuhmi  and  neck. 
In  a  case  of  nine  months'  standing  (D.  B. 
Phemister,  "Operation  for  Epiphysitis  of  the 
Head  of  the  Femur  [Perthes'  Disease] : 
Findings  and  Result."  Archives  of  Surgery, 
March,  192 1,  Vol.  II,  p.221),  in  which  there 
were  roentgenological  evidences  of  bone  de- 


struction with  flattening  and  cavity  and  se- 
questrum formation,  operation  with  excision 
of  a  window  from  the  cartilage  of  the  head 
revealed  a  broken-down  center  filled  with 
soft  tissue,  which  was  partly  necrotic,  and 
with  various-sized  sequestra.  Microscopic  ex- 
amination of  the  contents  showed  granula- 
tion tissue  with  evidences  of  active  absorp- 
tion in  the  sequestra  and  cartilaginous  wall 


Fig.   28.    Specimen   excised   from   case  in   Figure  27. 
a — Eroded  cortex  showing  through  window. 


Fig.  29.  Section  of  cortex  in  case  in  Figure  27.  a — 
Lining  of  fibroblasts  producing  bone  absorption. 
b — Haversian  canals  dilated  by  invading  process. 
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(Fig.  31).  Bacteriologic  examination  and 
guinea-pig  inoculation  were  negative  for 
micro-organisms,  but  grossly  and  micro- 
scopically the  process  resembled  a  quiescent 
focus  of  localized  pyogenic  infection  of  the 
bone.  It  is  possible  that  the  negative  bacterio- 
logic findings  are  to  be  accounted  for  by  the 
duration  of  the  process,  as  it  is  not  uncom- 


FiG.  30.  Section  of  cyst  wall  in  its  thinnest  portion. 
a — Fibrous  layer  of  periosteum,  h — Camhium  layer. 
c — Thin  layer  of  new  lione.  d — Cyst  lining-.  Kote 
perforation  of  1  ony  hncr  at  c.  and  extension  of 
destructive  cyst  lining  to  fi'  rous  layer  of  peri- 
osteum. 


Fig.   31.   Section   through  cartilaginous  wall   and  in- 
-     flammatory   lining   to   cavity   in   epiphysis   of   head 
of  femur  in  Perthes'  disease,  a — Necrotic  contents. 
b — Sequestrum,    c — Layer   of   granulations,    d — Fi- 
brous layer,  e — Wall  of  cartilage. 


mon  to  obtain  negative  cultures  in  cases  of 
localized  osteomyelitis  of  several  months' 
standing. 

Congenital  J'enoiis  Aneurysm. — Figure  32 
shows  the  roentgenologic  appearance  of 
the  enlarged  right  upper  extremity  of  an 
eighteen-year-old  boy,  produced  by  congen- 


FiG.  32.  Congenital  venous  aneurysm  of  the  upper 
extremity  with  marked  osteoporosis  of  radius  and 
ulna  and  circular  shadows  cast  by  phleboliths. 

ital  venous  aneurysm.  The  circular  shadows, 
many  of  which  are  laminated,  are  produced 
by  phleboliths  that  formed  in  the  thrombi  of 
the  dilated  vein.  The  humerus  is  little 
changed  but  the  radius  and  ulna,  in  the  re- 
gion of  which  the  varicosities  are  most 
marked,  show  extensive  osteoporosis  with 
longitudinal  streaking  and  slight  reduction  in 
diameter.  The  cause  of  the  osteoporosis  is 
problematic.  It  is  not  due  to  disuse,  as  the 
function  of  the  arm  was  not  greatly  im- 
paired, and  the  humerus,  which  should  be 
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affected  if  this  were  the  case,  is  practically 
free.  It  may  be  due  to  the  venous  congestion 
and  consequent  acidosis  from  an  increase  of 
the  CO2  content  of  the  blood.  This  would 
augment  the  solubility  of  the  lime  salts  and 
favor  absorption.  Similar  osteoporosis  has 
been  observed  in  cases  of  enlargement  of  an 
extremity  from  congenital  elephantiasis. 

DISCUSSION 

Answer  to  Dr.  W.  C.  Hill.  Gonorrheal  in- 
fection of  a  joint  produces  rapid  disappear- 
ance of  the  lime  salts  because  of  the  marked 
loss  of  function  resulting  from  the  severe 
symptoms.  The  hyperemia  and  toxemia  pro- 
duced by  the  infection  may  possibly  still  fur- 
ther alter  bone  metabolism  in  such  cases  and 
exaggerate  absorption  of  lime  salts. 

Answer  to  Dr.  Geo.  E.  Pfahler.  I  believe 
Perthes'  disease  is  an  infectious  process  from 
the  histologic  examination  of  the  excised  tis- 
sue. The  fact  that  cultures  were  negative  does 
not  exclude  infection,  because  the  process  was 
of  nine  months'  standing  and  it  is  not  uncom- 
mon to  obtain  negative  cultures  of  material 
removed  from  localized  osteomyelitis  several 
months  after  the  onset. 

Answer  to  Dr.  H.  K.  Pancoast.  In  bone 
cyst  the  destruction  o,ccurs  from  within  out- 
ward, and  expansion  of  the  bone  is  slight.  It 
results  from  concomitant  new  bone  formation 
on  the  part  of  the  periosteum.  The  metacarpal 
cyst  which  I  showed  was  an  exception  to  this 
rule,  in  that  considerable  cortex  was  broken 
down  and  the  cyst  extended  to  the  periosteum, 
partly  dissecting  the  latter  from  the  remaining 
bone  and  creating  a  large  tumor.  Pressure  at- 
rophy of  bone  in  aneurysm  is  somewhat  similar 
to  that  which  occurs  in  tumors.  Wherever  bone 
is  pressed  upon,  metaplasia  of  its  connective 
tissue  covering  occurs,  and  osteoclasts  are 
formed  which  lead  to  bone  absorption  in  pro- 
portion to  the  amount  of  pressure. 

Atrophy  of  bone  following  fracture  is  the 
result  of  disuse  produced  by  the  fracture,  the 
immobilization  for  treatment,  the  muscle  at- 
rophy, joint  stiffness,  etc.  Infection  of  the 
fracture  increases  the  degree  and  duration  of 
loss  of  function  and  consequently  the  amount 
of  atrophy. 

Answer  to  Dr.   Percy  Brown.   I  consider 


the    atrophy   in    rheumatoid   arthritis    due    to 
disuse. 

Answer  to  Dr.  W.  R.  Stewart.  Roentgen 
signs  are  absent  early  in  acute  osteomyelitis, 
because  bone  destruction,  being  due  to  the  ac- 
tion of  infected  tissue  cells,  does  not  occur  to 
any  appreciable  extent  until  the  acute  destruc- 
tive changes  in  the  unossified  tissue  begin  to 
subside  and  reparative  changes  set  in.  This 
requires  from  one  to  two  weeks'  time.  It  is 
difficult  to  state  in  a  few  words  how  to  recog- 
nize the  extent  of  dead  bone  in  chronic  osteo- 
myelitis, and  sometimes  it  cannot  be  done.^ 
The  greater  density  of  dead  bone,  its  irregu- 
lar, sharp  contour  and  the  presence  of  a  line 
of  demarcation  between  the  dead  and  living 
bone  are  the  points  of  greatest  assistance,  but 
numerous  factors,  such  as  overlapping  shad- 
ows of  new  and  old  bone  and  inflammatory 
changes  in  old  or  new  bone,  may  lead  to  errors 
of  diagnosis.  It  has  been  my  experience  that 
tumors  that  break  through  the  cortex  and  lead 
to  ossification  extending  into  soft  parts  are 
malignant.  However,  benign  processes,  such  as 
bone  cyst,  may  completely  erode  the  cortex 
and  bulge  beneath  the  periosteum  without  the 
occurrence  of  new  bone  formation  about  their 
periphery.  In  both  of  the  cysts  shown,  old 
cortex  had  been  completely  eroded,  in  one 
very  extensively,  and  in  the  other  in  two  small 
places.  I  have  never  seen  increase  in  the  size 
and  length  of  an  extremity  due  to  an  angioma 
in  the  soft  parts. 

Answer  to  Dr.  A.  H.  Pirie.  A  very  small 
localized  infection  of  bone,  may  in  some  in- 
stances leave  an  area  of  increased  density,  but 
this  is  not  the  case  if  an  appreciable  amount  of 
bone  destruction  occurs. 

Answer  to  Dr.  L.  R.  Sante.  Tuberculous 
osteomyelitis  may  aft'ect  the  shaft  of  the  bone, 
producing  diffuse  changes  in  the  extremity 
difficult  to  differentiate  from  pyogenic  osteo- 
myelitis and  syphilis  by  means  of  the  .r-ray. 

Answer  to  Dr.  B.  C.  Darling.  I  do  not  be- 
lieve there  is  any  distinction  between  osteo- 
myelitis hemorrhagica  of  Barrie  and  central 
giant-celled  tumors.  There  was  no  history  of 
infection  in  the  teeth  or  tonsils  in  this  case  of 
Perthes'  disease. 

^See  "The  Recognition  of  Dead  Bone  Based  on 
Pathological  and  X-Ray  Studies,"  D.  B.  Phemister, 
Ann.  Surg.,  October,   1920,  Ixxii,  467. 


THE  MAKING  AND  FILING  OF  RECORDS  IN  THE  SECTION 
ON  ROENTGENOLOGY  IN  THE  MAYO  CLINIC 


By  R.  D.  carman,  M.D. 
Section  on  Roentgenology,  Mayo  Clinic 

ROCHESTER,     MINNESOTA 


IV/T  ANY  inquiries  from  visitors  to  the 
-^  -*-  Section  on  Roentgenology  of  the  CHnic 
and  letters  requesting  information  concern- 
ing the  method  of  keeping  records  in  this  de- 
partment, led  us  to  the  conclusion  that  a  de- 
scription of  the  records  might  be  of  interest 
to  a  large  number  of  the  medical  profession, 
more  especially  to  those  limiting  their  prac- 
tice to  roentgenology. 

This  method  was  evolved  about  eight  years 
ago  with  the  idea  of  covering  every  event- 
uality in  order  not  only  to  learn  the  varia- 
tions within  normal  limits  but  to  learn  the 
roentgen  signs,  both  positive  and  negative. 
These  records,  accurately  kept,  together  with 
a  simple  physiologic  technique  and  abundant 
material  controlled  by  operative  and  patho- 
logic findings,  added  materially  to  our  know- 
ledge of  both  direct  and  indirect  signs  and 
have  enabled  us  to  bring  our  percentage  of 
correct  diagnoses  to  a  very  high  degree  of 
accuracy.  Methods  such  as  these  have  done 
much  to  place  roentgenology  at  the  head  of 
the  list  of  all  methods  of  gastro-intestinal 
diagnosis.  This  is  particularly  true  of  the 
early  lesions  where  the  clinical  data  are 
usually  indefinite.  Too  much  stress  connot  be 
placed  on  the  fact  that  the  knowledge  gained 
from  studies  of  variations  from  the  normal 
have  been  just  as  much  a  factor  in  this  result 
as  has  been  the  study  of  the  abnormal. 

It  has  long  been  my  conviction  that  prog- 
ress in  roentgen  diagnosis  lies  along  three 
very  definite  lines:  ample  material,  full  re- 
cording of  all  interpretations  of  this  mater- 
ial, and  careful  comparison  of  those  inter- 
pretations with  surgical  and  pathologic  find- 
ings. For  many  years  in  the  Mayo  clinic  a 
complete  record  of  the  observations  made 
on  every  patient  sent  for  a  gastro-intestinal 
study  have  been  kept,  irrespective  of  whether 


the  findings  were  negative  or  positive.  It  is 
generally  acknowledged  that  the  fundamen- 
tal requisite  for  a  successful  roentgenologist 
is  a  comprehensive  knowledge  of  the  normal. 
Our  experience  with  these  records  has 
brought  home  the  truth  of  this  assertion. 
Equally  important  has  been  the  inspection  of 
the  gross  pathology  presented  at  operation. 
The  specimens  have  been  followed  to  the  lab- 
oratory and  studied ;  comparisons  have  been 
made  of  the  lesion  as  it  appeared  with  the 
findings  in  the  roentgenogram.  Copies  of  the 
dictated  notes  on  the  operation  have  been 
made  available  to  the  department  and  these 
have  been  copied  on  to  the  statistical  charts 
compiled  from  these  records. 

Record  sheets  similar  to  those  used  in  the 
gastro-intestinal  work  have  been  made  for 
the  chest  and  the  genito-urinary  tract. 

The  test  of  any  system  is  that  it  shall 
afford  the  maximum  of  accessibility  to  all 
information  required,  with  the  minimum  ex- 
penditure of  time  and  effort.  This  has  been 
the  aim  in  the  evolution  of  this  system.  The 
record  sheets  all  carry  out  this  idea  and  are 
similar  in  many  ways.  They  all  bear  the  reg- 
istration number,  the  name  of  the  referring 
phvsician,  the  date,  the  name,  age,  and  sex 
of  the  patient.  Next  follow  the  parts  exam- 
ined and  a  brief  statement  of  the  indication 
for  examination.  The  line  for  the  diagnosis 
is  just  above  the  printed  key,  in  which  the 
pathology  is  given  a  numerical  code  and  the 
anatomy  an  alphabetical  code  unit.  Thus, 
cancer  of  the  stomach  is  written  "5  B", 
duodenal  ulcer  "34  I".  Incidentally  the  use 
of  this  code  in  the  screen  room  makes  it 
possible  to  discuss  the  screen  findings  with- 
out imparting  any  information  to  the  patient. 
Sizes  and  degrees  of  density  or  involvement 
are  expressed  by  numerals  from  o  to  4,  4 
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representing  the  maximum.  Code  units  of 
numerals  or  letters  are  used  throughout  the 
sheets  and  all  units  concerned  in  the  study 
of  a  given  case  are  underlined.  The  statistical 
charts  are  ruled  and  numbered  to  agree  with 
the  record  sheets  and  in  transferring  the  in- 
formation to  these  charts  the  code  units  only 
are  used  (Fig.  i ).  The  surgical  findings  in  all 
cases  in  which  operation  is  performed  are 
copied  on  to  the  statistical  charts.  Records 
such  as  these  always  present  the  complete 
data  on  a  given  case  in  the  same  sequence 
and  when  transferred  to  the  statistical  charts 
they  make  a  compact  summary  of  roentgen 
signs  in  both  the  normal  and  the  abnormal. 
Every  patient  admitted  to  the  Clinic  is  given 
a  registration  card  bearing  a  serial  number 
(Fig.  2),  the  name  and  home  address  of  the 
patient,  the  name  of  the  chief  of  the  section 
to  which  the  patient  is  referred,  the  name  of 
the  examining  physician,  and  the  date  of 
admission.  This  registration  number  is  used 
on  all  the  records  of  the  patient  throughout 
the  Clinic,  so  that  in  time  the  record  of  an 
individual  patient  becomes  complete  in  the 
general  file  of  the  Clinic  and  is  there  avail- 
able for  study  and  comparisons  of  the  find- 
ings. Under  a  checking  system  these  records 
are  sent  to  various  sections  where  they  are 
wanted  or  may  be  assembled  in  the  filing 
room  for  any  given  study. 

All  patients  referred  to  the  section  of 
roentgenology  from  other  sections  are  given 
a  referring  card  (Fig.  3)  with  the  name, 
registration  number,  the  date,  name  of  the 
referring  physician  and  the  section  to  which 
he  is  attached,  the  parts  to  be  .I'-rayed,  and 
a  brief  note  of  the  information  sought.  The 
card  is  made  in  triplicate,  the  sheets  being 
numbered  1,2.  and  3.  Sheets  i  and  2  have 
carbon  backs  and  the  three  separate  sheets 
are  filled  out  at  one  writing.  The  cards  are 
enclosed  in  envelopes  on  which  are  printed 
and  written  all  instructions  for  anv  necessary 
preliminary  preparation  and  the  time  at 
which  the  patient  is  to  come  for  examination. 

The  desk  clerk  asks  for  the  registration 
card  and  as  a  check  writes  the  registration 
number    and    age    of    the    patient    on    the 


upper  left  hand  corner,  and  notes  whether 
the  patient  has  been  .r-rayed  in  the  section  at 
any  previous  time.  If  so,  the  former  record 
is  taken  from  the  files  for  comparison  before 
the  new  report  is  made.  If  the  patient  has 
been  .r-rayed  elsewhere  recently  an  effort  is 
made  to  determine  the  time  elapsed  and  the 
amount  of  previous  exposure  in  order  to 
avoid  any  possible  harm  from  overexposure. 

The  plate  marker  is  made  by  the  clerk 
who  uses  strips  of  2  inch  adhesive  plaster 
cut  in  2  inch  lengths  with  the  ends  turned 
over  to  a  depth  of  one-eighth  of  an  inch.  The 
date  is  put  at  the  top  of  this  oblong  strip  in 
quarter  inch  lead  numerals  and  the  registra- 
tion number  across  the  bottom  in  three- 
eighths  inch  lead  numerals. 

The  marker  is  placed  in  the  envelope  with 
the  referring  card,  all  of  which  is  sent  with 
the  patient  to  the  technician. 

The  majority  of  our  plates  are  marked  in 
the  upper  left  hand  corner,  the  full  set  re- 
quired for  an  individual  case  being  marked 
at  one  exposure  before  the  plates  are  exposed. 
They  are  protected  while  being  marked 
with  a  sheet  of  lead  soldered  to  galvanized 
iron,  bound  around  the  edges  with  adhesive 
tape  and  have  an  aperture  just  large  enough 
to  expose  the  marker  (Fig.  4).  An  oblong 
of  lead  is  attached  by  a  brass  clip  over  the 
marked  area  of  each  plate  (Fig.  5).  This  is 
done  to  protect  the  mark  during  the  ex- 
posure. Each  technician  carries  a  small  alu- 
minum plate  to  which  his  or  her  initials  and 
the  letters  R  and  L  in  half-inch  lead  letters 
are  fastened  with  adhesive.  This  is  placed  on 
the  marker  between  the  date  and  the  regis- 
tration number,  thus  marking  every  plate 
with  the  initials  of  the  maker  and  indicating 
the  right  and  left  sides  respectively.  The 
initials  of  the  operator  are  required  in  order 
to  identify  him  with  the  case  in  the  event  of 
error,  or  necessary  instruction  in  case  of  re- 
examination, or  the  need  for  special  tech- 
nique. 

When  the  technicians  have  finished  mak- 
ing the  plates  on  any  one  patient  the  refer- 
ring card  and  the  marker  are  returned  to 
the  clerk.  The  markers  are  remade  with  new 
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registration  numbers  until  their 
adhesive  quality  becomes  so  dull 
as  to  make  them  unlit  for  further 
use.  The  referring  cards  are  then 
placed  in  racks  beside  the  desk. 
Two  of  these  racks  have  two  rows 
of  thirty  pockets  each  for  cards 
for  the  chest  and  the  gastro-intes- 
tinal  canal.  A  third  rack  of  the 
same  capacity  has  one  row  for 
cards  for  bones  and  one  for  cards 
of  the  urinary  tract. 

When  the  plates  are  dry  they 
are  brought  to  the  plate  room  and 
sorted,  the  racks  are  brought  in 
from  the  desk,  and  the  plates  are 
stacked  with  the  referring  card  in 
front  of  each  set,  ready  for  in- 
terpretation. 

The  plates  are  filed  in  different 
colored  envelopes  according  to  the 
findings.  Those  with  positive  find- 
ings are  filed  in  buff  envelopes, 
some  types  with  positive  findings 
such  as  "heart  enlarged,"  "phlebo- 
liths,"  etc.,  in  blue  envelopes,  and 
the  negative  findings  in  yellow  en- 
velopes. A  rack,  mounted  on  rub- 
ber-tired wheels,  with  spaces  for 
three  sizes  of  each  color  envelope, 
is  brought  within  eas}^  reach  of 
the  one  making  the  interpreta- 
tions. The  interpretations  are  dic- 
tated and  typed,  the  plates  are 
handed  to  the  plate-room  clerks 
with  the  envelopes  in  which  they 
are  to  be  filed,  the  same  clerk  re- 
ceiving the  referring  card  from 
the  stenographer. 

The  number  three  sheet  of  the 
referring  card  is  pasted  on  the  up- 
per right-hand  corner  of  the  en- 
velope, the  number  one  sheet  is 
torn  off  and  placed  in  the  com- 
partment bearing  the  number  of 
the  desk  to  which  it  will  be  sent 
later,  and  the  number  two  sheet  is 
placed  in  a  compartment  marked 
for  the  clerk  in  charge  of  records. 

The  plates  are  filed  in  numerical 
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order,  the  positive  at  one  end  of 
the  plate-room  and  the  negative  at 
the  other.  The  14  inch  by  17  inch 
plates  are  in  one  series  of  com- 
partments and  all  other  sizes  in 
another  series.  The  envelopes  are 
placed  on  edge  with  the  labeled 
upper  right-hand  corner  in  front 
and  one  compartment  is  allowed 
for  every  one  hundred  registra- 
tion numbers  in  each  size.  This 
arrangement  enables  us  to  keep 
plates  with  positive  findings  in  the 
hie  room  for  about  six  months.  At 
the  end  of  this  period  they  are 
culled  of  all  that  suggests  no  fur- 
ther clinical  interest  and  trans- 
ferred to  permanent  files  in  an- 
other part  of  the  building.  All 
plates  in  blue  envelopes  are  dis- 
carded at  this  time.  Negative 
plates  (in  yellow  envelopes)  are 
discarded  at  the  end  of  thirty 
days. 

Plates  showing  conditions  of 
unusual  interest  or  findings  that 
give  them  a  value  for  teaching 
purposes  are  sent  for  reduction  on 
5  inch  by  7  inch  films  from  which 
lantern  slides  are  made  later. 
When  reductions  and  lantern 
slides  have  been  made  the  original 
plates  are  discarded. 

The  reductions  are  filed  in  nu- 
merical order  in  envelopes  on 
which  the  registration  number  is 
stamped  and  the  name  of  the  pa- 
tient and  clinical  or  surgical  find- 
ings are  typed. 

The  lantern  slides  are  filed  in 
envelopes  similarly  marked,  but 
instead  of  being  in  numerical  or- 
der they  are  grouped  according 
to  pathologic  interest. 

We  have  found  that  it  adds  to 
the  value  of  the  lantern-slide  file 
to  cross  index  by  carrying  cards 
of  the  same  size  as  the  envelope 
in  such  cases  as  syphilis  of  the 
stomach,  with  hour-glass  contrac- 
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tions.  In  such  cases  the  envelope  is  carried 
under  syphilis  of  the  stomach,  while  the  card 
bearing  the  same  number  and  information  is 
carried  under  hour-glass  stomach.  This  ob- 


8  inch  by  5  inch  cards,  and  the  lantern  slides 
in  drawers  for  5  inch  by  3  inch  cards.  The 
No.  I  sheet  of  the  referring  card  is  returned 
to  the  physician  when  the  interpretation  has 


315992 


Please  Keep  This  Card 

and  if  you  have  occasion  to  write,  be  sure 
to  give  this  card  number  and  doctor's 
name,  also  dat-  when  you  were  here. 

PLEASE  DO  NOT  ASK  TO  BE  FAVOR- 
ED OUT  OF  TURN. 


v;  HKY  wartiiHtnc  rtjtn 


Head  of  Section,  Doctor- 


Brown 


Examining  Physician,  Doctor.. 


Black 


Date. 

Name-.. 

Post  Office- Belle.....Y.ie.w loirft... 


— 1«A0*21 

John  Harold  Prince 


READ  iSFORMATION  ON  BACK  OF  THIS  CARD     4-406-W 

Fig.   2.   Registration  card. 


i;*o«»»-. 

ofc»«.,,.3»ai..,'. 

'  N,.    5«5?0 

X  RAY  RJ:F£RRInC  CAltO 

■i 

ito. : 

'  ShMI 
Nua._ 

X  RAY  REFERRING  CARD 

...Ch»af..B»U 

tfcu.3.*.2§?e..:;, 

12.2,20                RW„w  k,  D,.       B»oliffl»a 

j^^eaderson 

rntu 

i>.r.,w  I*-*  jrrlst   and  rlg.l»t  knoo 

ti'te  u^xnu  card's  (of  K-  V-  B.,  Cbcrt.  Boot.  SLoiaicli  and  Colon) 

Artiritis, 

<Bc  bxicf  and  confine  renuxks  u  tJlb  «pae«) 

.H»jrto.4..jli-e*rw9SlTfi..ft.rikr-i.t.M..i9Jtt. 
jointi  and  right  iaies                « 

wsJ..».t*.ih.al»fi«S»> 

i         .„ „ 

)ax»^ 

Fig.  3.  Referring  card. 


viates  the  necessity  of  any  index  for  the  re-  been  made.  The  No.  2  sheet  is  given  to  the 

dwctions  or  the  lantern  slides.  clerk  in  charge  of  records  and  department 

We  use  the  ordinary  unit-type  filing  cabi-  records  are  made  from  it.  The  negative  cases 

net,  the  reductions  in  files  with  drawers  for     are  entered  on  a  sheet  headed  " Sheet, 


Fig.  4 


..  Lead  plate  shield  with  plate  marker  in  place 


Fig.  5.   Brass  clip  to  protect  plate  marker  during 
exposure. 
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3t^(,ooo-  3ifjooo 


Case  Number  Negative  Findings 


Chi:  s"t 


SHEET,  X-RAY 


Mayo  Clinic 


V///?/  34LoUr\ 


u. 


jSjfiojisrn 


3it.(,of<f-t*r 


34ioii  S 


3i(ioLf-T<r 


SfLlolTT 


3idlZZl*T 


34iif(>Tr 


'  1811.1  34UZST^ 


34Uo'fi>r 


34LP!syi 


Misszn 


jii^li  3^iSo\t^ 


'LthiMink 


UUfLt^ 


sMfsr^ 


34L-j-j-ii^ 


>r 


^4if9iK 


34i9Uyr 


34i<fl,  oTT 


Zukoi7r^         34-illlVT 


ZlkSp'S 


i4L']SSS, 


34(>fzf'M- 


34ioofT1 


34l,noTT  3iKiVf<JX*r 


'Jnjii  34iogoT^ ' 34L19STT         i^i'tfSrr 


34LoS<tTr 34i3Z^]^ 


JifLozjl 


34boo6TT 


'lnk'-Mk 


i83vr 


54AUsn 


34&lloT*r 


3tfi2flTnj         34(,5-izVt         34(,'fz  CVT 


34iVtoyr 


34U3fS 


34ifin>r 


iJ-Jzi  34iSJ1  S 

34_iSofS, 

34^148'H 34i^3S_ 

34^lfzT1' 34(,4fSS 

3if-L49oS 


34(,-/i4  S 
34i4Zel^ *34iifo  S 


Jf^ni^ 


_J.4A?ZfT^ 
JiHizpzN 

34LfZ4rT 

3j^LLfoTr 


34iig3Tr 


3'4.Usz-n 


34U:i-pnL 
JM^:}3vr. 

34UijTr 
34jiS3TT 


34Ujsjyr     ^A'^f:^^ 


k'>/pJfA?lkS_ 


Fig.  6.  History  sheet  on  which  are  recorded  negative  findings. 


HISTORY  SHEET,  X-RAY 

MAYO  CLlKiie 


NO.  PLATES SIZE  (8,10,11,14). 


Case  No.  A. .34.7038 _     X-Ray  No. PV-""^? DateAr^l.-si 


SEX  (m.  f.)  AGE 


NAME....5..J{s..l'.iU.er ADDRESS-. -. .- 

INDICATIONS  FOR  EXAMINATION 

ADDITIONAL  RADIOGRAMS. - 

PARTS  EXAM iNED.Left.icaee  and.  tj.bia, 

DIAGNOSIS.  0_ld..fmc.t«rfi -Of.  the..p5it9.11a_rUh.f.i.na.Tmion....lafl 

Areas  of  calcification  In  soft  tissues  posteriorly,;     U. 
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SUBSEQUENT  EXAMINATIONS. 


Fig.   7.   History  sheet,  .r-ray,  for  recording  lesions  of  the  osseous  system. 

jT-ray,    Case    number,    Negative    findings"  each  thousand  registration  numbers  and  the 

(Fig.  6).  The  blank  is  filled  in  to  correspond  date,  registration  number,  and  initials  of  the 

with  the  headings  of  the  different  depart-  physician  making  the  interpretation  are  en- 

ment  record  sheets.  Separate  sheets  are  used  tered  for  each  negative  case.  All  the  sheets 

for    "Digestive    tract,"    "Chest,"    "Bone,"  for  each  5,000  registration  numbers  are  kept 

^'Urinary  tract,"  etc.  One  sheet  is  headed  for  in  slip  covers  on  which  is  stamped  the  open- 
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CHEST    SHK15T,  X-KAY 


1.  CASE  NO.  A Z  X-RAY  NO Phy Date 

3.  NAME Sex.  (m.  f.) .• Age  Size  of  Patient  1    2    3 .... 

4.  INDICATION  FOR  EXAMINATION  ADDITIONAL  RADIOGRAPHS 

5.  CONFIRMATION       Confirmed  by Contradicted  by Bacteriologic Operation P.M. 

KEY— ?Pos8ible     pProbable     dDefinite    rRight     ILeft     uUpper     mMiddle     oLower   aApex    hHilus    bBuse    fAnterior    kPosterior    Size  or  Degree  0,  1,  2,  i 

CHEST  6.    Expaniion— eEqual    nUnequal  xDiminished  .       7.     Dc 

a     n.^.u.     R  0  1  2  3     gGeneral     cLocal     umo  -        o.-.-          R 

a     Den.ltr     L0123     iCeneral     cLocal     umo  '•    "«•♦'««■•"     L 

R0  123  ,,'    c-u  -11  ••  R0123     umo 


R  0  1  2  3     gGeneral     cLocal  umo 
L  0  1  2  3     gGeneral     cLocal  umo 


PLEURA 
LUNG 


10.  Bronchu.-Demity  L  0  1  2  3  "•     ''■'>""''"<>"     L0  123     umo 

,-  f. .  ijj.rt R  1  2  3     gGeneral       (Local     umo     xSingle     yMultiple  zSize  123 

li.  <-on>oiiaanon     l  1  2  3     gGeneral       cLocal     umo     xSingle     yMultiple  zSize  1  2  3 

II  r  .i_R123     xActive     yPaasive     umo         ,.      _,      ,       R123     XSingle     yMultiple 

13.  Congc.tian    l  j  g  3     xActive     yPassive     umo         '*'     ^'=~''     L  1  2  3     xSingle     yMultiple 

IS  C.Til»     Size     ^'23     xSingle     yMultiple     umo 

13.  i.»vity     size     L  1  2  3     xSingle     yMultiple     umo 

HEART  16.»  Size— 0  1  2  3     xAuricular  enlargement     yVentrirular  enlargement 

17.  Poillion-nNormal     qTransposed     gDisplaced     rRight  12  3     ILeft  1  2  3     ellp  12  3     wDown  12  3    vVertical     xTransverse 

18.  Pericardial  Sac— sSize  0  12  3     xDensity  0  12  3        Outline- yRegular     zirregular     cCardio-hepatic  angle  0  12  3 
AORTA                    19.  Size— 0  1  2  3     gGeneral     cAscending     nArch     eDesrending     xFusiform     yPulsatile     zExpansile 

20.  Po»ilion-nNormai     gDisplaced  1  2  3     rRight     ILeft     f  Anteriorly     kPosteriorly 

21.  Retrocardiac  Space  Diminished  12  3         22.      Esophageal  Obstruction  12-'^ 

MEDIASTINUM    23.  Density  — gDegree  0  1  2  3     nSize  1  2  3     Location    u    m    o    f   k       wCircumscribed     xDiffuse     yRegular     zirregular 

DIAPHRAGM        24.  Excursion 


R      nNormal     ilncreased     yDiminished     zAbsent 
L     nNormal     ilncreased     yDiminished     zAbsent 


,,      0     i.i  R     nNorm.".!     vHigh     zLow 

Z5.     rosition      L     nNornal     yHigh    zLow 

26.     Contoar— yRegular    zirregular     wBroken 


KEY   •? Possible     pProbahIt 

LUNG 

28.  Abscess 

29.  Anthracosis 

30.  Asthma 

31.  Atele 

32.  Bronchiectasis 

33.  Bronchitis 

34.  Congestion 

35.  Consolidation 

36.  Emphysema 

37.  Fibrosis 

38.  Foreign  Body 

wBronchufl    yTrachea 
xLung        zEsophagus 

39.  Malignancy 

yPrimary 

zMetastatic 

NEGATIVE- 
DIAGNOSIS—      /T/S 


dDefinite     rUight     ILeft     uUpper     n 

40.  Syphilis 

yinfiltration 43. 

zGummata 44 

41.  Tuberculosis 45^ 

cCavity ^g^ 

jDiffuse 

vEarly 

wHealed  (Calcified)... 

Xinfiltration 47. 

yMiliary. 

zOld 

42.  Tumor  

vBenign ^"• 

wMalignant 

xCystic 

yPrimary 

zMetastatic 


iMlddIo     oLower     aApox 

PLEURA 

Fistula  (Thoracotomy) 
Fluid  in .  .  . 

Foreign  Body 

Pleuritis .. 

xinterlobular 

y  Peripheral  (thick'n'd) 
zTubercular    ... 
Tumor 

MEDIASTINUM 

Abscess 

Adenitis 

winflammatory 

xHodgkins'  Disease . . 

yMalignant 

zTubercular 


hllilua    bBasc    fAnti-nor    kl'o 

50.  Aneurysm ... 

cAscending 

eArch. 

gDescending 

ilnnominate 

j  Subclavian  . .      .    . 
qCarotul. 

51.  Aortic  Dilatation. 

xAscending 

yArch 

zDescending 

52.  Goiter,  Substernal, 

53.  Goiter,  Superficial. 

54.  Mediastinitis 

55.  Thymus 

yEnlarged 

zPeraiatent 


sienor   .Size  or  Degree  0,  1,  2,  i 

56.  Trachea. 

y  Di.^placed , 

57.  Tumor 

xBenign.  

yMalignant.      

zCystic. 

HEART 

58.  Displacement,    R  L 

69.     Enlargement 

60.     Pericardial     Adhe- 


61.  Pericardial  Fluid. 

62.  Transposed 

63.  Transverse 

64.  Vertical 


4^    aJJua^,    WXCuOjuL    fcl.r^-*^      U^    -^    ■4^'<y^'^.     f^. 

Fig.  S.   Chest  sheet,  .r-ray. 


ing  and  closing  number  of  the  series  con- 
tained. The  negative  sheets  are  filed  in  sep- 
arate drawers  in  the  department  record  file. 
The  department  records  are  made  out  on 
the  sheets  described  earlier,  four  different 
forms  being  used,  headed  respectively  "His- 


tory sheet,  .r-ray"  (Fig.  7),  "Chest  sheet, 
.t--ray"  (Fig.  8),  "Urinary  tract  sheet,  x- 
ray"  (Fig.  9)  and  "Digestive  tract  sheet, 
.r-ray"  (Fig.  10). 

In   the   gastro-intestinal    examinations    a 
"fluoroscopic    sheet,    ,r-ray"    (Fig.    11)    is 
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URINARY   TRACT  SIIKKT.   X-UAV 

MAYO   CLINIC 


I.     CASE  NO.  \3.^^^.^^.....2.  X-RAY  NO PHY...^!^0<}rc. DATE-^.-^.f.".-?/   .   NO.  PLATES..  ..SIZE  {S,  10,  11,  U). 

3.     NAME.. 7/5. P.mAi.-r^^/Tc Sex,  (m.  f.) Agc..J.^~ Address 


LAST  PREVIOUS  RAYING  OF  PATIENT 5.     ADDITIONAL  RADIOGRAPHS. 

PARTS  EXAMINED— kKidney     uUreter     bBladder     sProstate     uUrethra     aAlI 
CLINICAL  DIAGNOSIS  (or  data). 


8.     DIAGNOSIS 


?  Possible     pProbable     d  Definite 

I Anomaly 2 Cy«t 3 DUpIacement 4 Diverticulum 

5 Foreign  body 6 Hydronephrosis 7 Hydroureter 8 Indeterminat*. 

9 Normal 10 Obstruction H Pyelitis 12 Pyonephrosis .   

13 Pyoureter 14 Stone IS Tuberculosis IS Tumor iint eExt.. 

kKidney     uUreter     bBladder     sProstate     uUrethra 


EXTENT  OF  INTEREST         oOrdinary     interesting     xExtrao^inary  .  A    i       J  (~>  J^  -i// 

write  in  full  as  reported  to  clinician  ^  tf 


10.     AGREEMENT  AND  CONFIRMATION         aAgrees  with  clinical     dOisagrees     pPartially  confirmed     cConfiri 
oOpcrative  Findings     mPost  Mortem  1     Small 

PREPARATION  OF  PATIENT— gCood     fF.nir     pPoor     sSize  of  Patient  (1,  2,  3) 


ed     nContradicted  by     tTreatment  results 
1     Medium     3     Large 


RADIOGRAPHY 


RIGHT  KIDNEY 


LEFT  KIDNEY 


RIGHT  URETER 
LEFT  URETER 
BLADDER 


vLow  Lying,     degree  (I,  2,  3). 


pPelvic 

jAtheroma      pPhleboliths 


VISIBILITY  OF  OUTLINE     vVisible     ilnvisible 

SIZE     (1.2,3).- Shape.     nNormal     ilrregular 

POSITION     nNormal     dDisplaced  to  rRight     ILeft     oRotatc<l 

SHADOWS     (Suspicious)     iSingle     mMultiple 

SHADOWS     (Extrarenal)      iSingle     mMultiple     Due  to  bBowel  Contents     sSkin  Conditions 

cCalcificd  Areas  or  Glands     rCalcified  Costal  Cart     gCallstone     tFract.  Transverse  Process 
VISIBILITY  OF  OUTLINE     vVisible     ilnvisible 

SIZE     (1,2,3) Shape.     nNormal     ilrregular 

POSITION     nNormal     dDisplaced  to  rRight     ILeft     oRotated     yLow  Lying,     degree  (1,  2,  3) pl'elvic 

SHADOWS     (Suspicious)     iSingle     mMultiple 

SHADOWS     (Extrarenal)     iSingle     mMultiple  '  Due  to     bBo«ei     Contents     sSkin  Conditions     aAtherojiia     pPhleboliths 

cCalcified  Areas  or  Glands     rCalcified  Costal  Cart     gCallstone     tFract   Transverse  Process 
SHADOWS     aSuspicious     eExtraurcteral 
SHADOWS     sSuspicious     cExtraureteral 
SHADOWS     sSuspicious     eExtravescial 


P  V  KLOti  U  APIIY 


DATE. 


RIGHT  KIDNEY 


VISIBILITY  OF  OUTLINE     vVisible     ilnvisible 

SIZE     (1,2,3) Shape.     nNormal     ilrregular 

POSITION     nNormal     dDisplaced  to  rRight     ILeft     oRotated     yLow  Lying,     degree  (I,  2.  3) 

SHADOWS     (Intrarenal)     pPelvic     kCortical     iSingle     mMultiple     Size  (I.  2,  3) vVarious     Di 

yCyst     uTumor,  intrinsic     cCaseous  Areas  (Tuberculosis) 
SHADOWS     (Extrarenal)     iSingle     mMultiple     Due    to    bBowel    Contents     sSkin    Conditions     aAther 

bCalcified  Areas  or  Glands     rCalcified  Costal  Cart     gGalNone     tFractured  Transv.  Proce 

HYDRONEPHROSIS         Size  (I.  2,  3) finfectious    oObstrui'ive 

PYONEPHROSIS         Size  (1,  2,  3) tTubercular     nNon-Tubcrcular 

PYELITIS     sSlight     mMarked 

ANOMALIES     (Fused     hHorspsl.oe     sSolitary     rReduplication  pelvis 


..pPelvic 
to     sStone 


(Calcified  Areas 
pPhleboliths     eExostosis 


LEFT  KIDNEY 


33.  VISIBILITY  OF  OUTLINE     vVisible     ilnvisible 

34.  SIZE     (1,2,3). Shape.     nNormal     ilrregular 

35.  POSITION     nNormal     dDisplaced  to  rRight     ILeft     oRotated     yLow  Lying,     degree  (1,  2,  3) pPelvic 

36.  SHADOWS     (Intrarenal)     pPelvic     kCortical     iSingle     mMultiple     Size  (1.  2,  3) vVarious     Due  to     sStone     tCalcificd  Areas 

yCyst     uTumor.  intrinsic     cCaseous  Areas  (Tuberculosis) 
3T.     SHADOWS     (Extrarenal)     iSingle     mMultiple     Due    to    bBowel    Contents     sSkin    Conditions     aAtheroma     pPhleboliths     eExo-^tosis 
cCalcified  Areas  or  Glands     rCalcified  Costal  Cart     gCallstone     tFractured  Transv.  Process 

38.  HYDRONEPHROSIS     Size  (1,  2,  3) finfectious    oObstructlve 

39.  PYONEPHROSIS     Size  (1.  2,  3) tTubercular     nNon-Tubcrcular 

40.  PYELITIS     sSlight     mMarked 

41.  ANOMALIES     fFuscd     hHorseshoe     sSolitary     rReduplication  pelvis 


Fig.  g.  Urinary  tract  sheei,  .r-ray   (front). 
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RIGHT  URETER         *^-  shape     nNormal     tTortuous 

43.  POSITION     nNormal     dDisplaced  to     rRight  lUft 

44.  PATENCY     fFr«    dDilated  locally  at ^2     aThro.ig'iout     oObstructed  at Iz     by     sStone     rStricture     kKink     tTumot 

45.  SHADOWS     (Intraureteral)     sStono     itSingle  tMulti|.le     Size     ILarge     mMedium     aSmall     vVanous     oLocatiot <I^ 

Shape     rRegular     (Irregular 

46.  SHADOWS     (Extraureteral)  due  to     bBowel  Contents     sbkm  Conditions    aAthcroma     pPhlcboliths     eExostosis 

cCalcified  Areas  or  Glan.ls     rCalcified  Costal  Cart     tFract   Transv.  Proc 

(1  i  1 

47.  ANOMALIES     rReduplication     cComplcte     pPartial,     Location j  2  dDiverticulum     Location -j  2 


LEFT  URETER  «•     shape     nNormal     tTortuous 

49.  POSITION     nNormal     dDisplaced  to     rRight     ILett 

50.  PATENCY     (Free    dDilated  locally  at J2    aThroughout      oObstructed   at----||     ^y     sStone     rStricture     kKinlc     tTumo. 

(I 

51.  SHADOWS     (Intraureteral)     sStone     gSingle     tMultiple     Size     ILarge     m.Medium     aSmall     vVarious     oLocation J2 

Shape     rRegular     ilrregular 

52.  SHADOWS     (Extraureteral)  due  to     bBowel  Contents     sSkin  Conditions     aAtheroma     pPhleboliths     eExostosis 

cCalcified  Areas  or  Glands    rCalcified  Costal  Cart     tFract.  Transv.  Proc. 

53.  ANOMALIES     rReduplication     cCompIete     pPartUl.     Location -2    dDiverticulum     Location j2 


BLADDER 


PROSTATE 

URETHRA 
REMARKS- 


M.  SIZE    dDilated     cContracted 

55.  SHAPE     rRegular     ilrregular 

56.  POSITION     nNormal     dDisplaced  rRight     ILeft 

57.  SHADOWS     (Intravesical)     sStone     gSingle     tMultiple     Size     lUrge     mMedium     aSmall     (Foreign     Body     dDiverticulun 

uTumor  (intrinsic)  pPhosphatic  deposit  in  wall 

58.  sStone     iSingle     mMultiple     hHypertrophy     tTumor 

59.  sStone     fForeign  Body 


Fig.   9.   Urinary  tract   sheet,  :r-ray    (back). 


added  to  the  data  sent  in  with  the  patient 
and  in  all  re-ray  cases  the  former  records  of 
the  patient  are  also  sent  in.  The  screen  find- 
ings are  recorded  on  the  fluoroscopic  sheet, 
the  words  and  numbers  concerned  are 
underlined,  and  the  diagnostic  opinion  is  re- 
corded in  the  blank  rectangular  space.  All 
these  findings  are  compared  with  the  plate 
interpretation,  The  diagnosis  is  dictated  and 
typed  on  the  referring  card  and  the  pro- 
cedure from  this  point  is  the  same  as  here- 
tofore described. 

The  positive  records  are  all  filed  together 
in  numerical  order;  if  more  than  one  record 
exists  on  one  patient  they  are  clipped  to- 
gether. Guide  cards  divide  the  records  of 
every  five  hundred  registration  numbers. 

The  findings  are  indexed  and  cross  in- 
dexed, the  main  divisions  anatomic  and  the 
subdivisions  pathologic.  Different  colored 
guide  charts  are  used  in  the  divisions  and  the 
subdivisions,  one  color  denoting  anatomic  and 


another  pathologic  divisions  or  subdivisions. 

If  in  interpreting  plates  we  find  some  that 
promise  unusual  interest  the  registration 
number  is  noted  and  later  these  plates  are 
put  into  the  lantern  slide  compartment  for 
the  investigation  of  the  history  of  the  pa- 
tient and  the  making  of  lantern  slides  if 
they  are  deemed  sufficiently  interesting. 

Copies  of  the  dictated  notes  on  all  necrop- 
sies are  sent  to  the  section  and  the  plates  on 
all  are  brought  to  the  lantern  slide  compart- 
ment for  investigation  and  study. 

In  the  working  out  of  this  system  we  have 
had  valuable  suggestions  from  visitors  to  the 
Clinic  and  from  clinics  we  have  visited. 
The  system  has  proved  satisfactory  in  the 
Section  of  Roentgenology  of  the  Mayo 
Clinic  in  recording  the  findings  in  more  than 
57,000  examinations  made  in  1920.  The 
simplicity  of  the  system  makes  it  applicable 
to  departments  in  hospitals  or  clinics  or  even 
a  large  private  practice. 
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DlCESTrVB  TRACT  SHEET,  X-RAV. 

MAYO   CLINIC  jy^  p^ 

»•    Case  No.  A./^^.C.jl/l. Phy  ..>§'W^:4.1^,.C.??yo^«-'KU J Oate.^r/-.?^/ h-NO.  plate SIZE 8,  10.  n,  u 

2.  ^m^.0.hrl$.Mikr.$.P.X^.. S«C       M.    F.A\..Age.^^..Address ??f?-i^..^f?koi;C 

3.  PART  EXAMINED— eEsophagus        sStomach         dDuodenum         iSmall  Intestine        cColon        rRectum         gGall-bladder        hStasis        aAll 
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CONGENITAL  NONROTATION  OF  THE  STOMACH^ 

By  L.  C.  KINNEY,  M.D. 


SAX    DIEGO,    CALIFORNIA 


r^  ONGENITAL  anomalies  in  the  devel- 
^^-^  opment  or  position  of  the  stomach  are 
exceedingly  rare.  It  is  relatively  common  to 
find  anomalies  in  the  ileocecal  region,  such  as 
pericolic  membrane  or  unusual  position  and 
attachment  of  the  ileum,  cecum  or  appendix. 
All  stages  of  the  normal  embryonic  rotation 
and  descent  of  the  cecum  are  found  arrested 
and  present  in  the  adult  tract.  The  appendix 
and  cecum  may  remain  fixed  at  the  hepatic 
margin  as  a  permanent  position,  or  the  tip 
of  the  appendix  may  be  caught  in  the  liver 
margin  and  be  stretched  out  posteriorly  the 
entire  length  of  the  ascending  colon  through 
the  descent  of  the  cecum.  Failure  of  rotation 
is  frequently  seen  in  the  presence  of  an  ileum 
that  enters  the  cecum  posteriorly  or  extern- 
ally instead  of  in  its  normal  position. 

On  the  other  hand  failure  of  descent  or 
rotation  of  the  stomach  is  exceptional.  Ac- 
cording to  the  classification  of  Nau,  this 
condition  must  be  termed  an  "incomplete 
embryonic  diaphragmatic  hernia."  Paillard 
at  the  University  of  Paris,  in  1903,  reported 
only  sixteen  such  cases  in  literature  and  only 
two  on  the  right  side.  Grift'in  of  Rochester, 
in  his  exhaustive  study  of  191 2.  reported 
only  one  case  of  embryonic  hernia  of  the 
stomach  on  the  right  side.  I  have  been  unable 
to  find  another  case  in  going  over  the  litera- 
ture since  191 2. 

The  case  presented  herewith  exhibits  two 
types  of  non-rotation  and  failure  of  descent 
in  the  gastro-intestinal  tract. 

Case  4103.  Age  sixteen  months.  Ex- 
amined September  13,  1919.  This  patient 
was  brought  for  examination  suffering  from 
violent  dysphagia,  accompanied  by  parox- 
vsms  of  coughing  and  retching.  The  family 
historv  in  the  case  was  negative,  the  birth 
was  normal,  the  child  was  breast  fed.  de- 
veloped normally,  and  there  were  no  chil- 
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dren's  diseases,  no  discomfort  or  dyspnea. 
During  the  latter  part  of  the  first  summer 
there  was  some  distress  after  nursing  which 
was  shortly  relieved  by  carminatives.  This 
patient  was  weaned  one  month  prior  to  ex- 
amination. Immediately  following  the  arti- 
ficial feeding  she  began  to  develop  dysphagia 
which  shortly  amounted  to  violent  parox- 
ysms of  pain.  This  was  relieved  by  volun- 
tary emesis,  the  child  putting  her  finger 
down  her  throat  to  empty  her  stomach.  She 
had  been  able  to  retain  scarcely  any  food 
for  the  month  preceding  examination,  had 
lost  weight,  showed  evidence  of  malnutri- 
tion, suffered  from  the  constant  vomiting 
but  exhibited  no  other  symptoms.  Tempera- 
ture and  respirations  were  normal,  there  was 
no  cyanosis  or  dyspnea. 

A'-ray  examination  on  September  13,  191 9, 
disclosed  a  stomach  lying  above  the  liver  on 
the  right  side  in  its  proximal  two  thirds,  the 
distal  one  third  lying  below  the  liver  and 
these  two  portions  communicating  through 
what  would  be  the  normal  position  of  the 
esophagus  (Fig.  i).  There  is  no  filling  de- 
fect in  the  stomach,  the  outline  is  smooth 
throughout,  the  pylorus  lies  in  the  midline 
tucked  up  against  the  liver.  The  distal  one 
third  of  the  stomach  empties  in  two  hours 
(Fig.  2),  leaving  approximately  one  fourth 
of  the  meal  in  the  proximal  portion  at  this 
time.  At  six  hours  (Fig.  3)  the  stomach  is 
empty  and  the  meal  extends  throughout  the 
proximal  colon.  The  cecum  lies  in  the  middle 
of  the  hepatic  margin  and  the  ascending 
colon  follows  the  course  of  this  margin  in 
the  usual  non-rotated,  non-descending  posi- 
tion. No  other  portion  of  the  tract  is  found 
in  the  hernia. 

The  treatment  consisted  in  diminishing 
the  size  and  the  quality  of  the  formula  used, 
with  frequent  feedings  and  careful  attention 
to  the  hysterical  element  present.  The  vomit- 
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ing  disappeared  when  the  proper  formula 
was  found,  recurring  for  a  few  days  in 
October,  191 9.  Renewed  attention  to  the 
feeding  and  sedatives  was  followed  by  a 
complete  disappearance  of  the  symptoms.  At 


Fig.    2.     Case    4103.     At    two-hour  distal     one  third 
empty;   proximal   two   thirds  of  stomach   full. 

twenty-five  months  this  patient  has  the  nor- 
mal health  and  development  for  a  child  of 
her  age. 

The  findings  in  this  case  check  verv 
closely  with  the  position  of  the  stomach  in 
the  embryo  as  seen  from  its  first  appearance 
up  to  the  II  mm.  stage  (Fig.  4).  The  stom- 


ach arises  as  a  bulge  from  the  esophagus  at 
about  5  mm.  of  development  and  remains  in 
this  position,  above  the  liver,  until  after  the 
fetus  attains  11  to  15  mm.  At  this  time  the 
stomach  rotates  to  the  left  and  a  diverti- 


Fig.  3.  Case  4103.  Colon  filled  at  twelve  hours^. 

culum  appears  from  the  posterior  border  to 
form  the  cardia.  As  described  by  Jackson  in 
1909,  "In  the  II  mm.  embryo  the  cardia  lies 
opposite  the  third  or  fourth  dorsal  segment,"^ 
that  is  above  the  liver,  "while  in  the  17  mm. 
embryo  the  two  ends  of  the  stomach  have 
assumed  their  normal  position,"  that  is  below 
the  liver  (Fig.  5).  Interpreted  in  this  light 
the  stomach  in  this  case  occupies  the  position 
in  a  9  mm.  embryo  with  two  thirds  lying 
above  the  liver  and  the  cardia  having  rotated 
to  the  right  instead  of  to  the  left. 

Following  further  the  embryology  of  the 
cecum,  the  normal  position  of  the  cecum  and 
appendix  in  the  95  mm.  fetus  is  in  contact 
with  the  liver.  We  have  then,  in  this  case,  an 
arrested  development  in  both  ends  of  the 
tract,  the  failure  of  the  cSfdia  to  rotate  to 
the  left  and  descend  to  its  normal  position 
underneath  the  liver  on  the  one  hand,  and 
the  failure  of  the  cecum  to  rotate  and  de- 
scend from  the  liver  margin  to  the  right  iliac 
fossa.  This  combines  the  position  of  the 
stomach  as  found  in  the  9  mm.  embryo  and 
that  of  the  cecum  present  in  the  95  mm, 
stage. 
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Fig.  4.  9  mm.  embryo.   Stomach  above  the  Hver. 

The  usual  history  of  incomplete  embry- 
onic diphragrnatic  hernia  is  either  death 
within  the  first  few  days  or,  passing  this 
stage,  the  condition  remains  latent  and  is 
not  discovered  until  some  accident  in  adult 
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Fig.  5.  17  mm.  embryo.  Stomach  below  the  Uver. 

life.  The  discovery  in  the  present  case  was 
due  to  the  gastro-intestinal  upset  incident 
to  weaning,  and  has  apparently  no  bear- 
ing upon  the  health  or  life  expectancy  of 
this  child. 


TRANSPOSED  VISCERA* 

By  W.  O.  UPSON,  M.D. 

BATTLE    CREEK,    MICHIGAN 


T  N  view  of  the  therapeutic  and  surgical  sig- 
■*■  nificance  of  situs  inversus  it  is  surprising 
to  note  how  little  importance  is  attached  to 
this  abnormality  by  the  medical  world.  Prob- 
ably no  other  malformation  will  cause  such 
marked  deviation  from  the  expected  findings 
in  diseases  of  the  thoracic  and  abdominal 
viscera,  and  yet  the  condition  has  received 
but  slight  attention  from  great  students  and 
writers. 

In  literary  study  of  the  subject,  one  is 
astonished,  and  not  a  little  humiliated,  to 
note  how  small  a  number  of  cases  have  been 
reported  which  were  detected  by  physical 
examination.  Prior  to  1902,  by  far  the  great- 
est number  of  cases  were  discovered  on  the 
operating  table  or  at  necropsy.  Arneille^  re- 
ported the  case  of  a  man  aged  fifty  who 


had  been  examined  five  times  for  life  insur- 
ance, and  yet  the  complete  transposition  of 
his  viscera  had  not  been  detected.  Thierry^ 
reported  a  case  in  which  a  thorough  exam- 
ination led  to  a  diagnosis  of  appendicitis. 
The  regular  incision  through  McBurney's 
point  was  made,  and  the  surgeon  found  that 
he  was  dealing  with  the  descending  colon. 
The  operation  was  discontinued,  and  by  a 
subsecjuent  barium  meal  the  fact  was  re- 
vealed that  the  cecum  and  appendix  were  in 
the  left  iliac  fossa,  and  that  the  case  was  one 
of  complete  situs  inversus. 

The  postmortem  examination  has  led  to 
the  discovery  of  the  great  majority  of  cases 
of  situs  inversus.  A  somewhat  exhaustive 
study  of  the  literature  on  this  subject  shows 
that  one  of  the  earliest  authentic  cases  was 
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recorded  by  Petrus  Severinus  of  Rome  in 
the  year  1643. 

In  1865,  Gruber",  after  some  laborious 
research,  made  a  collection  of  seventy-nine 
cases  of  this  curious  anomaly,  five  or  six  of 
which  were  discovered  during  life.  Forty- 
nine  of  his  subjects  were  men,  nineteen  were 
women,  and  of  eleven  the  sex  was  not  men- 
tioned. In  seventy-one  out  of  these  seventy- 
nine  cases  both  the  heart  and  the  abdominal 
organs  were  displaced,  the  remaining  eight 
showed  displacement  of  the  abdominal  or- 
gans only. 

Kiichenmeister*,  in  1893,  increased  the 
number  of  known  cases  to  149.  In  1895, 
Price'^  had  made  further  researches,  bringing 
the  total  up  to  190,  and  this  comprised  all 
the  cases  recorded  in  medical  literature  up 
to  that  year. 

Arneille\  in  1902,  made  an  elaborate 
study,  with  the  collaboration  of  a  number 
of  internists  and  anatomists,  and  reported 
forty  additional  cases. 

The  development  of  the  .r-ray  as  a  means 
of  diagnosis  has  facilitated  the  discovery  of 
this  condition  in  the  living  subject,  and  the 
number  of  citable  cases  has  multiplied.  The 
first  case  discovered  by  the  .t'-ray  was  one  of 
dextro-cardia,  reported  by  Vehsemeyer®  in 
1897.  Since  that  time  more  than  thirty  cases 
have  been  recorded  in  which  the  .r-ray  has 
been  used  either  to  originate  or  to  confirm 
the  diagnosis. 

Kerr,  in  ten  thousand  autopsies,  covering 
a  period  of  ten  years,  found  only  two  cases 
of  this  anomaly.  Bland  Sutton  reported  the 
discovery  of  only  one  case  in  the  course  of 
three  thousand  abdominal  sections. 

Because  of  its  importance  in  the  diagnosis 
of  abdominal  diseases,  it  seems  appropriate 
to  mention  in  this  connection  the  condition  in 
which  the  colon  fails  to  rotate.  In  this  situa- 
tion the  small  intestine  occupies  the  right 
side  of  the  abdomen,  and  the  colon  is  con- 
fined almost  entirely  to  the  left  of  the  mid- 
line. The  cecum  is  found  in  the  left  iliac 
fossa.  Reid^,  in  1836,  reported  a  case  of 
colic  and  other  abdominal  pains,  terminating 
fatally,   in  which  the  cause  of   death  was 


given  as  "ileus".  There  was  no  operation. 
At  the  autopsy  the  colon  was  found  to  lie 
entirely  on  the  left  side,  with  the  cecum  in 
the  left  iliac  fossa.  The  small  intestines  were 
pushed  well  to  the  right.  The  author  does 
not  mention  the  position  of  the  other  abdom- 
inal organs.  This  is  apparently  the  first  case 
of  non-rotation  of  the  colon  to  be  reported. 
In  1916,  Dr.  J.  T.  Case^  reported  a  case  in 
which  there  were  occasional  acute  pains  in 
the  left  iliac  fossa.  After  an  j'-ray  study 
with  the  aid  of  an  opaque  enema,  the  diag- 
nosis was  made  of  left-side  appendicitis, 
with  the  colon  occupying  the  left-side  posi- 
tion. The  operation  confirmed  the  diagnosis. 

There  are  cases  of  incomplete  or  partial 
transposition  of  the  viscera,  but,  according 
to  Lochte^,  these  are  far  less  common  than 
the  condition  of  the  complete  inversion.  Up 
to  1898  he  was  able  to  collect  but  thirteen 
cases  of  this  variety.  Dextro-cardia  may  be 
found  with  the  abdominal  viscera  in  the  nor- 
mal position,  or  the  abdominal  organs  may 
be  transposed  while  the  thorax  is  perfectly 
normal. 

Osler^°  claims  that  in  cases  of  partial  in- 
version of  the  viscera,  and  especially  that  of 
the  thoracic  organs,  death  is  likely  to  occur 
in  infancy. 

In  an  attempt  to  ascertain  the  frequency 
with  which  this  condition  is  met,  I  have 
taken  the  liberty  of  corresponding  with  a 
number  of  roentgenologists  throughout 
North  America,  and  a  summary  of  their 
replies  follows: 

Dr.  Kenneth  Dunham.  Only  two  cases, 
both  of  these  complete  transpositions.  None 
within  the  last  five  years. 

Dr.  A.  W.  Crane.  Thinks  about  three 
cases  to  the  thousand  observations. 

Dr.  J.  G.  Van  Zivahnvcnhurg.  Two  cases 
of  complete  inversion,  seven  or  eight  of  in- 
complete rotation  of  the  colon,  in  approxi- 
mately six  to  eight  thousand  observations. 

Dr.  Wm.  H.  Stewart.  Three  cases  of 
complete  inversion,  two  cases  of  incomplete 
rotation  of  the  colon. 

Dr.  Russell  D.  Carman  replies  by  sending 
a  reprint  by  Dr.  Willius"  on  two  cases  of 
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complete    inversion,    and    one    of    dextro- 
cardia. 

Dr.  Lczvis  Gregory  Cole.  No  cases  (^f  situs 
inversus  observed,  four  or  five  cases  of  in- 
complete rotation  of  the  colon. 

Dr.  Alfred  L.  Gray.  One  case  of  complete 
inversion,  two  of  incomplete  rotation  of  the 
colon,  one  of  dextro-cardia,  in  which  no  ex- 
amination was  made  of  the  abdominal 
organs. 

Dr.  Arial  IV.  George.  Six  cases  of  dextro- 
cardia, in  which  no  examination  was  made 
of  abdominal  organs.  Two  cases  of  com- 
plete inversion,  three  cases  of  incomplete 
rotation  of  the  colon,  out  of  10,551  exam- 
inations. 

Dr.  Edward  S.  Blaine.  Eight  or  nine  cases, 
all  of  complete  inversion.  One  of  incom- 
pletely rotated  colon. 

Dr.  Clarence  F.  Ball.  Cites  a  remarkable 
instance  of  four  cases  of  inversus  in  one 
family,  including  the  grandmother  on  the 
father's  side.  Dr.  Ball,  in  conjunction  with 
Dr.  E.  J.  Rogers,  is  preparing  a  report  of 
the  case. 

Dr.  G.  W.  Holmes.  Reports  that  he  has 
not  kept  definite  data,  but  that  he  has  had 
five  or  six  cases.  "Most  of  these  have  been 
complete,  and  where  there  was  transposition 
of  the  heart  the  diagnosis  had  been  made 
previous  to  the  jr-ray  examination." 

Dr.  Henry  K.  Pancoast.  Reports  three 
cases,  in  which  the  heart  as  well  as  the  ab- 
dominal organs  were  transposed.  Also  three 
cases  of  incomplete  rotation  of  the  colon. 
"In  these  three  cases  condition  was  not 
known  until  after  A'-ray  examination  was 
rendered." 

Dr.  G.  E.  Pfahler.  "I  think  I  have  seen 
about  half  a  dozen  cases  of  complete  situs 
viscerum  inversus.  In  all  the  cases  which  I 
have  observed  the  inversion  was  complete." 

Dr.  L.  T.  LeWald.  "Altogether  I  have 
studied  twenty-two  cases  of  complete  situs 
inversus.  I  have  seen  one  case  in  which 
there  was  a  complete  situs  inversus  with  an 
incomplete  non-rotation  of  the  colon.  I  know 
of  one  other  case  of  autopsy  in  a  child  in 
which  there  appeared  to  be  complete  trans- 


position and  complete  non-rotation  of  the 
colon.  I  have  seen  three  cases  of  complete 
non-rotation  without  transposition." 

At  the  Battle  Creek  Sanitarium  there 
have  been  observed  six  cases  of  complete 
inversion,  two  of  dextro-cardia,  and  five  of 
incomplete  rotation  of  the  colon,  out  of 
fifteen  thousand  barium  meals. 

Various  theories  have  been  advanced  re- 
garding the  causes  of  situs  inversus,  but 
these  theories  are  of  major  importance  only 
to  the  embryologist  and  the  anatomist  and 
are  too  technical  to  be  discussed  at  length 
in  a  paper  of  this  kind.  A  cursory  review 
of  some  of  these  theories  may,  however,  be 
acceptable. 

Adami^^  believes  that  the  most  likely  ex- 
planation is  that  the  main  current  of  the 
blood  to  and  from  the  germinal  area  becomes 
diverted  at  an  early  stage  of  existence,  and 
thus  purely  mechanical  influences  cause  the 
vessels  on  one  side  of  the  organism  to  re- 
ceive more  blood  and  therefore  to  grow 
more  vigorously  than  those  of  the  otlfer  side. 
Karashima^'^  propounds  the  theory  that 
trauma  in  late  embryonic  life  might  cause 
the  malformation. 

Another  theory  is  expressed  by  the  term 
"Cryptoplasmic  Variation,"  in  which  it  is 
suggested  that  in  the  germ-cell  there  is  pre- 
dilection after  the  ultimate  form  of  the  body, 
which  may  induce  this  abnormality. 

BIBLIOGRAPHY 


1.  Arneille.  Transposition   of  the  viscera.  Am.  J. 

M.  Sc,  1902. 

2.  Thierry.  Un  cas  d'erreur  de  diagnostic  d{i  a  une 

inversion   viscerale  totale.   Bull,  et  mem.   Soc. 
de  chir.  de  Par.,  1914,  xl,  looi. 

3.  Gruber.  Arch.  f.  Anat.,  Physiol.   &   Wissensch. 

Med.,  Leipzig,  1865,  p.  570. 

4.  KiicHENMEiSTER.     Die     angeborene     vollstandige 

Verlagerung    der    Eingeweide    des    Menschen, 
Leipzig,   1893. 

5.  Pice.  Province  Med.,  Lyon,  1895. 

6.  Vehsemeyer.    Deiif.'iche    med.    Wchnschr.,    1897, 

No.  12. 

7.  Reid.  Edinh.  M.  J.,  xlvi,  1836. 

8.  Case,  J.  T.  Am.  J.  Roentgenol.,  June,  1916. 

9.  LocHTE.   Beitr.   z.   path.   Anat.   u.   z.   allg.  Path., 

Jena,  1898,  xxiv,  187. 
ID.  OSLER.  Practice  of  medicine. 


388 


Transposed  Viscera 


11.  WiLLius,  F.  A.  Congenital  dextro-cardia.  Am.  J. 

M.  Sc,  1919,  clvii,  No.  4,  485. 

12.  Adami.  Principles  of  Pathology.  Philadelphia. 

13.  Karashima,  I.  Ein  Fall  von  Situs  Inversus  Vis- 

cerum  Totalis,  Inaug.  Diss.,  MUnchen,  1912. 

DISCUSSION 

Dr.  E.  S.  Blaine.  I  have  observed  several 
cases  of  situs  inversus  but  every  one  of  these 
w^as  a  complete  reversal  of  the  position  of 
both  the  thoracic  and  abdominal  organs.  From 
my  experience  I  concluded  that  the  statement 
by  German  observers  that  this  condition  is 
always  a  complete  transposition  was  correct. 
They  report  no  authentic  instances  of  reversal 
of  thoracic  viscera  with  normal  position  of 
abdominal  organs  or  vice-versa. 

Whenever  I  find  a  reversed  heart,  I  give 
the  patient  a  few  swallows  of  opaque  material 
and  invariably  find  that  this  enters  a  right- 
sided  stomach,  and  from  this  conclude  that  all 
the  abdominal  organs  are  in  situs  inversus.  It 
is  very  interesting  to  find  that  Dr.  Upson's 
work  has  served  to  establish  that  a  partial 
reversal  of  viscera  does  occur. 

Mr.  H.  W.  Dachtler.  Were  these  hearts 
normal  clinically,  or  was  there  evidence  of 
congenital  defects? 

Dr.  L.  T.  LeWald.  As  Dr.  Upson  said,  I 
have  seen  22  cases.  In  the  male  the  right  tes- 
ticle hangs  lower  than  the  left.  One  case  was 


examined  by  the  Army  Examining  Board.  I 
was  in  Columbus,  Ohio,  and  had  the  diagnosis 
confirmed  by  an  .r-ray  examination  made  by 
Dr.  C.  F.  Bowen. 

The  first  case  I  saw  was  at  Bellevue  Hos- 
pital, and  the  transposition  was  complete.  We 
knew  that  the  transposition  involved  even  the 
suprarenals  and  the  kidneys,  for  I  performed 
a  postmortem  examination. 

I  have  been  asked  if  these  people  are  left- 
handed.  I  want  to  ask  Dr.  Upson  if  in  gather- 
ing his  statistics,  he  has  any  information  on 
this  point. 

I  have  seen  a  few  cases  of  right-sided  heart 
alone,  but  usually  the  transposition  is  complete. 

Dr.  W.  O.  Upson.  Regarding  the  relation- 
ship between  left-handed  people  and  situs 
inversus,  I  have  not  found  anything  in  the  lit- 
erature, or  noted  anything  in  connection  with 
our  own  cases  to  suggest  that  they  are  in  any 
way  related  to  each  other. 

The  point  that  I  wish  to  lay  emphasis  on  is 
the  importance  of  transposition  of  the  viscera, 
and  partial  transposition  of  the  viscera  in  the 
diagnosis  of  thoracic  and  abdominal  diseases. 
I  know  of  nothing  that  will  confuse  so  much 
as  these  conditions,  and  it  is  a  fact  that  the 
physical  examination  very  frequently  fails  to 
detect  the  exact  situation,  especially  in  the 
transposition  of  the  abdominal  viscera. 

In  reply  to  Mr.  Dachtler's  question,  in  our 
cases  the  hearts  were  clinicallv  normal. 


REPORT   OF  A  CASE  OF  DIVERTICULUM  OF  THE  LOWER 
PORTION  OF  THE  ESOPHAGUS 

By  H.  W.  DACHTLER 


TOLEDO,  OHIO 


'TT^HE  patient,  a  female  aged  thirty-six 
-'■  years,  unmarried,  was  referred  by  Dr. 
W.  H.  Fisher  in  January,  1920,  for  an  .t'-ray 
examination  of  the  intestinal  tract  to  deter- 
mine, if  possible,  the  cause  of  some  obscure 
abdominal  symptoms. 

The  family  history  was  negative,  her 
father  was  living  and  well  at  eighty-two  and 
the  mother  living  and  well  at  seventy-six. 


every  time  she  attempted  to  take  food.  Dur- 
ing this  period  she  received  nutritive  enemas. 
She  did  not  respond  to  treatment  and  as  the 
consulting  physician  thought  this  a  neurosis 
she  was  taken  to  another  city  for  observation 
and  was  there  operated  upon  and  both  ovar- 
ies and  the  appendix  removed.  These  were 
said  by  the  patient  to  be  diseased  but  no 
authentic  history  of  the  findings  was  obtain- 


FiG.   I.  Oblique.   Pouch  slightly  posterior  and  above 
diaphragm. 

A  number  of  brothers  and  sisters  were  all 
well.  , 

The  patient  was  well  as  a  girl.  When 
eighteen  years  old  she  had  a  mild  typhoid 
infection  without  complications,  and  made 
a  good  recovery. 

Her  present  trouble  began  in  1908,  with 
pain  in  the  appendix  region  and  some  gastric 
disturbances,  and  for  six  weeks  she  vomited 


Fig.  2.  Anteroposterior.  Pouch  to  right  of  esophagus. 

able.  She  did  not  vomit  after  operation  but 
had  much  distress  in  her  stomach.  She  evi- 
dently was  not  completely  relieved,  for  she 
received  osteopathic  treatments,  and  after 
each  treatment  "raised  much  mucous."  She 
gradually  got  better  but  has  had  stomach 
trouble  ever  since  and  has  vomited  occasion- 
ally. In  1 91 6  a  cervical  adenitis  was  operated 
and  three  months  later  her  tonsils  were  re- 
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moved  and  said  to  be  badly  diseased.  During 
191 9  she  was  worse  and  lost  weight,  and  she 
was  seen  by  me  in  January,  1920. 

On  examination  she  was  found  to  have  a 
marked  scoliosis,  but  examination  of  the 
lungs  was  negative  and  there  was  no  evi- 
dence of  vertebral  disease.  The  first  of  the 
barium  meal  was  seen  to  enter  a  pouch  to 
the  right  of  and  partially  posterior  to  the 
esophagus,  about  four  inches  from  the  cardia, 
and  then  to  overflow  into  the  lower  portion 
of  the  esophagus  and,  after  some  delay  at 
the  cardia,  to  enter  the  stomach.  Throughout 
the  taking  of  the  barium  mixture  there  was 
some  delay  at  the  cardia,  but  this  was  not 
sufficient  to  cause  any  dilatation  of  the 
esophagus.  The  stomach  was  atonic  and 
three  inches  below  the  umbilicus,  but  was 
otherwise  normal  and  evacuation  was  com- 
plete in  five  hours.  There  was  very  definite 
delay  in  the  duodenal-jejunal  region  sug- 
gesting adhesions  and  adhesions  around  the 


terminal  ileum  which  also  caused  some  delay 
in  the  lower  ileum.  Later,  when  the  colon 
filled,  marked  adhesions  were  found  involv- 
ing the  transverse  colon. 

April  29,  1920,  she  was  again  operated 
and  the  adhesions  were  broken  up. 

I  saw  her  again  in  March,  1921,  for  a 
sinus  examination,  and  she  had  gained  in 
weight,  looked  better  and  claimed  to  be  much 
stronger  and  to  have  a  good  appetite  and 
very  little  stomach  trouble.  While  she  claims 
to  have  at  times  some  difficulty  in  swallow- 
ing it  is  hard  to  elicit  any  symptoms  that  can 
be  attributed  to  the  diverticulum.  They  are 
more  suggestive  of  a  cardiospasm.  Patient 
has  refused  to  submit  to  examination  with 
an  esophagoscope. 

This  case  was  reported  owing  to  the 
apparent  rarity  of  a  diverticulum  in  this 
region.  It  does  not  appear  to  be  a  traction 
diverticulum  and  its  etiology  is,  to  me,  un- 
certain. 


TOTAL  RADIATION  FALLING  ON  SURFACES  EXPOSED 

TO  POINT  SOURCES 

By  JULIUS  KAUFMAN,  M.D. 

BROOKLYN,    NEW    YORK 


TN  our  study  of  ^--ray  physics  we  noted  that 
-'-there  was  Httle  if  any  distinction  made 
between  the  "intensity"  of  radiation  falling 
on  a  unit  area,^  and  total  radiation  falling 
on  a  finite  area.  Very  often  the  same  laws, 
though  not  applicable,  were  applied  to  both. 
The  inverse  square  law,  for  example,  was 
often  used  to  compare  radiations  on  similar 
surfaces  exposed  to  the  same  source  at  dif- 
ferent distances.  Thus  it  was  not  uncommon 
to  find  it  stated  without  reservation  that  a 
surface  exposed  at  twice  the  distance  of  a 
similar  surface  would  receive  one  fourth 
the  radiation  of  the  nearer  surface  provided 
both  were  exposed  to  the  same  source.  This 
is  not  true.  We  will  show  that  the  farther 

IBy  "unit  area"  is  meant  an  infinitely   small  area 
approaching  the  point  as  a  limit. 


surface  will  receive  radiation  greater  than 
one  fourth.  As  a  matter  of  fact  if  two  like 
surfaces  are  exposed  to  the  same  source  at 
different  distances,  the  farther  surface  will 
always  receive  greater  radiation  than  calcu- 
lations based  on  the  inverse  square  law 
would  lead  us  to  believe.  If  we  wish  to  com- 
pare radiation  on  surfaces  with  scientific 
accuracy,  it  may  only  be  done  by  determining 
the  total  radiation  falling  on  each  surface 
individually.  I  have  never  seen  a  method  of 
doing  this. 

I  have  written  what  follows  chiefly  for 
three  reasons: 

1.  I  wished  to  show  a  method  by  which 
we  could  determine  the  total  radiation  fall- 
ing on  a  surface  exposed  to  a  point  source. 

2.  I  wished  to  show  that  the  inverse  square 
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law  could  not  be  used  to  compare  radiation 
on  surfaces,  its  use  being  limited  solely  to 
the  comparison  of  intensities. 

3.  If  we  admit  that  the  radiation  on  like 
surfaces  exposed  to  the  same  source  varies 
inversely  as  the  squares  of  the  distances, 
then  it  must  follow  that  the  intensity  of 
similar  points  on  both  surfaces  bears  the 
same  relation.  The  admission  of  such  a  fact 
is  misleading  and  may  lead  us  into  gross 
errors.  We  will  illustrate  just  what  we  mean 
by  a  hypothetical  case.  Suppose  we  exposed 
a  flat  circular  surface  with  a  ten-inch  diam- 
eter, at  an  eight-inch  distance  from  the 
source,  by  overlapping  two  equal  exposures, 
the  targets  being  ten  inches  apart,  perpen- 
dicularly above  diametrically  opposite  points 
on  the  circumference  of  the  surface.  Suppose 
we  moved  our  surface  to  16  inches  (twice 
the  original  distance),  exposed  as  before, 
increasing  our  exposure  time  by  four.  If  we 
were  then  to  compare  the  intensity  of  similar 
points  on  both  surfaces,  we  would  find  that 
they  were  not  equal  at  all,  but  that  all  points 
on  the  farther  surface  received  a  greater  in- 
tensity of  radiation.  The  central  point  on 
the  farther  surface,  for  example,  would  re- 
ceive an  intensity  of  radiation  greater  by 
42  per  cent  than  the  corresponding  point  on 
the  nearer  surface.  When  two  similar  sur- 
faces are  exposed  to  the  same  source  at  dif- 
ferent distances,  the  intensities  of  similar 
points  bear  no  direct  relation  to  the  dis- 
tances of  exposure. 

I,    THE    FALLACY    OF    APPLICATION    OF    THE 
INVERSE   SQUARE   LAW   IN   RADIOGRAPHY 

Those  who  apply  the  inverse  square  law 
do  it  with  the  following  as  the  basis:  They 
say  that  the  radiation  falling  on  a  flat  sur- 
face at  a  given  distance  from  a  source 
would,  fall  on  four  times  as  large  an  area  at 
twice  that  distance.  From  this  they  infer 
that  the  original  surface  would  receive  one 
fourth  the  original  radiation  at  twice  the 
distance.  This  would  be  so  if  the  radiation 
over  our  surfaces  were  equally  distributed. 
But  this  is  not  the  case.  The  intensity  on  any 
surface  increases  as  we  go  toward  the  per- 


pendicular ray  and  decreases  as  we  go  away 
from  it.  Our  original  surface  would  get 
proportionately  more  radiation  if  near  this 
ray,  and  correspondingly  less  if  removed 
from  it. 

Flat  surfaces,  exposed  so  that  the  perpen- 
dicular ray  is  central,  always  receive  greater 
radiation  than  calculations  based  on  the  in- 
verse square  law  would  lead  us  to  believe. 
If,  for  example,  two  8''  x  8^'  surfaces  were 
exposed  to  the  same  source  for  the  same 
period  of  time,  one  at  10  inches  and  the 
other  at  100  inches,  the  second  surface  would 
not  receive  one  one-hundredth  (i/ioo)  of 
the  radiation  of  the  first,  but  actually  one 
seventieth  (1/70).  That  is,  it  would  receive 
40  per  cent  more  than  calculations  based  on 
the  inverse  square  law  would  lead  us  to 
believe. 

II.  TOTAL  RADIATION  ON  ANY  SURFACE! 
THE  VERSIN  LAW 

Given  any  surface  ABD  (Fig.i),  receiv- 
ing a  cone  of  rays  from  a  source  S. 

To  find  how  much  of  the  total  radiation 
of  the  source  will  fall  on  surface  ABD  if 
the  total  radiation  of  our  source  is  O. 

With  S  as  a  center  and  R  as  a  radius,  cir- 
cumscribe the  sphere,  EFG.  The  cone  of 
rays  going  to  our  surface  intersects  the  sur- 
face of  our  sphere  in  the  circle  HCL.  The 
plane  of  circle  HCL  cuts  off  a  portion  of  the 
surface  of  our  sphere  HML.  Such  a  surface 
so  cut  off  is  known  as  a  zone  of  one  base.  Its 
area  is  equal  to  (27rR)  X  (CM). 

(The  area  of  a  zone  is  equivalent  to  the 
circumference  of  a  great  circle  by  the  alti- 
tude of  the  zone.) 

If  R.S.,  R.Z.,  and  R.X.  represent  the  ra- 
diation on  the  sphere,  the  zone  and  the  sur- 
face respectively,  then 

R.Z.  (27rR)  X  (CM)     . 

r:s:  =  4'^R^ —  '  '"^ ""  " 

(27rR)  X  (CM)  is  the  area  of  the  zone,  and 
47rR2  is  the  area  of  the  sphere. 
R.Z.  CM 


Q      ~ 

R.Z.    = 


2R 
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CM 


(R  — SC) 


But  —5—  is  equal  to  ^^ ,  which  in 

SC 
turn  is  equal  to   i  —  -:^  ,  which  in  its  turn 

is  equal  to    (i  —  Cos.  a),  so  that 

Q 
R.Z.  =  ^     X      (I  — Cos.  a). 


But  R.Z.  is  equal  to  R.X.,  and  (i  —  Cos.  a) 
is  equal  to  Versin  a,  or 

O 
R.X.     =      ^     X     Versin  a. 
2 

From  the  above  expressions,  we  may  ex- 
press the  following  law: 

The  total  radiation  on  any  surface  receiv- 
ing a  cone  of  rays  from  a  point  source  is 
equal  to  half  the  total  radiation  at  the  source 
by  the  Versin  of  the  cone  angle.^ 

If  the  surface  exposed  be  a  flat  surface, 
then  the  expression 

2A  cone  angle  is  that  plane  angle  which  would 
generate  the  cone  if  revolved  about  one  of  its  sides 
as    an    axis. 


R.X.     = 


R.X.     = 


Q 


Q 


X     Versin  a,  becomes 
d 


X      (I- 


) 


(d'+r^)5 

in  which  d  is  equal  to  the  distance  of  the 
surface  from  the  source,  and  r  is  its  radius. 
If  we  were  to  expose  a  flat  surface 
whose  radius  was  8  inches  to  a  point  source 
at  a  distance  of  10  inches,  we  would  find 
from  the  above  expression  that  our  surface 
received  o.  11  per  cent  of  our  total  radiation. 
If  now  we  removed  this  surface  to  a  distance 
of  100  inches  it  would  receive  .0016  per  cent 
of  the  total  radiation,  and  not  .0011  per  cent 
which  it  should  receive  according  to  calcula- 
tions based  on  the  use  of  the  inverse  square 
law.  If  we  had  increased  our  exposure  a  hun- 
dred times  when  we  removed  our  surface  to 
100  inches,  the  total  radiation  over  it  would 
be  greater  than  the  total  radiation  on  the 
nearer  surface.  If  we  were  to  analyze  the 
intensities  of  points  on  each  surface,  com- 
paring corresponding  points,  we  would  find 
that  each  point  on  the  farther  surface,  with 
the  exception  of  the  central  point,  received  a 
greater  intensity  of  radiation.  A  comparison 
of  the  intensities  of  the  central  points  would 
show  them  to  be  equal.  If  instead,  we  had 
irradiated  our  original  surface  by  means  of 
overlapping  two  or  more  exposures,  and  had 
then  irradiated  a  similar  surface  at  ten 
times  the  original  distance,  increasing  our 
exposure  by  a  hundred,  a  comparison  of  the 
intensities  of  corresponding  points  would 
show  that  the  intensity  of  all  points  on  the 
farther  surface  was  greater  than  similar 
points  on  the  nearer.  The  above  means  that 
if  we  expose  a  given  area  at  a  given  distance 
by  a  certain  technique,  correcting  our  orig- 
inal exposure  time  by  use  of  the  inverse 
square  law,  upon  removing  this  area  to  an- 
other distance,  does  not  insure  the  same 
irradiation  as  originally  received.  The  dis- 
parity is  at  times  alarming,  especially  when 
the  areas  have  been  irradiated  by  overlap- 
ping exposures,  when  they  are  large,  and 
when  the  distance  removed  is  great. 

SThis  expression  may  be  obtained  by  substituting 
for  the  Versin  its  equivalent  in  terms  of  d  and  r. 
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T  S  ALL  matter  made  of  some  common 
-*■  elemental  unit?  If  so  what  is  this  unit, 
and  by  what  differences  of  arrangement  are 
apparently  different  kinds  of  matter  con- 
structed? These  are  fundamental  questions 
demanding  answers  at  the  hands  of  the  phys- 
ical sciences. 

In  the  past  decade  an  abundance  of  data 
has  accumulated  upon  which  very  plausible 
theories  have  been  constructed  which  attempt 
to  answer  these  questions.  The  two  most  pro- 
lific sources  of  information  have  been  radio- 
active materials  and  the  electric  discharge 
(or  .r-ray)  tube.  When  the  roentgenologist 
makes  an  .r-ray  shadow-photograph  of  a 
hand,  he  is  generally  satisfied  with  the  know- 
ledge of  the  form,  texture  and  arrangements 
of  the  grosser  structures  of  the  hand  which 
the  radiogram  yields.  The  physicist  substi- 
tutes for  the  hand  an  inorganic  crystal  and  is 
not  satisfied  when  the  A"-ray  negative  has  dis- 
closed the  complete  arrangement  of  the 
atoms  within  the  cr3^stal,  but  demands  that  it 
also  tell  the  structure  of  the  atom  itself. 

The  rays  emanating  from  the  target  of  an 
.r-ray  tube  are  a  collection  of  electro-mag- 
netic waves  of  various  wave-lengths  similar 
to  heat  radiation,  light  and  wireless  waves. 
Thev  differ  only  in  the  length  or  frequency 
of  their  waves.  Thus,  wireless  waves  are 
measured  in  meters,  light  waves  in  thous- 
andths of  a  millimeter  and  .r-rays  in  ten  mil- 
lionths  of  a  millimeter.  Some  appreciation  of 
the  shortness  of  this  wave  length  may  be 
gleaned  from  the  statement  that  if  an  .r-ray 
wave  were  to  be  stretched  to  the  length  of  an 
inch,  the  inch  by  a  like  stretching  would 
equal  the  length  of  the  earth's  radius. 

The  fundamental  idea  whose  application 
has  made  it  possible  to  separate  this  mixed 
bundle   of   rays   into   its  component   wave- 


lengths is  due  to  Dr.  Laue  of  Zurich,  and  its 
application  has  been  ably  extended  by  W.H. 
and  W.  L.  Bragg  and  others.  It  assumes  that 
the  atoms  in  a  crystal  of  pure  chemical  are 
regularly  arranged  in  planes  with  uniform 
spacing.  It  should  then  be  possible  to  use  such 
a  crystal  in  the  place  of  and  with  the  same 
effect  for  .r-rays  as  the  physicist  uses  the 
familiar  "diffraction  grating"  for  visible 
light. 

Referring  to  Figures  i  and  2,  it  will  be 
seen  that  if  the  crystal  planes  are  regularly 
arranged,  a  reflected  beam  will  arise  when 
the  waves  from  adjacent  planes  are  in  the 
same  phase.  The  path  difference  of  the  waves 
must  then  equal  one  or  more  whole  wave- 
lengths. 

Mathematically  this  is  written 
wA.  =  2a  sin  0 
Where  w  =  a  whole  number,  i,  2,  etc. 
0  =  the  angle  of  incidence 
a  =  the  distance  between  crystal 
planes 
and  A  =    the  wave-length. 

If  now  the  crystal  be  rotated  and  the  re- 
flected beams  be  allowed  to  fall  upon  a 
photographic  plate,  each  part  of  the  plate  will 
receive  rays  of  a  different  wave-length  accor- 
ding to  the  angle  0 ;  and  the  intensity  of  any 
particular  wave-length  may  be  found  from 
the  relative  density  of  the  plate.  This  photo- 
graphic representation  of  the  resolved  wave- 
lengths may  be  called  an  ".r-ray  spectrum". 

a.  Line  Series  Due  to  Crystalline  Structure 

If  in  the  crystal  there  is  any  regular  ar- 
rangement of  atoms,  it  should  be  possible  to 
have  several  sets  of  parallel  planes.  The  dis- 
tance between  planes  in  any  one  set  is  the 
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same,  but  it  is  different  from  that  between 
members  of  any  other  set.  Now  if  a  crystal 
is  mounted  with  careful  reference  to  the 
position  of  its  atomic  planes  and  is  subjected 
to  a  beam  of  .t--rays  with  only  one  wave- 
length, when  the  crystal  is  rotated  a  reflected 


ray  beam  of  a  single  wave-length,  all  the  pos- 
sible plane  sets  are  exposed  and  all  the  pos- 
sible lines  appear  simultaneously  on  the 
plate.  These  lines  are  due  to  and  characteris- 
tic of  the  atomic  arrangement  in  the  crystal- 
line structure  of  the  powder  used. 


Fig.  I.  Diagram  of  the  .v-ray  spectrometer. 
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Fig.  2.  Diagram  illustrating  the  principles  of  .t'-ray  reflection  for  multiple  atomic  planes. 


beam  will  occur  whenever  the  values  of  ^ 
and  a  are  such  as  to  satisfy  the  above  ec|ua- 
tion  or  whenever  sin  0  =  nX/2a.  Since  sin  B 
cannot  have  a  value  greater  than  i,  only 
those  sets  of  planes  with  an  a-value  greater 
than  A/2  will  be  represented  by  a  reflected 
beam  affecting  the  plate. 

Drs.  Hull  and  Debye  independently  sug- 
gested that  complete  chaos  of  arrangement 
would  do  as  well  as  exact  uniformity.  Dr. 
Hull,  accordingly,  pulverizes  the  crystal, 
places  it  in  a  small  tube  and  backs  it  with  a 
photographic  plate.  When  exposed  to  an  x- 


One  may  now  measure  the  angle  0  by  the 
position  of  the  line  on  the  plate,  and  the 
wave-length  of  the  ;r-ray  beam  being  known, 
one  can  easily  calculate  the  distance  between 
the  parallel  planes  in  each  set.  Then,  knowing 
the  number  and  the  relations  of  the  plane 
sets,  one  can  reconstruct  the  geometrical  pat- 
tern of  the  crystal  and  determine  the  position 
of  the  atoms  themselves. 

In  this  way.  Dr.  Hull  and  others  have  ex- 
amined the  crystalline  structure  of  innumer- 
able substances  and  have  demonstrated  that 
such  physical  properties  as  tensile  strength, 
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hardness,  etc.,  bear  a  definite  relation  to  the 
arrangement  of  the  atoms,  and  that,  knowing 
the  arrangement  of  the  atoms,  these  physical 
properties  can  be  inferred. 

Once  the  characteristic  lines  of  a  crystal 
have  been  charted,  it  may  readily  be  identi- 
fied again,  and  since  no  two  chemicals  pre- 
sent identical  crystalline  structure,  this  chart 
is  characteristic  of  its  chemical  composition. 


Haf-36% 
KCL--6¥f« 


Fig.  3.   Spectra  of  mixed  crystals  of  NaF  and  KCl. 
(By  courtesy  of  Dr.  Hull.) 

Dr.  Hull  has  pointed  out  the  value  of  this 
method  in  the  analysis  of  mixtures  of  chemi- 
cals in  crystalline  form.  This  is  exemplified 
in  the  photograph  in  Figure  3  representing 
the  spectrum  analysis  of  a  mixture  of  NaF 
and  KCl.  Ordinary  chemical  methods  demon- 
strate only  the  presence  of  the  four  elements 
and  their  proportions,  but  cannot  tell  in  what 
combinations  they  exist.  It  is  readily  seen 
that  by  a  comparison  with  the  .ar-ray  charts 
of  the  pure  chemicals  no  mistake  in  the  com- 
bination of  the  four  elements  could  be  made. 
Quantitative  measurements  are  also  possible 
by  the  use  of  comparison  samples. 

b.  Characteristic  Lines  Due  to  Atomic 
Structure 

Figure  4  shows  the  distribution  of  energy 
throughout  the  spectrum  of  a  beam  of  .r-ray 
produced  by  a  tungsten  target  under  various 
voltages.  It  will  be  observed  that  there  is  a 
definite  lower  limit  in  the  wave-length  (on 
the  "blue  end"  of  the  spectrum)  determined 
by  the  maximum  voltage.  Above  this  lower 


limit  (towards  the  "red  end")  every  wave- 
length is  present  with  some  amount  of  ener- 
gy, but  this  energy  is  not  evenly  distributed, 
and  it  will  be  noticed  that  some  regions  have 
more  energy  (represented  by  an  elevation  of 
the  line)  than  those  on  either  side.  These 
peaks  or  elevations  are  found  to  be  charac- 
teristic of  the  metal  in  the  target,  and  if  the 
regions  of  extraordinary  energy  be  represen- 
ted by  a  central  line  passing  through  the 
peak,  the  "characteristic  spectrum"  of  the 
emitting  metal  is  obtained.  M.  Sommerfeld 
has  mapped  the  characteristic  spectra  of 
practically  all  the  metals. 

If  the  corresponding  lines  of  these  char- 
acteristic spectra  are  designated  by  the  con- 
ventional letters  used  by  Sommerfeld  as  in 
Figure  5,  certain  remarkable  relations  are 
found  to  exist  between  them. 

I.  The  same  lines  appear  in  practically  the 
same  order  in  the  spectrum  of  every  metal. 


Fig.  4.  X-ray  spectrum  and  light  intensity  measured 
vertically,  wave  length  horizontally.  (By  courtesy 
of  Dr.  Hull.) 

2.  The  wave-length  of  any  particular  line 
grows  shorter  as  the  atomic  number  (and 
the  atomic  weight  )of  the  element  increases. 

3.  If  the  number  of  waves  per  centimeter 
(i/A)  be  used  instead  of  the  wave-length, 
then  the  difference  between  various  pairs  of 
lines  in  the  same  spectrum  is  the  same ;  as — 

i^    —  L    =  L    —  L      =  L    —  L   —  fff 

5  7  j8  d  0  p         ^^^' 
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This  ability  on  the  part  of  the  radiating 
atom  to  emit  its  energy  in  certain  definitely 
related  frequencies  gives  a  clue  to  the  struc- 
ture of  the  atom  itself.  On  the  basis  of  facts 
such  as  these,  Bohr,  Kossel,  and  Sommer- 
feld  have  developed  a  hypothetical  atom 
which  should  theoretically  emit  and  absorb 
energy  exactly  as  actual  atoms  do.  Figure  6 
is  the  representation  of  such  an  atom. 

It  consists  of  a  positive  nucleus,  outside  of 
which  there  are  as  many  electrons  as  the 
"atomic  number"  of  the  element.  The  elec- 


times  the  frequency  of  the  emitted  wave,  a 
higher  frequency  and  a  shorter  wave-length 
will  result  with  the  longer  fall  in  the  latter 
case.  In  each  shell  there  may  further  be  as 
many  ellipses  as  the  serial  number  of  the 
shell  counting  outwards  from  the  nucleus. 
In  the  "characteristic"  spectrum  at  least 
three  series  have  been  identified  correspond- 
ing to  three  shells ;  the  K,  L,  and  M  series,  in 
the  order  of  the  increasing  wave-length  or 
softness  of  the  ray.  When  an  electron  falls 
from  any  of  the  outer  rings  to  the  K  or  inner 
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Fig.   5.   Diagram  of  lines   in  the  tungsten   spectrum. 


trons  are  supposed  to  be  in  motion  and  are 
confined  to  shells  which  may  be  spherical  or 
ellipsoidal  in  shape.  Mathematical  consider- 
ations rec[uire  that  the  energy  of  the  system 
be  determined  by  the  position  of  the  electrons 
with  respect  to  the  nucleus,  being  greater  for 
the  electrons  in  the  more  distant  positions,  so 
that  the  removal  of  an  electron  from  the 
outer  to  an  inner  ring  or  shell  represents  a 
loss  of  energy.  When  A--rays  are  emitted  by 
an  atom  the  energy  of  the  atom  must  be  re- 
duced, and  this  must  mean  that  one  or  more 
electrons  have  fallen  into  an  orbit  closer  to 
the  central  positive  atomic  nucleus.  This  fall- 
ing in  may  be  produced  by  the  application  of 
an  external  force,  i.e.,  by  means  of  the  cath- 
ode stream  or  jr-rays.  If  an  electron  falls  to 
the  inner  ring  from  the  next  outer  ring  less 
energy  will  be  given  up  than  if  it  fall  from 
the  outermost  ring.  Since,  according  to  the 
theory  of  Planck,  the  energy  given  up  is 
equal  to  a  constant  {h,  "Planck's  Constant") 


ring,  the  K  series  of  lines  is  emitted,  when 
falling  to  the  L'  or  U^  rings,  the  L  series  is 
emitted,  etc. 

Referring  to  Figure  6  it  appears  that  this 
structure  of  the  atom  readily  explains  the 
regular  frequency  differences  just  described. 
For  when  one  compares  the  amount  of  ener- 
gy given  up  by  an  electron  falling  from  the 
inner  M  ring  to  the  outer  L  ring  with  that  of 
one  falling  from  the  same  ring  to  the  inner 
L  ring,  less  energy  will  be  emitted  in  the  for- 
mer case.  The  first  case  gives  the  Le  spectral 
line.  The  latter  gives  the  L,;  line.  The  fre- 
quency difference  in  the  two  lines  is  thus  de- 
pendent upon  the  difference  in  the  L  rings. 
Moreover,  this  same  frequency  difference 
will  appear  in  the  spectral  lines  for  every 
ring  outside  the  L  rings  from  which  elec- 
trons could  fall  and  give  rise  to  a  pair  of 
equidistant  "L"  lines. 

Further  it  is  clear  that  if  the  electron  must 
be  driven  closer  to  the  nucleus  to  produce 
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"K"  lines  than  "L"  lines,  the  agent  produc- 
ing such  dislocation  must  possess  more  ener- 
gy. In  the  ;r-ray  tube  the  driving  force  is  de- 
termined by  the  potential  applied  to  the  tube 
and  a  higher  potential  must  be  used  to  pro- 
duce "L"  lines  than  "M"  lines  and  still  high- 
er to  produce  "K"  lines,  and  only  when  it 
reaches  a  certain  critical  value  will  the  "L" 
lines  and  the  "K"  lines  appear  and  when  one 
of  a  series  is  produced   all  of  that  series 


and  represents  the  absorption  of  energy  of 
the  atom.  This  means  that  electrons  are  dis- 
placed towards  an  outer  from  an  inner  ring. 
In  fact  there  is  evidence  that  in  the  atom  the 
outer  rings  are  normally  full  and  if  once  an 
electron  is  dislodged  it  leaves  the  range  of 
the  nuclear  influence  entirely.  To  dislodge  an 
electron  from  any  of  the  rings  would  require 
slightly  more  energy  than  that  represented  by 
the  highest  frequency  line  of  that  series.  If 


sorption 
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Fig.  6.   Diagram  of  Bohr's  hypothetical  atom. 


should  appear  simultaneously.  This  has  been 
experimentally  verified. 

Further,  for  the  atom  of  large  atomic 
number  (atomic  weight)  there  are  a  larger 
number  of  protecting  electrons  in  the  outer 
shells,  since  they  are  presumed  to  equal  the 
atomic  number  of  the  element ;  and  therefore 
a  higher  voltage  should  be  necessary  to  pene- 
trate to  an  inner  ring  of  the  heavier  atoms  to 
produce  any  particular  series.  This  also  has 
been  demonstrated. 

c.  Absorption  Bands  Due  to  Atomic 
Structure 

The  phenemenon  of  absorption  is  in  a 
sense  the  reverse  of  the  process  of  emission 


we  pass  a  beam  of  ,t'-rays  consisting  of  all 
wave-lengths  through  a  thin  sheet  of  any  ele- 
ment, we  should  expect  those  wave-lengths 
slightly  shorter  than  the  shortest  wave-length 
of  each  series  in  the  emission  spectrum  of 
that  element  to  be  absorbed,  leaving  dark 
bands.  Bands  have  been  observed  for  the 
"K,"  "L',"  and  "U'"  series  of  some  metals. 
Langmuir  has  pointed  out  that  certain 
groupings  of  electrons  give  more  stable  con- 
ditions than  others ;  for  example,  two  in  the 
inner  ring  and  eight  in  the  second  ring  rep- 
resent such  a  stable  condition.  This  repre- 
sents the  conditions  in  the  element  Neon,  a 
singularly  inert  "noble  gas".  Just  beneath  it 
in    order    of    atomic    number    is    Fluorine 
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(whose  atomic  number  is  9),  with  two  elec- 
trons in  the  inner  and  seven  in  the  outer 
ring;  just  above  it  stands  Sodium  (whose 
atomic  number  is  11),  with  one  electron  in 
excess  of  the  stable  condition.  Neither  of 
these  is  stable,  but  if  they  should  come  into 
intimate  contact  so  that  the  sodium  atom 
could  give  up  one  of  its  electrons  to  the  fluor- 
ine (or  possibly  share  it),  then  each  of  the 
two  atoms  would  have  the  required  number 
for  stability.  The  loss  of  an  electron  would 
leave  the  sodium  atom  a  positively  charged 
ion,  while  the  gain  of  an  electron  would 
make  the  fluorine  atom  a  negatively  charged 
ion.  Several  such  ions  together  due  to  attrac- 
tive forces  would  arrange  themselves  so  that 
the  oppositely  charged  ions  were  at  the  ad- 
jacent vertices  of  a  cubical  structure.  This 
has  been  found  to  be  the  case  by  the  A'-ray 
analysis  of  the  crystals  of  this  substance. 
Further,  when  NaF  is  melted  it  is  found  to 
be  an  electrolytic  conductor,  as  would  be  ex- 
pected if  it  were  a  collection  of  ions. 

This  theory  of  atomic  structure  has  still 
several  things  to  explain.  If  the  electrons  ro- 
tate about  the  nucleus  they  should  give  rise  to 
magnetic  polarity  and  a  collection  of  atoms 
should  show  paramagnetic  properties.  As  a 
matter  of  fact,  liquid  hydrogen  has  been 
shown  not  to  be  paramagnetic.  These  objec- 
tions may  be  overcome  by  assuming  a  vibra- 
tory motion  or  a  rotation  of  the  electron 
about  some  fixed  position  of  rest. 

The  idea  that  the  different  elements  might 
all  be  constructed  by  the  combination  of  in- 
dividual particles  of  some  mother  substance 
such  as  hydrogen  is  not  a  new  one.  Hydro- 
gen was  first  suggested  by  a  British  physi- 
cian, Dr.  Prout,  as  early  as  181 5.  Now  after 
a  lapse  of  a  century,  scientists  are  support- 
ing the  original  theory  with  very  convincing 
experimental  proof.  Our  conception  of  the 
hydrogen  atom  now  is  that  of  a  certain 
nuclear  content  called  the  hydrogen  nucleus, 
and  one  outer  electron. 

One  of  the  most  serious  objections  to 
Prout's  theory,  which  has  only  lately  been 
successfully  met,  is  that  if  hydrogen  is  taken 


as  the  standard  with  an  atomic  weight 
of  I,  the  remaining  atoms  built  up  of  these 
units  should  always  have  the  atomic  weights 
in  whole  numbers  and  fractional  atomic 
weights  would  be  impossible.  As  an  example 
to  the  contrary  one  may  quote  chlorine  with 
an  atomic  weight  of  35.46.  In  recent  experi- 
ments by  Dempster  and  Aston,  it  has  been 
shown,  however,  that  such  elements  with 
fractional  atomic  weights  are  not  homoge- 
neous elements  but  are  mixtures  of  atoms 
with  unlike  atomic  weights  but  with  appar- 
ently identical  physical  and  chemical  proper- 
ties except  in  respect  to  their  atomic  weight. 
Such  elements  are  called  "isotopes."  Chlor- 
ine is  shown  to  be  a  mixture  of  atoms  having 
the  atomic  weights  of  34,  35,  36,  and  37. 
Similar  conclusions  are  drawn  in  regard  to 
several  of  the  other  "elements." 

Another  objection  to  the  idea  of  hydrogen 
being  the  true  mother  substance  rests  on  the 
failure  to  demonstrate  the  production  of  hy- 
drogen on  the  disintegration  of  the  more 
complex  atoms.  Most  materials  seem  to  pro- 
duce or  evolve  simple  multiples  of  hydrogen, 
e.g.,  helium  from  radium.  But  in  some  recent 
researches.  Sir  Ernest  Rutherford  bombard- 
ed nitrogen  with  the  a-rays  of  radium  and 
found  quite  conclusive  evidence  of  the  for- 
mation of  hydrogen. 

I  have  attempted  to  tell  you  in  part  what 
the  study  of  the  .^I'-ray  and  its  use  in  connec- 
tion with  other  problems  has  played  in  the 
progress  that  has  been  made  by  the  physicist 
toward  the  solution  of  the  problem  of  the 
ultimate  constitution  of  matter.  But  should 
this  theory,  or  some  other  that  may  have  to 
be  substituted  for  it  as  an  explanation  of  the 
atomic  structure,  be  accepted  as  a  fact,  the 
scientist  is  still  left  with  the  problem  of  the 
constitution  of  the  nucleus  and  of  the  elec- 
tron. 

[We  wish  to  acknowledge  our  apprecia- 
tion of  the  kindness  of  Dr.  A.  W.  Hull,  of 
the  Research  Laboratories  of  the  General 
Electric  Company,  for  permission  to  publish 
Figures  3  and  4.] 
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T  T  HAS  been  said  that  the  radiograph  is 
-*■  the  otologist's  best  consultant.  If  it  is  to 
be  used  as  so  important  a  consultant  it  must 
be  considered  after  obtaining  the  complete 
clinical  data. 

To  be  of  its  greatest  value  it  must  be  the 
most  perfect  plate  that  can  be  made.  Any 
motion,  however  slight,  will  produce  a  blui 
and  obscure  the  fine  detail  of  the  mastoid 
cells  and  will  perhaps  lead  to  an  erroneus  in- 
terpretation. One  of  the  prime  requisites  in 
taking  mastoid  plates  is  that  they  be  taken 
with  the  finest  focus  tube.  A  plate  taken  with 
a  broad  focus  tube  at  the  usual  distance  is 
quite  as  objectionable  as  motion  because  of 
the  resulting  loss  of  detail. 

The  position  which  gives  the  most  desir- 
able view  of  the  mastoid  cells  is  that  first  de- 
scribed by  Law  and  later  adopted  by  the  U.S. 
Army.  This  is  in  brief:  patient  lying  on  the 
side  with  the  head  on  a  horizontal  head  hold- 
er, the  pinna  folded  forward  and  the  mastoid 
in  contact  with  the  plate,  the  eyes  in  a  verti- 
cal plane,  and  the  tube  so  placed  that  the 
central  rays  will  enter  at  a  point  about  an 
inch  and  a  half  above  and  the  same  distance 
behind  the  external  auditory  meatus  of  the 
side  uppermost.  This  superimposes  the  inter- 
nal and  external  auditory  meati  of  the  side  in 
contact  with  the  plate,  and  shows  its  anatomy 
with  the  least  distortion  and  superimposi- 
tion  of  the  parts.  It  is  for  this  reason  that 
the  anteroposterior  position  is  not  advisable. 

The  resulting  radiogram  should  show 
the  temporal  bone  in  its  entirety,  but  as  little 
of  the  surrounding  area  as  possible.  This  can 
be  obtained  by  using  a  small  cone  brought  in 
close  relation  with  the  patient's  head,  thereby 
eliminating  the  fogging  effect  of  scattered  ir- 
radiation seen  in  plates  including  more  of  the 
skull. 


The  question  of  preference  between  films 
or  plates  is  usually  one  of  individual  taste, 
although  the  same  wealth  of  detail  and  con- 
trast that  can  be  obtained  on  a  plate  does 
not  seem  to  be  obtainable  on  a  film. 

Radiographs  made  with  intensifying 
screens,  either  single  or  double,  no  matter 
how  used,  are  not  desirable  for  mastoid 
radiography  because  of  lack  of  detail  and 
contrast,  and  on  account  of  graininess.  Stere- 
oscopic views  of  the  mastoid  have  the  same 
advantage  over  flat  plates  that  holds  true  of 
stereoscopic  plates  of  other  parts  of  the  body. 
They  are,  however,  a  refinement  of  technique 
and  not  a  necessity.  In  the  majority  of  cases 
the  flat  plate  will  yield  the  same  amount  of 
information  if  carefully  studied. 

The  radiographs  of  this  region  require  a 
longer  exposure  (because  of  the  extreme 
density  of  the  structures)  than  those  of  any 
other  part  of  the  body,  and  consequently  may 
show  motion. 

Not  infrequently  the  patient's  condition 
offers  difficulties  in  getting  a  satisfactory 
plate.  There  may  be  so  much  post-aural  pain 
that  the  patient  is  unable  to  rest  his  head  se- 
curely enough  to  prevent  trembling  during 
exposure,  even  when  held  in  head-holder. 
This  may  be  greatly  intensified  by  folding 
the  pinna  forward. 

Knowledge  of  the  variations  occurring  in 
the  anatomy  of  the  part  is  necessary  for  cor- 
rect interpretation  of  the  radiographic  find- 
ings. 

The  anatomical  distribution  of  the  cells 
cannot  be  determined  from  the  shape  or  size 
of  the  mastoid  process  or  the  external  con- 
tour of  the  patient's  head.  Both  the  anatom- 
ical distribution  and  cell  structure,  however, 
may  be  shown  by  roentgen  ray  examination. 

Mastoids  are  usuallv  divided  into  three 
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types  according  to  cellular  structure  found, 
namely  pneumatic,  diploic,  and  mixed. 

The  pneumatic  cells  are  to  be  found  in  the 
mastoid  and  squamous  processes  and  not  in 
the  petrous  portion.  Occasionally  we  find 
mastoids  in  which  there  appear  to  be  several 
pneumatic  cells  coalesced  into  one  large  cell 
area.  Law^  states:  "The  structure  of  the  mas- 
toids of  both  sides  are,  as  a  rule,  similar. 
Where  there  is  a  large  cell  on  one  side  there 
will  be  a  correspondingly  large  cell  on  the 
other.  This  occurs  so  frequently  that  we  can 
consider  the  two  mastoids  alike  in  structure." 

Diploic  cells  are  always  found  in  the  base 
of  the  petrous  portion  about  the  antrum, 
although  they  may  extend  into  the  mastoid 
process,  in  which  they  are  limited  to  the  re- 
gion anterior  to,  or  perhaps  overlying  the 
lateral  sinus.  More  rarely  they  extend  into 
the  squamous  portion. 

In  about  80  per  cent  of  cases  the  mixed 
type  are  present.  In  these  cases  the  pneumatic 
cells  always  occupy  the  periphery. 

Mouret^,  in  his  classification,  speaks  of  the 
"sclerotic"  as  a  type,  although  he  suggests 
modifying  this  by  the  term  "compact."  A 
dense  mastoid  without  any  evidence  of  cellu- 
lar structure  is  not  an  anatomical  entity,but 
the  result  of  pathology,  and  can  be  readily 
recognized  by  the  roentgen  examination.  A 
clinical  history  of  previous  ear  infection  can 
always  be  obtained  in  these  cases. 

Cheatle^  in  the  examination  of  over  five 
hundred  specimens  of  the  temporal  bone 
found  ninety-six,  or  not  quite  20  per  cent  of 
the  bones  to  be  made  up  of  the  fine  diploic 
type  of  cells  to  which  he  gave  the  name  "in- 
fantile" because  of  the  extreme  thickness  of 
the  outer  wall  and  the  under-development  of 
cell  structure,  the  so-called  "fetal"  type 
which  persists  throughout  adult  life. 

Bigelow*  and  Gerber^  have  discussed  this 
type  comprehensively  from  a  radiographic 
standpoint. 

The  otologist  has  learned  from  experience 
that  when  a  small  infantile  mastoid  is  invol- 
ved, he  will  find  a  denser  outer  wall  and  a 
relatively  thin  inner  wall  at  operation.  Clini- 
cally several  possibilities  must  be  considered. 


The  condition  may  clear  up  spontaneously; 
it  may  travel  backwards,  breaking  through 
the  inner  wall  into  the  posterior  fossa  of  the 
skull ;  it  may  enter  the  labyrinth  causing  in- 
ternal ear  disturbance;  or  it  may  remain  in 
the  antrum  causing  destruction  of  the  lining 
membrane  and  ossicles,  resulting  in  chronic 
otitis  media  with  possible  formation  of  chol- 
esteatoma. 

Cholesteatomatus  formation  occurs  most 
frequently  in  the  region  of  the  antrum  and 
less  often  in  the  mastoid  process.  Ballance® 
states  that  it  may  extend  into  the  cranial 
cavity  or  internal  ear  in  rare  instances. 

In  acute  fulminating  mastoiditis,  cell  out- 
line is  lost  early  and  the  region  becomes  quite 
dense.  Later  on,  destruction  may  be  shown 
by  the  appearance  of  a  radiolucent  area  with 
loss  of  cell  outline,  but  this  occurs  after  the 
lymphatics  have  cleared  away  the  debris. 

In  the  uncomplicated  case,  after  the  acute 
symptoms  have  subsided,  and  the  reparative 
process  begins,  we  find  the  deposition  of 
lime  salts  in  the  region  formerly  occupied  by 
cell  structure,  the  radiograph  now  giving  the 
usual  picture  of  sclerosed  mastoid. 

When  infection  occurs  in  the  middle  ear 
there  is  always  an  outpouring  of  serum,  if 
not  an  extension  of  the  inflammatory  process 
into  the  mastoid  cells.  This  instead  of  giving 
normal  distinct  cell  outline  gives  a  diffuse 
clouding,  and  follows  the  infection  within  a 
few  hours,  but  may  clear  up  entirely  without 
causing  any  symptoms  referable  to  the  mas- 
toid. Lange^  speaks  of  this  type  as  a  first  de- 
gree mastoiditis. 

In  the  second  degree  mastoiditis,  the  cell 
outline  is  more  hazy  over  the  entire  distribu- 
tion and  there  is,  perhaps,  at  some  point  in 
the  posterior  superior  angle  of  the  temporal 
bone,  or  in  the  body  of  the  mastoid  process, 
an  area  in  which  the  cell  outline  is  lost  com- 
pletely, and  in  its  place  appears  a  white  blur. 
This  suggests  a  destruction  of  cell  outline 
due  either  to  infection  or  interference  in 
blood  supply.  It  is  not  until  the  lymphatics 
have  begun  to  clear  away  the  debris  that  we 
have  an  area  of  diminished  density  indicative 
of  a  process  of  at  least  some  days'  standing. 
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When  destruction  of  cell  outline  is  general, 
as  invariably  happens  once  a  mastoid  has  be- 
gun to  break  down,  the  process  is  said  to 
have  reached  the  stage  of  third  degree  mas- 
toiditis. 

At  any  time  during  the  second  or  third 
stage  of  destruction,  the  inner  cortex  may  be- 
come eroded  and  an  abscess  form  about  the 
lateral  sinus.  In  a  certain  percentage  of  cases 
this  condition  can  be  made  out  on  the  radio- 
graph as  loss  of  bone  structure. 

It  is  not  possible  to  make  out  subdural  ab- 
scess or  sinus  thrombosis  as  such,  although  it 
may  be  possible  to  make  out  the  presence  ol 
pathology  in  this  area  as  shown  by  the  de- 
struction of  more  dense  bony  structure. 

When  destruction  of  the  mastoid  cells  is 
complete  and  the  infection  has  subsided,  re- 
placement by  bone  begins.  The  new  tissue 
can  be  made  out  at  the  periphery  of  the  area 
of  destruction;  in  some  instances  it  can  be 
made  out  as  early  as  the  end  of  the  first 
month  and  may  not  be  complete  for  several 
months.  The  new  bone  is  denser  than  the 
surrounding  normal  bone  and  has  none  of 
its  finer  texture.  This  is  the  sclerosed  type 
of  mastoid. 

The  radiograph  is  of  its  greatest  value  in 
the  course  of  an  acute  otitis  media  develop- 
ing mastoid  symptoms,  where  the  otologist 
.  is  gathering  together  his  clinical  and  labora- 
tory findings  in  order  to  determine  the 
proper  procedure.  If  the  clinical  signs  are 
acute  and  unmistakable,  but  the  radiograph 
shows  no  destruction,  it  would  be  unwise  to 


wait  for  this  pathology  to  be  demonstrable, 
for  by  so  doing  serious  complications  may 
arise. 

CONCLUSIONS 

1.  The  best  detailed  plate  possible  should 
be  obtained  for  interpretation  of  mastoid 
pathology. 

2.  A  knowledge  of  the  variation  in  the 
anatomy  as  seen  radiographically  is  essential. 

3.  The  complete  clinical  history  and  physi- 
cal findings  should  be  known  before  an 
opinion  is  given. 

4.  An  acquaintance  with  the  possible 
course  in  infections  of  the  middle  ear  is  of 
great  aid  in  interpretation  of  mastoid  radio- 
graphs. 
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SUCCESSFUL  roentgenography  of  the 
^  accessory  sinuses  of  the  head  depends 
largely  upon  the  carefulness  with  which  the 
head  is  adjusted  and  the  tube  centered  so  that 
the  central  rays  go  through  the  head  at  the 
proper  place  and  at  the  proper  angle.  Every 
roentgenologist  who  is  at  all  careful  always 
uses  some  instrument  of  precision  in  order 
to  indicate  the  angle  of  divergence  from  the 
base  line  of  the  skull  along  which  he  projects 
the  central  rays.  The  straightening  up  of  the 
head  to  prevent  sidewise  rotation  is  usually 
done  by  guesswork.  Dr.  George  E.  Pf abler 
presented  an  instrument  to  accomplish  this 
purpose  at  one  of  the  midwinter  meetings 
of  Eastern  Roentgenologists.  The  descrip- 
tion of  this  instrument  was  published  in  Thtc 
American  Journal  of  Roentgenology 
for  April,  1917. 

The  author  has  devised  a  head-rest  which 
accomplishes  both  purposes  described ;  that 
is.  it  indicates  the  proper  angle  to  direct 
the  central  rays,  and  also  prevents  sidewise 
rotation  of  the  head.  If  the  head  is  rotated 
to  one  side,  the  shadow  of  the  petrous  por- 
tion of  the  temporal  bone  on  tlie  opposite 
side  is  projected  into  the  maxillary  sinus. 
Also,  the  rays  do  not  go  directly  through  the 
ethmoid  cells,  which  has  the  effect  of  widen- 
ing the  shadow  of  the  ethmoids  on  one  side 
and  narrowing  it  on  the  other.  If  the  side- 
wise  rotation  is  of  any  considerable  degree, 
the  entire  maxillary  sinus  will  be  blotted  out 
by  the  shadow  of  the  petrous  portion  of  the 
temporal  bone,  and  unless  the  observer  is 
quite  familiar  with  the  interpretation  of 
sinus  negatives,  he  may  think  that  this  is 


due  to  an  accumulation  of  pus  in  the  max- 
illary sinus.  It  is  not  unusual  to  have  a 
marked  lack  of  symmetry  in  the  two  sides  of 
the  head  and  face,  and  it  is  often  very  diffi- 
cult to  judge  whether  the  head  is  rotated 
sidewise  by  looking  at  it.  Further  difficulty 
is  encountered  in  women  with  long  and  fluffy 
hair  where  the  shape  of  the  head  cannot  be 
accurately  made  out. 

In  order  to  overcome  this,  we  have  devised 
the  head-rest  shown  in  the  illustration.  This 
consists  of  a  block  of  wood  such  as  is  very 
commonly  used  to  rest  the  head  on  in  making 
sinus  roentgenograms.  The  angle  of  the 
block  is  30  degrees  from  the  horizontal.  A 
scjuare  metallic  upright  projects  from  the 
face  of  the  block  near  the  upper  border.  The 
upright  is  accurately  placed  so  that  it  pro- 
jects at  right  angles  to  the  face  of  the  block. 
This  is  important,  since  if  it  is  not  so  placed, 
the  head-holder  which  slides  up  and  down  on 
this  upright  will  not  be  parallel  to  the  surface 
of  the  block. 

The  apparatus  to  level  and  to  hold  the 
head  consists  of  a  semicircular  bar  of  metal 
with  a  square  hole  through  the  middle  of  the 
semicircle  by  means  of  which  it  fits  on  the 
square  upright  and  allows  up  and  down  ad- 
justment. The  plane  of  the  semicircle  is  par- 
allel to  the  surface  of  the  block.  Projecting 
inward  through  round  holes  cut  in  each  free 
end  of  the  semicircle  are  two  rods  terminat- 
ing in  small  brass  balls.  These  rods  are  ad- 
justable and  can  be  fixed  by  thumbscrews. 
The  entire  semicircle  is  also  adjustable  on  the 
square  upright  and  can  be  fixed  by  a  thumb- 
screw. Lateral  rotation  of  the  semicircle  is  of 
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course  impossible,  as  the  square  hole  in  the 
semicircle  fits  accurately  over  the  square  up- 
right. 

The  method  of  operation  of  this  head-rest 
is  as  follows: 

The  apparatus  is  placed  on  a  table,  or  some 
other  level  surface,  and  the  patient  either  lies 
or  sits  with  the  forehead  against  the  surface 
of  the  block.  The  metallic  semicircle  is  ad- 
justed on  the  square  upright  until  the  rods 


Fig.   I.   Head-rest   for  radiography  of  the  accessory 
sinuses. 

with  the  brass  balls  come  opposite  .the  exter- 
nal auditory  meatus  'on  each  side.  The  rods 
are  then  adjusted  so  that  the  balls  are  placed 
in  the  external  auditory  meatus  on  each  side. 
The  thumbscrews  are  tightened  and  the 
head  held  accurately  in  this  position.  Since 
the  metallic  semicircle  is  parallel  to  the  sur- 
face of  the  plate,  which  in  turn  has  been 
placed  on  the  surface  of  the  wooden  block, 
the  distance  from  the  plate  to  the  brass  ball 
on  each  side  will  be  the  same.  As  the  brass 
ball  has  been  placed  in  the  external  auditory 
meatus,  therefore  the  distance  from  each  ex- 


ternal auditory  meatus  to  the  plate  will  be 
the  same,  and  if  this  condition  obtains,  the 
head  will  not  be  rotated  from  side  to  side. 

A  small  right-angled  triangle  of  celluloid  or 
aluminum  is  fastened  between  the  small  brass 
ball  and  the  rod  on  one  side  by  passing  the 
rod  through  a  hole  drilled  in  the  "right  angle 
of  the  triangle  so  that  the  triangle  is  perpen- 
dicular to  the  rod  and  the  measuring  angle 
points  downward.  This  triangle  is  used  to 
find  the  base  line  of  the  skull  and  indicate  the 
proper  angle  for  the  central  ray.  The  brass 
ball  being  in  the  external  auditory  meatus, 
the  rod  is  rotated  until  the  altitude  of  the 
metallic  angle  corresponds  to  the  base  line  of 
the  skull — that  is,  to  a  line  drawn  from  the 
external  auditory  meatus  to  the  glabella.  The 
hvpotenuse  of  the  triangle  then  indicates  the 
direction  of  the  central  ray.  In  practice,  I 
have  cut  this  metallic  triangle  at  30  degrees 
and  in  addition  to  this,  have  placed  a  strip  of 
adhesive  plaster  across  it  to  indicate  to  me 
also  an  angle  of  23  degrees,  and  in  using  the 
apparatus  I  make  one  exposure  at  each  angle. 
I  believe  this  procedure  has  been  of  certain 
advantage.  The  angle  desired  can,  of  course, 
be  marked  out  on  the  metallic  triangle  with- 
out interfering  with  the  accuracy  of  the  in- 
strument. 

Contrary  to  expectations,  the  use  of  the 
apparatus  has  not  occasioned  any  particular 
discomfort  to  patients.  It  is  not  difficult  to 
adjust  and  its  use  has  been  a  great  help  to  me. 
The  apparatus  would  be  improved  by  making 
a  tunnel  in  the  wooden  block  so  that  more 
than  one  exposure  could  be  made  without 
moving  the  patient's  head  and  thus  changing 
the  adjustment. 
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PNEUMOPERITONEUM  TECHNIQUE 

By  L.  R.  SANTE,  AI.D. 

Assistant  Professor  of  Radiology,  St.  Loviis  University  Medical  School; 
Radiologist  to  St.  Louis  City  Hospitals 

ST.   LOUIS,   MISSOURI 


TTARLY  in  our  experience  with  pneumo- 
■^^  peritoneum,  we  were  confronted  with 
the  problem  of  securing  a  technique  which, 
while  rapid,  would  still  be  sufficiently  thor- 
ough so  as  not  to  miss  any  important  patho- 
logical lesions.  One  of  the  greatest  draw- 
backs to  the  more  universal  use  of  pneumo- 
peritoneum is  the  great  number  of  positions 
in  which  the  patient  must  be  placed  in  order 


tients  in  the  dorsal,  standing,  both  lateral, 
knee  chest  and  Trendelenburg  positions. 
Early  in  191 9,  Drs.  Stewart  and  Stein  in 
their  initial  article*  outlined  in  great  detail 
five  positions  with  which  they  felt  a  thor- 
ough examination  of  all  intra-abdominal  or- 
gans could  be  made.  These  positions  are 
briefly: 

I.  Prone:  the  tube  above,  plate  beneath  ab- 


FiG.  I.  This  table,  mounted  upon  two  central  wheels, 
may  ])e  tilted  readily,  the  head  being  raised  or 
lowered  by  pressure  on  either  end.  Two  kidney 
elevators,  operating  independently,  extend  through 
the  table  top  and  permit  elevation  of  the  patient 
to  anv  desired  level. 


to  secure  a  view  of  all  the  intra-abdominal 
organs  from  all  aspects. 

In  the  earlier  German  articles  many  differ- 
ent positions  have  been  described.  Rauten- 
berg^  in  191 4  described  the  findings  in  the 
standing  and  left  lateral  positions,  and  in  a 
later  communication  of  the  same  year-  de- 
scribed the  appearance  in  the  dorsal  and 
Trendelenburg  positions. 

Goetze  ^  in  his  paper  on  pneumoperito- 
neum gives  a  summary  of  the  positions  pre- 
viously utilized  and  goes  into  considerable 
detail  as  to  the  positions  which  he  considers 
of   greatest   importance.    He   examines   pa- 


i- 


Fic.  2.  Elevators  in  position  supporting  patient  uji- 
der  chest  and  thighs,  taking  pressure  off  of  the 
abdomen  and  allowing  the  abdominal  wall  to  sag 
freely  forward,  permitting,  examination  in  the 
retroperitoneal  position. 

domen;   to   give  a   clear  view   of   the   dia- 
phragm, liver,  spleen,  gall-bladder. 

2.  Lateral  position,  with  the  patient  lying 
on  either  side  to  show  the  clear  outline  of  the 
kidneys  and  lateral  view  of  the  liver  and 
spleen. 

3.  A  similar  lateral  view  with  hips 
elevated,  the  patient  on  either  side,  tube  be- 
hind, plate  in  front ;  to  show  the  kidneys  and 
lateral  view  of  the  pelvic  organs.   (Fig.  4.) 

4.  An  anteroposterior  view  wath  one  end 
of  the  table  elevated,  patient  prone,  with  tube 
beneath  and  plate  above.  This  position  is  de- 
scribed as  the  best  for  the  demonstration  of 
the  pelvic  organs.   (Fig.  3.) 
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5.  The  dorsal  position,  the  patient  upon  his 
back,  plate  on  one  side  and  tube  upon  the 
other,  the  ray  being  directed  from  side  to 
side.  This  position  is  the  best  for  abdominal 
adhesions. 


Fig.  3.  By  inserting  a  pin,  these  ele\ators  may  be 
used  to  raise  the  entire  top  of  the  stretcher  at 
either  end  to  any  degree,  permitting  examination 
with  the  tube  beneath  the  table,  described  by  Drs. 
Stewart  and  Stein  as  best  for  pelvic  organs. 

Another  position  for  the  examination  of 
the  retroperitoneal  space  and  for  the  de- 
tection of  retroperitoneal  masses,  was  de- 
scribed recently  by  the  author.^  This  consists 
in  supporting  the  patient  in  a  prone  position 
( Fig.  2 ) ,  one  support  beneath  the  chest 
and  one  under  the  thighs,  allowing  the  ab- 
dominal wall  to  sag  freely  forward,  and  thus 
taking  all  pressure  off  the  intra-abdominal 
organs.  The  intestines  and  all  organs  with 
mesenteric  attachment  fall  downward,  leav- 
ing the  retroperitoneal  and  prevertebral 
space  clearly  visible. 

An  eft'ort  to  secure  the  man\'  positions 
necessary  for  pneumoperitoneum  is  evi- 
denced bv  the  ingenious  table  constructed  for 
that  purpose  and  described  by  Orndoft'.  This 
table  provides  for  the  tilting  of  the  patient  at 
various  angles,  and  the  simultaneous  move- 
ment of  the  tube  and  screen  so  as  to  examine 
the  patient  from  all  viewpoints.  Its  very 
elaborateness  and  expense  are  tlie  chief 
points  against  its  general  adoption. 

The  table  which  we  have  adopted  for  this 


purpose  (Fig.  i),  and  which  while  very 
simple  and  inexpensive  has  been  very  satis- 
factory, can  be  briefly  described  as  an  ordi- 
nary hospital  stretcher  mounted  upon  two 
central  wheels,  having  a  shorter  support  at 
either  end,  which  allows  about  eight  inches' 
tilt  at  the  head  or  foot.  Thus  by  mere  pres- 
sure on  either  end  of  the  cart  the  head  of  the 
patient  may  be  either  raised  or  lowered.  To 
this  we  have  added  two  ordinary  kidney  ele- 
vators of  the  type  commonly  found  on  op- 
erating tables,  the  elevating  tracks  of  which 
extend  through  holes  in  the  top  of  the 
stretcher  and  permit  elevation  of  the  patient 
to  any  degree  necessary ;  one  support  raising 
the  chest,  the  other  the  thighs  of  the  patient, 
allowing  the  abdomen  to  hang  freely  and  per- 
mitting examination  in  the  retroperitoneal 
position.  (Fig.  2.) 

By  inserting  a  pin  these  elevators  may  be 
used  to  raise  the  entire  top  of  the  stretcher  at 
either  end  to  any  degree — permitting  exam- 
ination with  the  tube  beneath  the  table,  de- 
scribed by  Drs.  Stewart  and  Stein  as  best  for 
pelvic  organs.    (Fig.  3.) 

The  other  positions  are  c[uite  obvious.  The 
patient  may  be  inflated  while  on  his  back 


Fig.  4.  A  lateral  \iew  with  hips  elevated,  the  patient 
on  either  side,  tulie  behind,  plate  in  front;  to  show 
the    kidneys    and    lateral    view    of    pelvic    organs 

(.Stewart  and  Stein). 

with  his  head  sufficiently  lowered  by  pressure 
on  the  upper  end  of  the  cart.  He  can  be  inflat- 
ed while  under  the  fluoroscope  by  rolling  the 
stretcher  before  the  ordinarv  vertical  fluoro- 
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scope.  The  dorsal  and  right  and  left  lateral 
positions  are  secured  by  having  the  oatient 
roll  first  on  one  side  then  on  the  other  before 
the  vertical  fluoroscope.  The  entire  top  of  the 
stretcher  is  not  attached  in  any  way  and  can 
be   transferred  bv  two  assistants   with   the 


Fig.  5.  The  entire  top  of  the  stretcher  is  not  at- 
tached in  any  way  and  can  l>e  transferred  by  two 
assistants,  with  the  patient  in  place,  to  the  hori- 
zontal fluoroscope. 

patient  in  place  to  the  horizontal  fluoroscope. 
(Fig.  5-) 


It  will  be  seen  then  that  this  stretcher, 
though  simple  of  construction,  will  permit 
fluoroscopic  or  radiographic  examination  in 
all  of  the  pneumoperitoneal  positions  so  far 
described.  The  stretcher  is  not  bulky  or  in- 
convenient, and  when  not  in  use  for  this  pur- 
pose can  be  used  for  an  ordinary  stretcher  or 
exposure  table.  A  stretcher  of  essentially  this 
same  construction  has  been  used  by  us  for 
pneumoperitoneal  examinations  for  the  past 
year  with  complete  satisfaction. 
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THE  USE  OF  RADIUM  IN  THE  TREATMENT  OF 

MYXOMATOUS  NASAL  POLYPS 

PRELIMINARY  REPORT 

By  H.  R.  LYONS,  M.D. 
Section  on  Oto-Laryngology  and  Rhinologj-.  Mayo   Clinic 

ROCHESTER,    MINNESOTA 


MY  regret  to  find  that  the  rapidl}'  recur- 
ring type  of  myxomatous  nasal  pol}p 
does  not  always  respond  to  medical  treatment 
or  surgical  measures,  led  me  about  two  years 
ago  to  use  radium  postoperativeh'. 

Notwithstanding  personal  advice  and  lit- 
erature on  the  subject  to  the  contrary,  nasal 
polyps  frequently  recur  very  soon  after  their 
removal  surgically.  The  records  in  our  de- 
partment show  that  innumerable  cases  of 
nasal  polyp  have  not  responded  favorably 
to  surgical  measures  even  in  the  hands  of 
competent  rhinologists.  One  reason  that  the 
operative  results  are  not  always  satisfactory 
is  that  the  polyp  has  not  a  definite  pedicle 
attached  to  the  mucous  membrane  of  a  turb- 
inate or  a  sinus.  Removal  of  this  tumor  and 
its  pedicle  and  the  nearby  tissue  or  cells  does 
not  eliminate  the  condition,  because  the 
adjacent  tissue  is  also  undergoing  a  myxo- 
matous change,  which  will  soon  appear  in  the 
form  of  a  polyp.  The  changed  area  of 
mucous  membrane  around  the  polyp  may 
extend  a  considerable  distance  away  from 
the  pedicle.  It  seems,  clinically,  that  surgery 
in  some  instances  stimulates  the  formation 
of  polyps  in  this  adjacent  tissue. 

The  polyp  which  recurs  after  the  removal 
of  a  myxomatous  tumor  which  is  attached 
either  to  a  turbinate  or  involves  the  ethmoid 
cells  is  also  of  a  myxomatous  type  and  fre- 
quently is  a  larger  growth  than  before  the 
operation. 

THE  ACTION   OF  RADIUM 

It  is  well  known  that  radium  stimulates 
the  production  of  fibrous  tissue,  and  this 
action  is  utilized  in  the  treatment  of  myxom- 
atous   polyps.    After    one,    two,    or    three 


treatments  by  radium,  the  primary  myxoma 
recurs  as  a  fibromyxoma  or  a  fibro-adeno- 
myxoma.  This  type  of  polyp  is  very  much 
more  satisfactory  to  deal  with  than  is  the 
myxomatous  type. 

It  must  be  emphasized,  first,  that  radium 
inserted,  for  example,  into  a  large  solitary 
nasal  myxoma  will  not  cause  such  a  tumor 
to  disappear,  nor  will  it  change  the  type  of 
the  tumor;  second,  radium  postoperatively 
does  not  prevent  the  recurrence  of  a  polvp ; 
and  third,  the  use  of  radium  in  treating 
myxomatous  polyps  associated  with  a  local 
suppurative  process  does  not  cure  the  latter. 

APPLICATION 

A  hypothetic  case  illustrating  the  treat- 
ment by  and  action  of  radium  on  myxoma- 
tous nasal  polyps  is  as  follows:  A  patient 
presents  himself  because  of  constant  nasal 
obstruction.  He  gives  a  history  of  having 
consulted  a  rhinologist  four  years  before, 
who  operated  on  his  nose,  removing  large 
masses  of  jelly-like  polyps.  He  was  greatly 
relieved  for  a  short  time,  but  the  obstruction 
returned  and  operation  for  large  masses  of 
polyps  was  again  necessary  six  months  after 
the  diagnosis  was  first  made.  He  has  had  a 
total  of  seven  operations  for  nasal  polyps. 

Examination  reveals  a  large  mass  of 
multiple  polyps  in  the  right  middle  meatus. 
The  polyps  are  jelly-like  and  very  soft;  they 
appear  "water-logged."  A  specimen  is  sent 
to  the  pathologist,  who  reports  myxomatous 
polyp  tissue.  The  patient  is  advised  that  one 
or  more  operations  are  necessary,  and  that 
radium  treatments  w^ill  be  used. 

A   radical  operation   for  the  removal  of 
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the  polyps  is  performed  and  all  the  polyps 
are  removed  with  a  considerable  amount  of 
the  adjacent  tissue  which  is  not  frankly 
myxomatous,  but  which,  as  experience  has 
taught,  rapidly  recurs  as  such.  As  soon  as  the 
reaction  diminishes,  from  three  to  six  days 
postoperatively,  radium  treatment  is  given 
and  the  patient  is  kept  under  observation. 
Soon  some  A'ery  pale  tissue  in  the  middle 
meatus,  not  cjuite  healthy  in  appearance,  is 
noted.  \\'ithin  the  next  week  or  two  this 
tissue  becomes  frankly  polypous.  Local 
treatment  is  continued.  In  case  ot  recurrence 
in  the  remaining  tissue  a  section  is  sent  to 
the  pathologist  who  reports  fibromyxoma- 
tous  tissue.  A  second  operation,  not  so  ex- 
tensive as  the  first,  is  performed.  The  fibro- 
mvxomatous  tumor  which  resembles  a  fib- 
roma malle  is  removed  surgically  much  more 
satisfact(^rily  than  the  primary  tumor.  If  the 
recurrence  is  extensive  the  second  operation 
is  followed  in  from  three  to  six  days  by  a 
second  radium  treatment ;  a  third  treatment 
is  rarelv  found  to  be  necessary.  P 

DOSAGE 

In  my  early  cases  I  used  a  25  mg.  tube  of 
radium,  screened  with  a  silver  tube  covered 
by  a  sterile  rubber  finger  cot  for  one  hour. 


Experience  gradually  eliminated  my  fear  of 
a  burn  and  indicated  that  larger  doses  were 
necessary.  I  now  use  a  50  mg.  tube  for  two 
hours.  Subsequent  treatments  are  given  with 
an  interval  of  one  week.  The  radium  tube  is 
put  in  the  region  of  the  myxomatous  tissue 
and  made  secure  b}-  packing  with  sterile 
vaseline  gauze.  The  string  tied  to  the  radium 
tube  is  attached  to  the  cheek  by  a  piece  of 
adhesive  tape.  After  two  hours  the  pack 
and  radium  are  removed.  The  reaction  re- 
sulting from  this  treatment  is  not  apparent 
for  fort}-eight  hours  or  more.  In  fourteen 
cases  treated  with  25  mg.  or  50  mg.  for  two 
hours  no  burns  occurred. 

Conclusions  regarding  postoperative  ra- 
dium treatment  await  the  test  of  more  time 
and  more  experience.  I  believe,  however, 
that  in  the  stubborn  cases  of  myxomatous 
nasal  polyps,  especially  those  recurring  after 
operative  measures,  the  treatment  will  result 
in  a  change  from  a  myxomatous  type  to  a 
fibromyxomatous  t}-pe  in  which  operation 
may  be  more  successfully  performed.  Also 
the  polyps  recur  less  rapidly  with  radium 
treatment  and  thus  the  interval  of  relief  is 
lengthened. 

The  detailed  report  of  fourteen  cases 
treated  postoperatively  since  November  i, 
iqi8,  will  be  submitted  later. 


WASHINGTON 


Washington,  the  capital  city  of  the  great- 
est repubHc  in  the  world,  is  universall\-  con- 
ceded to  be  truly  the  "City  Beautiful."  It 
stands  alone,  not 
only  among  Ameri- 
can cities  but  among 
the  capitals  of  the 
world,  in  the  noble 
simplicity  of  its  or- 
iginal design,  its 
spaciousness,  its 
rapid  and  orderly 
growth,  and  its 
combination  of  nat- 
ural and  architec- 
tural beauty,  en- 
hanced by  the  high- 
est perfection  of 
landscape  garden- 
ing. 

The  city  has  more 
than  six  thousand 
acres  of  public 
parks  and  reserva- 
tions. Along  its 
hundreds  of  miles 
of  streets,  ranging 
in  width  from  80 
to  120  feet,  over 
105,000  shade  trees 
have  been  planted,  a 
large  proportion  of 
which  are  in  their 
full  growth  and 
luxuriance. 

Washington  prob- 
ably has  a  greater 
variety  of  trees, 
both  indigenous  and 
foreign,  than  an}- 
other  city  in  the 
world,  but  only  sev- 
en species  are  now 

used.  The  American  elm,  the  linden,  the 
sycamore,  the  red  and  pin  oak,  the  sugar 
maple  and  the  ginkgo — the  first  three  on  the 


streets  and  tlic  ginkgo  in  the  narrow  streets. 
These  are  all  grown  from  seeds  from  the  old 
trees,  sown  in  greenhouses,  and  when  the)' 

have  reached  the 
height  of  18  to  24 
inches  they  are  set 
out  in  rows  in  the 
government  nurser- 
ies and  later  trans- 
planted. 

The  City  of 
Washington  and  the 
District  of  Colum- 
bia are  co-extensive 
and  comprise  an 
area  of  69,245 
square  miles.  The 
population  is  rap- 
idly nearing  the 
half-million  mark. 

On  September 
9th,  1791,  three 
commissioners  ap- 
pointed by  Presi- 
dent George  Wash- 
ington decided  that 
what  is  now  Wash- 
ington, D.C.,  should 
be  named  "City  of 
Washington  in  the 
Territory  of  Co- 
lumbia ;"  also  that 
"the  streets  be 
named  alphabetical- 
ly one  way  and  nu- 
merically the  other, 
the  former  to  be  di- 
vided into  north  and 
south,  and  the  latter 
into  east  and  west 
numbered  from  the 
Capitol." 

A  thousand  tour- 
ists enter  the  city  every  day.  No  one  can  fail 
to  be  impressed  by  the  great  portal  of  the 
city,  the  solid  granite  Union  Railway  Sta- 


Washington  Monument 


wide  avenues,  the  oaks  and  maples  in  manv     tion,  with  its  vast  passenger  concourse,  760 
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feet  long,  the  largest  room  in  the  world 
under  one  roof.  Trains  from  North  and 
East,  from  South  and  West,  all  enter  this 
station,  the  latter  through  twin  tunnels 
which  pierce  Capitol  Hill  many  feet  below 
the  surface  of  the  street.  Should  it  be  the 
traveler's  good  fortune  to  arrive  while  it  is 
still  day  he  will  note  the  magnificent  dome 
of  the  Capitol  immediately  ahead,  and  to  the 


north  for  more  than  two  miles,  among  which 
may  be  noted  the  official  homes  of  the  repre- 
sentatives of  Great  Britain,  Italy,  Argentina, 
Cuba,  Paraguay,  Siam  and  many  other 
nations. 

The  city  occupies  a  rather  unique  position 
in  that  it  does  not  encourage  industrial  pur- 
suits. As  the  capital  of  our  nation  it  has  ever 
been    considered   the   central   arena   of   the 


The  Capilol  seen  through  the  trees. 


left  the  gilded  crest  of  the  Library  of  Con- 
gress beckoning  a  silent  welcome,  while 
immediately  to  the  right  and  connected  with 
Union  Station  is  the  City  Post  Office. 

In  the  distance,  towering  against  the  sky, 
rises  the  Washington  National  Monument,  a 
white  marble  shaft  555  feet  5^  inches  in 
height,  which  greets  the  visitor  from  many 
different  points.  An  ascent  to  the  top  will 
repay  one  with  a  most  entrancing  panorama 
of  the  city,  the  Potomac  River,  and  even 
manv  distant  places  of  interest  in  the  States 
of  Maryland  and  Virginia. 

Washington  is  naturally  the  home  of  num- 
erous embassies  and  legations.  The  White 
House,  facing  Jackson  Square  at  the  foot  of 
Sixteenth  Street — which  is  generally  spoken 
of  as  the  Avenue  of  the  Presidents — marks 
the  beginning  of  imposing  edifices  extending 


United  States  governmental  machinery  from 
which  the  Federal  workshops  of  the  various 
departments  direct  the  activities  of  the  na- 
tion. It  was,  therefore,  quite  fitting  that  fac- 
tories and  other  unnecessary  enterprises  be 
restrained.  The  Engineer  Commissioner  of 
the  District  of  Columbia,  an  officer  of  the 
War  Department,  appointed  by  the  Presi- 
dent of  the  United  States,  constantly  guards 
the  capital  against  architectural  A^andalism 
and  industrial  sabotage.  It  was  never  intend- 
ed by  its  founders  to  be  a  populous  city.  It 
was  to  be  essentially  a  political  city — a  city 
of  government,  with  the  government  idea 
dominating  and  pervading  everything.  Its 
unique  and  single  mission  was  to  be  pre- 
served through  the  centuries,  absorbing  all 
splendors  and  all  renown  to  the  glory  of  the 
government. 
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Thus  it  was  to  be  preeminently  the  people's 
city — with  every  citizen  holding  the  loyal 
and  tender  tie  of  part  ownership  in  all  that 
made  it  great — in  stately  buildings,  and  in 
fair  repute,  and  sharing  with  every  other 
citizen  his  pride  in  the  capital  of  our  com- 
mon country. 

As    an    educational    center    Washington 


L>f  the  Army  iMedical  Museum,  contains  the 
largest  and  most  complete  collection  of  medi- 
cal books  in  the  world,  and  its  Incunabula 
are  second  only  to  those  of  the  British  Mu- 
seum in  London.  Among  other  libraries 
available  for  reference  are  the  Congressional 
Library,  the  Carnegie  Library,  the  Library 
of    the    Smithsonian    Institute,    and    many 


The   White   House. 


ranks  second  to  none.  Among  prominent  in- 
stitutions of  learning  are  included  George 
Washington  University,  Georgetown  Uni- 
versity and  Howard  LTniversity.  Another, 
most  interesting,  is  Columbia  Institute  for 
the  Deaf,  also  known  as  Kendall  Green,  be- 
cause in  1856  Amos  Kendall  gave  his  home 
to  educate  the  deaf  people  of  Washington. 
To-day  it  contains  153  acres,  twenty-eight  in 
beautiful  green  lawns  with  fine  shade  trees, 
thirty-five  in  farmland  and  forty  in  wood- 
land, together  with  a  large  athletic  field. 

The  student  here  finds  ample  opportunity 
to  pursue  his  studies  under  excellent  condi- 
tions, for  the  best  libraries  of  the  world  are 
found  in  the  nation's  capital.  The  Library  of 
the  Surgeon-General's  Office  in  the  building 


others  connected  with  the  various   depart- 
ments of  the  United  States  Government. 

In  the  arrangement  of  charitable  organiza- 
tions and  well  equipped  hospitals  the  capital 
has  just  reason  to  be  proud.  That  ample  pro- 
vision for  the  indigent  sick  has  been  antici- 
pated is  evidenced  by  the  splendid  buildings, 
grounds  and  equipment  of  the  Washington 
Asylum  Hospital,  the  Children's  Hospital, 
and  the  gigantic  Hospital  for  the  Insane.  St. 
Elizabeth's,  just  across  the  eastern  branch 
of  the  Potomac.  Many  smaller  hospitals 
abound,  all  adding  to  the  general  scheme  for 
efficiency  and  beauty,  and  at  the  terminus  of 
Sixteenth  Street  the  Walter  Reed  Hospital 
is  most  suitably  located  near  the  woods  and 
streams  of  Rock  Creek  Park. 
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And  here  we  find  the  Home  of  the  ]\Iedical 
Society  of  the  District  of  Cokimbia.  of  which 
the  local  physicians  are  justly  proud,  many 
modern  high  school  buildings,  the  imposing 


ground  floor.  The  great  assembly  hall  is  un- 
doubtedly the  most  spacious  ever  offered 
(6,500  square  feet)  and  immediately  adjoin- 
ing  will   be   the   registration  booths,    while 


Mount  \'ernon. 


municipal  building,  public  fountains,  private 
and  municipal  swimming  pools  and  a  mag- 
nificent bathing  beach,  and  many  other  points 
of  interest  worthy  of  comment  and  praise 
did  time  and  space  permit  their  connotation. 
Washington  hostelries  have  long  been 
noted  for  excellence  of  service.  Among  the 
oldest  and  perhaps  the  largest  are  the  Ral- 
eigh, the  New  Willard,  the  Shoreham,  and 
the  New  Ebbitt,  all  centrally  located,  and 
many  others  readily  accessible.  The  site  of 
the  Raleigh  was  formerly  occupied  by  the 
Kirkwood  Hotel  where  Vice-President  John- 
son was  living  at  the  time  Lincoln  was  assas- 
sinated in  the  Ford  Theater  and  Seward  was 
stabbed  at  his  home  where  the  Belasco 
Theater  now  stands,  and  an  attempt  was 
made  the  same  night  to  assassinate  \'ice- 
President  Johnson.  The  newest  and  probably 
the  most  modern  is  the  Washington  Hotel, 
situated  on  Pennsylvania  Avenue,  opposite 
the  Treasury,  where  arrangements  have  been 
perfected  for  the  meeting  of  the  American 
Roentgfen   Rav   Societv   to   be  held   on   the 


across  the  hall  are  the  grill  and  buffet,  where 
the  commercial  exhibits  will  be  held.  Special 
rates  have  been  secured  for  members  and 
friends  of  the  Society. 

Among  places  to  be  visited  by  those  inter- 
ested in  radium  is  the  National  Bureau  of 
Standards,  the  official  home  for  the  stand- 
ardization of  weights  and  measures.  Here 
radium  is  weighed  and  tested  before  it  is  fi- 
nally distributed.  The  buildings  and  grounds 
are  situated  like  a  "city  built  upon  a  hill," 
sufficiently  removed  from  human  habitation 
to  escape  extraneous  influences  that  might 
deflect  the  most  sensitive  measuring  devices. 

Potomac  Drive  Way,  sometimes  erron- 
eously designated  the  "speedway,"  is  built 
upon  land  reclaimed  along  the  banks  of  the 
Potomac.  Here,  in  addition  to  walks,  flower 
gardens,  golf  links,  tennis  and  polo  grounds, 
are  the  municipal  vegetable  gardens,  ar- 
ranged and  neatly  plotted,  free  to  all. 

Many  visitors  are  not  aware  that,  east  of 
the  Mississippi  River,  the  great  falls  of  the 
Potomac  are  second  only  to  Niagara.  Great 
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Falls  is  situated  fifteen  miles  north  of  Wash- 
ington, and  is  reached  by  motor  or  electric 
railway.  A  magnificent  series  of  cascading 
avalanches  forms  a  drop  of  80  feet  within  a 
distance  of  a  few  hundred  yards,  carrying 
over  its  final  precipice  a  tremendous  volume 
of  water. 

Sixteen  miles  below  Washington,  most 
picturesquely  situated  on  the  right  bank  of 
the  Potomac,  is  J\Iount  Vernon,  the  home  of 
George  Washington.  Here  the  First  Ameri- 
can sleeps  in  his  hallowed  tomb  and  pilgrims 
gather  from  every  nation  and  pay  tribute  to 
his  memory  in  words  or  deeds  or  flowers. 
The  approach  by  the  river,  made  possible 
through  a  well  arranged  steamship  line  with 
regular  schedule  of  trips,  lends  enchantment 
to  the  view,  emphasizing  the  dignity  of  the 
mansion  with  its  spacious  trees  and  grounds 
125  feet  above  the  landing  wharf.  ]\Iany 
priceless  relics  associated  with  Washington 
during  his  life  may  be  viewed  there. 


Martha  Washington's  garden,  just  back 
of  the  mansion,  with  its  quaint  boxwood 
hedges  set  out  more  than  a  century  and  a 
half  ago,  is  still  intact.  Some  of  the  plants 
have  lived  until  now,  and  there  remains  to 
this  day  a  beautiful  rose  bush,  blossoming 
everv  vear,  which  was  planted  by  Mrs. 
\\'ashington,  and  named  the  3*Iary  Washing- 
ton Rose  by  George  Washington  himself,  in 
honor  of  his  mother.  There  is  perhaps  no 
more  delightful  recreation  or  more  instruct- 
ive relaxation  than  an  outing  down  the  river 
crowned  by  a  visit  to  the  home  of  the  Father 
of  our  Country.  Those  who  prefer  to  make 
the  trip  via  the  all-rail  route  of  the  electric 
trains  mav  avail  themselves  of  stop-over 
privileges  at  Alexandria,  eight  miles  from 
Washington,  and  visit  Carlyle  House  and 
other  places  of  interest,  all  open  to  visitors. 
The  round  trip  by  this  line  may  be  made  in 
three  hours,  allowing  one  hour  and  twenty 
minutes  on  the  Mount  Vernon  grounds. 
Charles  A.  Pfender. 
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TWENTY-SECOND  ANNUAL  MEETING  THE  AMERICAN  ROENTGEN  RAY  SOCIETY 

WASHINGTON,  D.C.,  SEPTEMBER  27,  28,  29,  30,   I92I 

Headquarters,  Meetings  and  Exhibits:  Hotel  Washington.  Hotels:  Hotel  Washington  and  The  ?<iew  Ebbitt. 


TWENTY-SECOND  ANNUAL  MEETING       U.S.A.,  Army  Medical,  5th  and  D  Streets, 


OF  THE  AMERICAN  ROENTGEN  RAY 
SOCIETY,  SEPTEMBER  27,28,29,30,  1921 

Published  herewith  is  a  provisional  and 
still  incomplete  program  of  the  Annual 
Meeting. 

As  previously  announced,  the  lirst  day  of 
the  meeting  will  be  given  entirely  to  papers 
on  therapy  with  the  exception  of  a  short  ex- 
ecutive session  in  the  forenoon. 

Members  whose  names  are  not  on  the 
provisional  program,  and  who  have  papers 
that  they  wish  to  present  at  this  meeting  will 
please  communicate  wnth  the  President  at  an 
early  date,  sending  the  subject  and  a  short 
abstract  of  the  paper.  There  is  still  room  on 
the  program  for  papers  of  importance. 

Executive  Sessions. — It  is  especially  im- 
portant to  have  a  large  attendance  of  mem- 
bers of  the  Society  at  the  Executive  Session 
to  be  held  on  Wednesday  afternoon.  Septem- 
ber 28.  blatters  of  vital  importance  to  the 
Society  will  be  considered. 

Lantern  Slide  Exliihit. — Space  has  been 
reserved  and  racks  will  be  provided  for  r 
large  plate  exhibit,  it  is  hoped  that  members 
will  give  special  attention  to  this.  The  educar 
tional  value  of  a  good  plate  exhibit,  especial- 
ly to  younger  roentgenologists,  can  hardly  be 
overestimated.  Photographs,  photo-micro- 
graphs, and  statistical  charts  illustrating  the 
results  of  roentgen  and  radium  treatment 
will  add  to  the  value  of  the  exhibit. 

Plates,  films,  and  other  material  for  the 
exhibit  should  be  securely  packed  and 
shipped  to   Major  H.   C.    Pillsbury,   ^I.C. 


Washington,  D.  C,  to  arrive  not  later  than 
September  10. 

Local  Entertainment. —  Dr.  Charles  A. 
P fender  is  Chairman  of  the  local  committee 
which  \\'\\\  provide  entertainement  for  the 
ladies  and  other  guests  of  the  Society.  Ade- 
quate plans  are  being  made  for  the  comfort 
and  enjoyment  of  all  who  attend  the  meeting. 

Annual  Banquet. — The  annual  banquet 
will  be  held  on  the  evening  of  Thursday, 
September  29.  It  is  planned  to  make  the  ban- 
quet of  quite  unusual  interest  this  year. 

Provisional  Program 

Cancer  of  the  Uterus.  Henry  Schmitz, 
M.D.,  Chicago. 

Treatment  of  Cancer  of  the  Cervix.  E.  A. 
^lerritt,  M.D.,  Washington. 

Treatment  of  Brain  Tumors  by  Radiation. 
Henry  K.  Pancoast,  M.D.,  Philadelphia. 

Progress  of  Deep  Roentgen  Therapy. 
(The  Caldwell  Lecture.)  Dr.  Rene  Ledoux- 
Lebard,  Paris,  France. 

Symposium  on  Therapy  of  the 
Thyroid  Gland 

Radiotherapeutics  of  Hyperthyroidism. 
George  W.  Holmes,  M.D.,  Boston. 

Radiotherapy  of  the  thyroid.  A.  F.  Tyler, 
M.D.,  Omaha. 

Treatment  of  Carcinoma  of  the  Thyroid 
by  Radiation.  G.  E.  Pfahler.  M.D.,  Phila- 
delphia. 
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The  Roentgen  Ray  in  Dermatology. 
George  W.  MacKee,  AI.D.,  New  York  City, 
and  Henry  H.  Hazen,  M.D.,  Washington. 
(Dr.  MacKee  will  discuss  the  importance  of 
roentgenology  in  dermatology,  the  dermat- 
ologist and  the  radiologist,  fractional  versus 
intensive  treatment,  filtered  versus  unfiltered 
radiation,  idiosyncrasy,  medico-legal  aspects. 
Dr.  Hazen  will  cover  the  treatment  of  var- 
ious skin  diseases  by  radiation.) 

The  Present  Status  of  Deep  Roentgen 
Therapy  in  Europe,  from  a  clinical  stand- 
point. W.  H.  Stewart,  M.D..  New  York 
City. 

Therapy  of  Superficial  Grozvths.  Charles 
F.  Bo  wen,  AI.D.,  Columbus,  Ohio. 

Estimation  of  the  Skin  Dosage  in  Diag- 
nostic X-Ray  Work.  Arthur  W.  Erskine, 
M.D.,  Cedar  Rapids,  Iowa. 

The  lontoquantimeter  in  Measuring  Dos- 
age for  Deep  Therapy.  Reginald  Morton, 
M.D.,  London,  England. 

Nezv  Technique  for  the  Vertical  E.vaniina- 
tion  of  the  Sphenoid  witJi  Demonstration  of 
the  Film  Holder.  George  E.  Pfahler,  ?^r.D., 
Philadelphia. 

Tlie  Sterco-Fluoroscope.  James  D.  Alor- 
gan.  M.D..  JMontreal.  (Dr.  Morgan's  stereo- 
fluoroscope  will  be  demonstrated  under  ac- 
tual working  conditions.) 

Papers  or  addresses  will  be  given  ljy  W. 
D.  Coolidge  and  J.  S.  Shearer  on  subjects 
not  yet  announced. 

Pericardial  Adhesions.  Edwin  C.  Ernst, 
M.D.,  St.  Louis. 

Paget' s  Disease:  Roentgen  Studies  Relat- 
ing to  its  Etiology  and  Differential  Diag- 
nosis. Leon  T.  LeW'ald,  M.D..  New  ^'ork 
City. 

Symposium  on  Education  in  Roentgenolog}' 

Undergraduate  Education.  F.  H.  Baetjer, 
M.D.,  Baltimore,  and  H.  K.  Pancoast,  M.D., 
Philadelphia. 

Graduate  Education.  George  W.  Holmes. 
M.D.,  Boston,  L.  Jaches.  ^LD..  New  York 
City,  and  J.  S.  Shearer,  Ithaca,  N.  Y. 

Gastro-enterostomy ,  Bad  After-Effects. 
A.  LI.  Pirie,  IM.D.,  Montreal. 


The  Present  Status  of  Pneumoperitoneum 
as  a  Diagnostic  Aid.  James  T.  Case,  M.D., 
Battle  Creek,  Mich. 

The  Diagnosis  and  Removal  of  Foreign 
Bodies  from  BroncJius  and  Esophagus. 
Charles  F.  Bowen,  M.D.,  Columbus,  Ohio. 

Pulmonary  Tuberculosis.  L.  Jaches,  M.D., 
New  York  City,  and  H.  Wessler,  M.D., 
New  York  City. 

Benign  and  Malignant  Ulcers  from  the 
Roentgenologic  Viezvpoint.  Russell  D.  Car- 
man, M.D.,  Rochester,  Minn. 

Calcification  in  the  Meninges  of  the  Brain. 
H.  M.  Imboden,  M.D.,  New  York  City. 

Dental  Radiography  in  tJie  Light  of  Clin- 
ical and  Pathological  Findings.  Allan  Scott 
\\'olfe,  D.D.S.,  Washington. 

Diagnosis  of  Internal  Derangements  of 
the  Knee  Joint.  Arial  W.  (ieorge,  M.D., 
Boston. 

(Subject  not  yet  received.)  Willis  F. 
IManges,  M.D.,  Philadelphia. 

X-Ray  Treatment  of  Diphtheria  Carriers. 
P.  :M.  Hickey,  M.D..  Detroit. 

Demonstration  of  Simplified  A'-Ray  Unit 
for  Treatment  of  Tonsils  and  Adenoids, 
Exophthalmic  Goiter.  Tubercular  Glands  of 
the  Neck,  and  Enlarged  Prostate.  W.  D. 
Witherbee,  M.D..  New  York  City. 

(Subject  not  yet  received.)  J.  W.  Pierson, 
M.D.,  Baltimore. 

(Subject  not  yet  received.)  W^alter  Mills, 
M.D.,  St.  Louis. 


Hotel  accommodations  for  meml)ers  and 
guests  may  be  arranged  at  the  Washington 
Hotel  and  The  New  Ebbitt.  In  making  res- 
ervations state  that  you  are  attending  the 
meeting  of  The  American  Roentgen  Ray 
Society.  Mr.  A.  Gumpert,  Manager  of  The 
New  Ebbitt,  has  agreed  to  see  that  all  those 
attending  the  Convention  are  taken  care  of. 
Therefore  anybody  not  getting  what  he 
wants  should  communicate  direct  with  him. 
It  is  especially  recommended  that  hotel  res- 
ervations be  made  as  early  as  possible. 
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A  NOTE  ON  THE  BUCKY-POTTER 
DIAPHRAM 

At  the  annual  meeting  at  Alinneapolis 
last  September  ]\Ir.  Wilsey  read  a  paper  on 
scattered  radiation  and  described  the  method 
he  used  for  measuring  the  relative  amounts 
of  scattered  and  direct  radiation  responsible 
for  the  formation  of  the  photographic 
image,  it  will  be  recalled  that  in  the  average 
negative  of  a  thick  part  covering  a  fairly 
wide  area  (for  example,  a  twenty  inch 
circle)  the  image- forming  rays  are  only 
17  per  cent  of  the  total  radiation  making 
the  picture.  The  other  83  per  cent  is  scat- 
tered radiation. 

It  is  to  be  regretted  that  the  impression 
has  been  somewhat  general,  since  the  intro- 
duction of  the  Bucky  diaphragm,  that  this 
apparatus  marks  the  beginning  of  a  millen- 
nium in  the  making  of  .r-ray  negatives,  ab- 
solutely cutting  out  scattered  radiation, 
whereas  its  function  at  best  is  but  to  re- 
duce the  volume  of  scattered  radiation,  hence 
causing  the  image-forming  radiation  to  be- 
come more  effective.  The  average  type  of 
Bucky  diaphragm  that  has  been  introduced 
will  change  the  ratio  of  scattered  to  image- 
forming  radiation  from  about  83  and  17  to 
about  50  and  50.  or  possibly  65  and  35.  or 
something  of  that  order.  Of  course  this 
means  an  increase  in  the  time  of  exposure. 

Mr.  Wilsey' s  paper  gives  a  method  which 
may  be  readily  used  for  measuring  the  rel- 
ative amounts  of  scattered  and  direct  radia- 
tion striking  the  plate,  and  it  will  be  a  simple 
matter  for  anyone  interested  to  make  a 
qualitative  test  without  any  additional  appar- 
atus other  than  a  small  lead  cylinder.  It  is 
this  ratio  which  determines  the  effectiveness 
of  any  Bucky  diaphragm,  for  the  greater  the 
amount  of  scattered  radiation  cut  out,  the 
greater  the  time  factor.  In  the  average 
Bucky-Potter  diaphragm  on  the  market  this 
time  factor  is  about  3 ;  that  is,  the  exposure 
with  the  diaphragm  is  four  times  what  it  is 
without  it,  other  conditions  being  the  same. 
If  the  factor  is  much  less  than  3,  the  dia- 
phragm cannot  be  effective. 

There  has  been  of  course  some  (lisa]~)point- 


ment  and  criticism  since  the  present  Bucky 
diaphragms  have  been  introduced,  but  it  is 
the  writer's  feeling  that  this  has  been  a  good 
thing  for  this  science,  for  the  manufacturers 
have  had  the  benefit  of  a  vast  amount  of 
constructive  criticism  as  well  as  a  certain 
wholesome  amount  of  destructive  criticism. 
This  will  no  doubt  lead  eventually  to  me- 
chanically perfect  diaphragms,  for  undoubt- 
edly a  good  deal  of  the  objectionable  "cor- 
duroy" effect  shown  in  some  diaphragmed 
negatives,  due  to  picturing  the  grid  struc- 
ture, is  caused  by  lack  of  uniformit}-  in  mo- 
tion of  the  grid. 

It  should  also  be  borne  in  mind  that  the 
efficiency  and  desirability  of  any  diaphragm 
of  this  sort  can  best  be  determined  by  re- 
membering that  it  is  most  useful  for  the 
raying  of  thick  subjects.  There  is  no  desir- 
ability of  using  it  for  raying  thin  parts  or 
probably  even  for  raying  the  thicker  parts 
of  an  average  sized  patient,  but  when  the 
subject  is  from  ten  to  fifteen  inches  in  thick- 
ness, then  of  course  the  ratio  of  scattered  to 
direct  radiation  is  considerably  changed  and 
the  effectiveness  of  the  Bucky  diaphragm  is 
increased. 

It  is  the  writer's  opinion,  then,  that  the 
desirability  of  installing  the  Bucky  dia- 
phragm is  a  matter  to  be  decided  by  the  in- 
dividual. It  will  depend  entirely  upon  the 
volume  of  cases  requiring  radiation  of  the 
thicker  parts  or  perhaps  abnormally  thick 
parts,  and  if  it  is  decided  that  one  can  be 
used  effectively,  then  the  prime  consideration 
in  buying  it  should  be  its  mechanical  per- 
fection. ,  r  -n    TT 

Millard  B.  Hodgson 

Rochester  N.  Y. 


WESTERN  SECTION  A.  R.  R.  S. 
REPORT    OF  ANNUAL  MEETING 

The  Second  -Vnnual  Meeting  of  the  West- 
ern Section  of  the  American  Roentgen  Ray 
Society,  held  at  Portland,  Oregon,  May  27, 
1 92 1,  brought  forth  a  very  gratifying  ex- 
pression of  interest  in  attendence  and  ex- 
hibits. The  roentgenologists  of  Oregon  and 
Washington  attended  in  force,  while  Califor- 
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nia  was  represented  by  nine  delegates.  Men 
from  Arizona,  Idaho  and  Montana  were  also 
in  attendance,  bringing  the  total  representa- 
tion np  to  about  forty.  This  is  an  excellent 
showing,  as  it  comprises  about  one  third  of 
the  roentgenologists  in  the  Western  Section. 
The  Section  joined  with  the  Pacific  Coast 
Roentgen  Ray  Society  in  this  meeting,  and 
this  latter  organization  took  charge  of  the 
program  on  the  second  day  of  the  meeting, 
May  28th. 

The  two  organizations  were  entertained  by 
the  Portland  Roentgen  Club.  They  were  ban- 
queted, dined,  and  given  a  four-hour  ride 
over  the  famous  Columbia  River  Highway — 
all  at  the  expense  of  this  club  of  about  a 
dozen  members. 

The  programs  were  of  a  high  order  of  ex- 
cellence, as  the  papers  which  will  shortly  ap- 
pear in  this  Journal  will  demonstrate.  The 
Section  received  with  great  enthusiasm  the 
information  that  The  American  Roentgen 
Ray  Society  will  probably  come  to  the  Paci- 
fic Coast  for  the  1922  meeting.  Plans  are  al- 
. ready  being  made  for  the  proper  entertain- 
ment of  the  Society  in  a  manner  commensur- 
ate with  its  dignity  and  scientific  character. 
W.  Warner  Watkins,  Secretary 


MIDYEAR  MEETING  OF  THE 

RADIOLOGICAL  SOCIETY  OF 

NORTH  AMERICA 

The  Midyear  Meeting  of  the  Radio- 
logical Society  of  North  America  was  held 
at  the  Copley  Plaza  Hotel  in  Boston,  June  3 
and  4,  1 92 1.  The  reported  attendance  at  this 
meeting  was  larger  than  that  at  any  preced- 
ing similar  meeting  of  this  Society. 

The  scientific  sessions,  which  were  well 
attended,  were  presided  over  by  Dr.  Alden 
Williams,  President  of  the  Society. 

The  address  of  Dr.  Coolidge  on  High 
Voltage  Problems,  and  the  paper  of  Dr.  A.  F. 
Tyler  on  Recent  Developments  in  Deep 
Therapy  Technique — Facts  and  Fancies, 
were  especially  timely. 

Dr.  Coolidge  detailed  some  of  the  results 
obtained  by  working  with  two  high  voltage 


machines  secured  from  Germany.  He  stated 
his  belief  that  the  voltages  used  for  treat- 
ment in  Germany  at  the  present  time  are  not 
so  different  from  those  obtainable  from  the 
jr-ray  machines  in  common  use  in  the  United 
States  as  we  have  been  led  to  believe. 

He  explains  the  discrepancy  by  the  differ- 
ent methods  in  use  in  the  two  countries  of 
computing  the  voltage.  He  gave  as  his  be- 
lief that  there  is  as  yet  no  reliable  informa- 
tion on  the  effects  of  Ji'-rays  produced  by 
voltages  higher  than  those  represented  by. 
a  ten-inch  spark-gap  measured  between 
spheres. 

A  practical  conclusion  to  be. drawn  from 
the  papers  of  Drs.  Coolidge  and  Tyler  is 
that  the  production  of  .I'-rays  by  higher  volt- 
ages than  those  in  common  use  in  this  coun- 
try is  still  uncertain,  and  the  results  of  treat- 
ment by  ,r-rays  produced  by  such  high  volt- 
age currents  are  therefore  still  unknown.  It 
follows  that  the  time  has  not  yet  arrived 
when  we  should  replace  the  ;r-ray  machines 
now  in  use  by  others  supposed  to  produce 
currents  of  higher  voltage. 

The  entire  program  was  well-balanced 
and  well  repaid  the  attendance  of  all  who 
were  there. 

A.  C.  C 


CORRESPONDENCE 

Dr.  H.  M.  Imboden,  Editor 

American  Journal  of  Roentgenology, 
480  Park  Ave.,  New  York  City. 

Dear  Sir:  In  reply  to  the  criticism  by  J.S. 
Shearer,  published  in  the  March  issue  of 
The  American  Journal  of  Roentgen- 
ology, we  wish  to  state  that  our  formulae 
and  methods  of  determination  of  .t--ray  dos- 
age are  based  on  Holzknecht  radiometer 
readings  and  clinical  manifestations  of  the 
human  skin,  also  on  nearly  four  years  of  ac- 
tual operation  in  both  clinics  and  private 
practice  with  standard  apparatus. 

Our  modification  of  the  radiographic  for- 
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doubling  the  spark-gap  without  changing  the 
other  factors  gave  double  the  dose  as  indi- 
cated by  the  radiometer  scale. 

This  was  clinically  verified  by  exposing 
different  areas  of  patients'  backs  instead  of 
the  pastille.  Those  areas  in  which  double 
the  spark-gap  of  the  er}thema  dose  was 
used  and  the  time  of  exposure  reduced  one 
half,  showed  the  same  degree  of  erythema 
and  clinical  manifestations.  We  therefore 
adopted  the  following  formula  for  unfiltered 
^j^^  MAXSpGpXT 

D  X  D 

We  also  found  that  when  a  filter  of  alumi- 
num was  interposed,  it  only  required  twice 
the  time  to  produce  the  same  Holzknecht 
reading  at  full  distance  as  that  of  half  dis- 
tance. 

In  order  to  establish  biological  proof  In- 
doing  away  with  the  pastille  and  substituting 
the  human  skin  the  following  experiment 
was  made: 

A  patient's  wrists  were  exposed  with  three 
millimeters  of  aluminum  as  a  filter,  one  wrist 
at  a  distance  of  6  inches  from  the  targ-et  and 
the  other  at  a  distance  of  12  inches,  both 
wrists  being  exposed  at  the  same  time.  The 
wrist  at  6  inches  distance  was  withdrawn 
after  seven  minutes  and  forty-two  seconds 
exposure.  The  other  which  was  twelve  inches 
from  the  target  received  fifteen  minutes  and 
twenty- four  seconds  exposure,  i.e.,  double 
the  time  given  the  wrist  at  half  the  distance. 


Ten  days  after  this  exposure  the  erythema 
produced  on  both  wrists  was  identical. 

If  the  exposure  at  full  distance  (12  inches) 
had  been  made  in  accordance  with  the  law 
of  "\aries  inversely  as  the  square  of  the  dis- 
tance," as  in  unfiltered  therapy,  the  time  of 
exposure  would  have  been  thirty  minutes  and 
forty-eight  seconds  or  four  times  that  of  half 
distance. 

If  an  exposure  of  fifteen  minutes  and 
twenty-four  seconds  at  12  inches  produces 
an  erythema,  double  that  time  (thirty  min- 
utes and  forty-eight  seconds)  will  produce 
an  A'- ray  burn ;  therefore  clinically  instead  of 
having  both  areas  identical  as  a  basis  for  de- 
termining dosage,  one  wrist  w'ould  receive  an 
A'-ray  burn  and  the  other  a  simple  ereythema. 

It  therefore  follows  that  determinations  of 
filtered  .r-ray  dosage  based  on  the  same  law 
of  distance  as  in  unfiltered  dosage  would  in- 
volve disregarding  entirely  the  clinical  mani- 
festations of  the  skin  and  would  ultimately 
lead  to  permanent  disfigurement,  telangiec- 
tasis, keratosis  and  epitheliomatous  degen- 
eration of  the  exposed  skin. 

Unless  some  method  is  devised  w'hereby 
the  law  of  light  and  distance  and  the  clinical 
manifestations  of  the  human  skin  in  filtered 
A'-ray  therapy  coincide,  we  can  see  no  reason 
why  a  law^  of  physics  should  form  the  sole 
basis  in  determining  dosage. 
JoHx  Remer 
William  D.  Witherbee. 


Subscribers  to  The  American  Journal  of  Roentgenology  visiting  J^ew  Tor\  City,  are  in^ 
vited  to  ma\e  the  office  of  The  Journal  (69  East  59th  Street,  T^ew  Tor\)  their  headquarters.  Mail, 
pac\ages  or  baggage  may  be  addressed  in  our  care.  Hotel  reservations  will  gladly  be  made  for  those 
advising  us  in  advance;  in  this  case,  \iridly  notify  us  in  detail  as  to  requirements  and  prices.  List  of 
operations  in  T^ew  Tor\  hospitals  on  file  in  our  office  daily. 
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General  Practice  and  A'-Rays.  A  Hand- 
book for  the  General  Practitioner  and 
Student,  by  Alice  Vance  Knox,  M.B., 
B.Ch.,  with  chapters  on  the  production  of 
A'-Rays  and  Instrumentation  by  Robert 
Knox,  M.D.,  CM.,  M.R.C.S.,  L.R.C.P., 
containing  214  pages,  32  full  page  plates 
and  56  diagrams  in  the  text.  Price  $5.00. 
A.  &  C.  Black,  Ltd.,  4,  5,  and  6  Soho 
Square,  London,  W.  i,  1921. 

This  is  a  very  practical  book  and  should 
prove  very  useful  to  that  large  class  of  gen- 
eral practitioners  who  have  not  had  an  op- 
portunity to  familiarize  themselves  with  the 
rapidly  developing  science  of  radiography 
and  radiotherapy. 

The  authors  refer  to  the  fact  that  a  gen- 
eral practitioner  does  not  find  it  easy  to  keep 
pace  with  the  new  developments  in  .r-ray 
diagnosis  and  technique,  and  to  appreciate  to 
the  full  either  the  help  that  they  can  afford 
him  or  their  limitations.  This  is  especially 
true  of  the  older  practitioners  who  have  been 
well  established  in  their  practice  during  the 


early  days  of  the  .r-rays  or  even  before 
Roentgen's  discovery.  The  authors  intend 
the  volume  as  a  practical  demonstration  of 
the  value  of  .r-rays  in  general  practice, 
without  attempting  to  convey  a  working 
knowledge  of  the  ;r-rays. 

Reference  is  made  to  the  position  of  the 
radiologist  in  the  field  of  medicine.  He  is 
idealized  as  a  medically  trained  individual 
of  experience  in  clinical  diagnosis  and  path- 
ology of  that  particular  field  in  which  he 
specializes  in  radiology.  His  opinion  should 
be  of  value  not  only  in  the  interpretation  of 
plates  and  screen  findings,  but  in  the  clinical 
diagnosis  and  in  the  prognosis.  In  other 
words,  the  position  of  the  radiological  ex- 
pert is  essentially  that  of  a  consultant.  It 
therefore  follows  that  the  radiologist  should 
be  made  fully  acquainted  with  the  history  of 
the  case  and  the  existing  physical  findings. 

The  work  is  readable,  clear,  attractive 
from  the  standpoint  of  bookmaking,  and 
should  be  of  great  assistance  in  popularizing 
and  extending  the  usefulness  of  .r-ray  exam- 

^^^t^°"^-  James  T.  Case. 
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PoNTANO,  T.  Contributa  alia  Conoscenza  Cli- 
nica  e  Radiologica  della  Sifilide  Polmonare. 
(Policlin.,  1920,  xxvii,  46,  1299.) 

The  diagnosis  of  pulmonary  syphilis  has  in 
the  past  presented  grave  difficulties  and 
"phthisis  a  lues  venerea"  represented  the  con- 
fused ideas  prevalent.  Much  progress  has  been 
made,  but  even  at  the  present  day  the  clinical 
syndrome  is  not  clearly  defined.  It  has  been 
demonstrated  that  syphilis  may  produce  pul- 
monary lesions  of  a  neoproductive  type 
(gumma),  an  infiltrative  type  (broncho-pneu- 
monia), a  destructive  type  (cavities),  and  a 
sclerotic  type. 

Diagnosis  at  the  present  time  is  based  on  (a) 
recognition  of  a  syphilitic  soil,  (b)  contempo- 
rary syphilitic  manifestations,  (c)  localiza- 
tions in  the  lungs  and  radiographic  findings, 
(d)  exclusion  of  other  processes,  and  (e) 
specific  therapy. 

In  pulmonary  syphilis  roentgenology  has  not 
given  as  much  as  it  might.  The  roentgenologic 
character  as  given  in  the  literature  may  be 
summed  up  as  follows :  The  process  has  a  pre- 
dilection for  the  blood  vessels,  spreads  along 
the  vascular  ramifications,  tends  to  invade  the 
parenchyma  from  the  hilus  outward  so  that 
the  shadow  decreases  in  density  toward  the 
periphery.  All  radiologists  observe  that  it  may 
be  difficult  to  differentiate  between  syphilis 
and  tuberculosis. 

Pontana  reports  the  case  of  a  man,  aged 
twenty-two,  whose  clinical  history  and  symp- 
toms are  presented  in  detail.  The  first  roent- 
genogram taken  March  13  showed,  on  the 
right  side  in  the  region  of  the  second  and  third 
ribs  and  their  interspaces,  a  more  or  less  in- 
tense and  rounded  shadow  continuous  with  the 
cardiovascular  shadow  and  extending  laterally 
to  a  point  between  the  midclavicular  line  and 
the  anterior  border  of  the  axilla.  While  intense, 
the  shadow  zones  were  of  varying  density  and 
the  shadow  was  not  uniform.  Its  contour  was 
somewhat  irregular  and  its  margin  gradually 
blended  with  its  surroundings.  Branches  ex- 
tended outward  like  spokes  from  the  sha- 
dow, some  of  the  more  prominent  ones  ra- 
diating toward  the  apex  and  the  base.  The 
roentgenographic   picture   aided   in   excluding 


echinococcus    cyst    and    pulmonar}-    abscess. 

After  syphilitic  treatment  another  roent- 
genogram was  made,  April  2,  giving  a  very 
different  picture.  Instead  of  the  former  intense 
shadow  there  was  a  trabeculation  through 
which  the  pulmonary  parenchyma  could  be 
seen.  A  portion  of  the  lung  had  acquired  its 
normal  transparency,  although  there  was  still 
a  less  clear  zone  near  the  hilus. 

Pontano  believes  that  the  roentgenologic 
examination  "permits  us  to  identify  exactly 
the  process.  The  irregularly  rounded  form  with 
winding  margins  and  the  intense  shadow  with 
dark  and  light  areas  produce  exactly  the  ap- 
pearance of  conglomerate  gumma  which  are 
observed  postmortem."  In  his  conclusions  he 
says  that  the  roentgenologic  study  is  "useful 
and  carries  great  weight  in  the  differential 
diagnosis  even  though  insufficient  to  solve  the 
problem  by  itself." 

A.  S.  Giordano. 
R.   D.   Carman. 

Antoine,  E.  (Paris.)  General  and  Radiologic 
Study  of  Simple  Duodenal  Ulcer.  (Gas.  d. 
hop.,  March  19,  1921,  xciv,  23.) 

Radiography  should  always  be  practiced  on 
the  mere  suspicion  of  duodenal  ulcer.  To 
corroborate  the  clinical  diagnosis  a  roentgen 
examination  is  of  the  utmost  importance.  The 
art  of  diagnosis  by  the  rays  is  a  recent  acquis- 
ition but  has  been  gradually  improved.  The 
duodenum  and  stomach  should  be  studied  in- 
dependently of  each  other.  In  the  duodenal 
direct  examination  a  deformity  of  the  duo- 
denum is  usually  seen,  but  normal  findings  do 
not  exclude  the  presence  of  ulcer.  INIuch  differ- 
ence of  opinion  has  arisen  over  the  exact  sig- 
nificance of  this  apparent  deformity  and  of  the 
role  played  by  local  spasm,  the  latter  perhaps 
modifying  the  actual  deformity.  Operation 
with  the  diagnosis  of  marked  deformity  may 
reveal  only  a  slight  deformit}'.  The  author 
enumerates  varieties  of  deformity  as  laid  down 
by  Carman.  The  maximum  visibility  is  at  the 
level  of  the  bulb  of  the  duodenum  and  the  de- 
formity is  not  always  easy  of  interpretation. 
Naturally  any  diagnosis  based  on  the  presence 
of  deformity  requires  repeated  examinations, 


420 


Translations  and  Abstracts 


421 


for  constancy  is  the  leading  element  in  the 
diagnosis.  If  due  to  spasm  a  second  examina- 
tion may  prove  negative  in  this  respect.  The 
indirect  or  gastric  examination  is  not  less  im- 
portant and  the  diagnosis  may  be  made  by  it 
alone.  The  positive  evidences  are  hyperperi- 
stalsis,  hypertonus  and  rapid  evacuation.  The 
hypertonic  stomach  is  small,  high  placed  and 
with  parallel  walls ;  hyperperistalsis  is  visible 
under  the  screen,  is  an  intermittent  phenome- 
non as  well  as  inconstant.  Rapid  evacuation  is 
also  brought  about  by  radioscopy,  as  shown 
by  Barclay.  Radiographic  diagnosis  also  in- 
cludes numerous  evidences  of  duodenal  ste- 
nosis resulting  from  ulcer. 

Du  Pont,  J-  Slight  Fractures  of  the  Base  of 
the  Acetabulum.  (Presse  med.,  February  16, 
192 1,  xxix,  14.) 

In  a  recent  number  of  this  journal  Basset 
called  attention  to  the  possibility  that  slight 
fracture  of  the  acetabulum  is  more  common 
than  has  heretofore  been  believed  and  that  this 
lesion  could  be  confused  with  contusion  of 
the  hip.  Slight  fracture  in  this  locality  with 
deepening  of  the  acetabulum  is  an  accident 
which  was  unknown  before  radiography.  Bro- 
ca  once  treated  a  case  in  a  woman  who  fell  on 
her  great  trochanter  and  presented  symptoms 
which  suggested  a  plastic  arthritis.  It  was  five 
months  before  the  joint  became  normal.  The 
leading  symptom  was  pain  upon  pressing  upon 
the  great  trochanter.  Recently  a  patient  was 
admitted  to  Broca's  service  who  had  been 
kicked  on  the  great  trochanter  by  a  mule.  The 
symptomology  was  meager — hardly  more  than 
a  bruise  in  situ  and  slight  local  pain.  Digital 
exploration  of  the  rectum  disclosed  a  sensitive 
area  on  the  horizontal  ramus  of  the  os  pubis. 
Earle  regards  this  symptom  as  evidence  of 
facture  of  the  base  of  the  acetabulum.  The  x- 
ray  showed  the  correctness  of  Earle's  sign.  The 
head  of  the  femur  was  in  the  cavity  but  the 
latter  was  seen  to  be  deepened  from  fracture 
through  its  base.  Two  spiculae  of  bone  were 
seen  to  project  into  the  pelvic  cavity.  Kanto- 
witsch  has  called  attention  to  the  projection  of 
a  single  speculae  into  the  pelvis,  either  superi- 
orly or  inferiorly  placed,  but  here,  as  stated, 
there  were  two  of  these  fragments.  A  slight 
joint  reaction  followed  the  injury  and  required 
the  use  of  extension  for  eight  days.  The  final 
outcome  of  the  case  is  unknown.  These  so-called 


benign  fractures  must  not  be  confused  with  the 
severe  type  in  which  the  acetabulum  is  commi- 
nuted and  the  head  of  the  femur  forced  into 
the  pelvic  cavity.  Such  accidents  were  well 
known  in  the  pre-radiographic  period  and 
there  is  a  large  literature  upon  the  subject. 

Antoine,  E.  (Paris).  A  Case  of  "Appendic- 
ular Sciatica."  {Gaz.  d.  hop.,  March  1-3, 
1921,  xciv,  18.) 

In  1913,  Enriquez  and  Gutmann  described 
what  they  termed  "limping  appendicitis."  The 
author  has  noticed  a  close  relationship  between 
this  affection  and  the  one  termed  "appendic- 
ular sciatica."  A  patient  was  seen  by  him 
recently  with  what  apparently  was  sciatica, 
treated  in  vain  for  several  months.  There  was 
an  abortive  abdominal  symptomatology  which 
did  not  interfere  with  the  diagnosis.  The  use 
of  the  .r-rays  and  a  blood  ,count  made  a  diag- 
nosis of  chronic  appendicitis.  The  pain  was 
first  noted  in  the  heel  and  was  felt  higher  and 
higher  until  it  was  referred  to  the  right  thigh. 
The  pains  could  not  be  made  to  subside  and 
became  so  severe  at  last  that  the  patient  could 
neither  walk  nor  work.  He  then  entered  the 
hospital  for  treatment.  The  hospital  diagnosis 
was  right-sided  sciatic  neuralgia  and  the  treat- 
ment consisted  of  rest,  aspirin,  sedative  fric- 
tions and  epidural  injection  of  novococainized 
serum — all  without  benefit.  The  pains  always 
came  back  as  soon  as  he  stepped  out  on  the 
floor.  The  hospital  physician  began  to  suspect 
imposture. 

When  the  case  came  under  the  author's 
hands  he  was  surprised  to  find  no  tender  pres- 
sure points,  while  extension  of  the  lower  ex- 
tremity was  but  slightly  painful.  Only  abduc- 
tion of  the  thigh  caused  marked  pain.  Exami- 
nation of  the  abdomen  left  no  doubt  that 
whatever  else  was  present  the  man  had  chronic 
appendicitis.  Radioscopic  examination  showed 
stomach  normal,  cecum  high  up  and  not 
voluminous,  not  descending  to  its  normal  re- 
cess. The  margin  of  the  shadow  showed  deep 
notches  and  the  base  of  the  cecum  was  immov- 
able and  fixed  to  the  posterior  portion  of  the 
pelvis  in  both  standing  and  recumbent  pos- 
tures. The  diagnosis  was  confirmed  by  the  re- 
sult of  operation.  In  regard  to  the  radiologic 
diagnosis  the  fixation  of  the  cecum  in  the 
right  iliac  fossa,  irrespective  of  position, 
checked  up  by  a  tender  point  at  the  internal 
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border  of  the  cecum  opposite  the  appendicu- 
lar insertion,  was  sufficient  for  the  diagnosis. 
An  acute  exacerbation  of  an  old  lesion  had 
set  up  the  syndrome  of  sciatica. 

ScHLECHT,  H.  (Kiel.)  Relative  Values  of 
Occult  Blood  and  Radiography  in  the  Diag- 
nosis of  Cancer  of  the  Stomach.  (Mitt.  a.  d. 
Grenzgeh.  d.  Med.  u.  Chir.,  191 7,  xxix,  469.) 

For  early  diagnosis  of  cancer  of  the  stomach 
the  author  rates  the  .«--ray  as  superior  to  most 
of  our  diagnostic  resources,  although  tempo- 
rarily inferior  to  the  demonstration  of  occult 
blood  in  the  stools.  The  roentgen  investigation 
cannot  be  standardized  and  may  not  be  avail- 
able at  all.  It  is  further  a  question  whether 
radiography  can  determine  the  stage  of  de- 
velopment of  the  cancer.  If  the  two  resources 
are  taken  jointly  with  both  tests  positive  we 
can  be  certain  of  our  diagnosis  in  the  absence 
of  all  other  data:  and  even  if  the  radiogram 
is  only  suspicious  of  cancer,  the  presence  of 
occult  blood  will  have  a  notable  diagnostic 
significance.  The  author  cites  an  unusual  case 
for  diagnosis  in  which  there  were  present  a 
high  degree  of  cachexia,  metastases  in  the 
liver  ahd  occult  blood  in  the  stools.  The  ques- 
tion to  be  answered  was,  "Is  the  primary 
growth  in  the  stomach  or  elsewhere?"  On 
both  the  screen  and  plate  could  be  seen  an 
anomalous  condition  of  the  lesser  curvature, 
the  interpretation  of  which  was  very  difficult. 
It  could  have  been  a  carcinoma  or  merely  a 
perigastric  adhesion.  As  the  evidence  contin- 
ued to  be  inconclusive,  a  higli  bismuth  enema 
was  taken  and  a  radiogram  of  the  colon  taken. 
The  primary  growth  was  seen  in  the  sigmoid 
and  the  diagnosis  confirmed  by  autopsy. 

LiviERATO,  P.E.  (Genoa),  The  Abdomino- 
Cardiac  Reflex  (Sign  of  Livierato)  as  a 
Means  for  Determining  the  Tonicity  of  the 
Myocardium.  {Grece  Med.,  December,  1920, 
xxii,  12.) 

Professor  Livierato  isolates  a  type  of  dis- 
pensary patient  who  presents  on  physical  ex- 
amination no  evidence  of  myocardial  insuffi- 
ciency, but  who  complains  of  precordial  op- 
pression, with  or  without  dyspnea,  especially 
after  a  meal.  This  symptom  disappears  on 
moderate  exercise.  The  author  made  the  dis- 
covery that  this  type  of  patient  when  repeat- 


edly struck  over  the  epigastrium  in  the  middle 
fine  and  in  the  antero-posterior  direction 
showed  an  increase  of  cardiac  dullness  along 
the  right  margin.  This  was  especially  notice- 
able in  the  upper  portion,  the  area  of  dullness 
passing  upward  several  centimeters.  The  outer 
(left)  border  remained  unchanged.  This  phe- 
nomenon was  confirmed  by  the  A'-ra}-,  both  by 
radioscopy  and  radiography.  It  Avas  also  shown 
that  after  light  gymnastic  exercise  the  condi- 
tion subsided.  The  author  explains  the  phe- 
nomenon as  follows :  the  blows  struck  abruptly 
on  the  abdominal  wall  provoke  a  reflex  which 
apparently  causes  a  dilatation  of  the  cardiac 
chambers,  especially  of  the  right  ventricle.  This 
fact  should  imply  that  somewhere  in  the  circu- 
lation an  obstruction  is  present.  The  possibili- 
ties of  this  kind  are  so  numerous  that  it  is  not 
worth  while  to  state  them  in  detail.  It  has  been 
shown  by  Degiovanni  by  cardiography  that  in- 
gestion of  food,  even  in  the  healthy,  increases 
the  intrapulmonary  tension.  As  a  result  of  ani- 
mal experiment  the  author  infers  that  the 
blows  on  the  epigastrium  cause  vasoconstric- 
tion of  the  pulmonary  vessels.  When  this  dila- 
tation occurs  spontaneously,  it  is  doubtless  in- 
stigated in  subjects  with  hypotonia  of  the  myo- 
cardium, by  the  mere  fact  of  the  ingestion  of 
a  meal. 

Hampeln.  (Riga.)  Symptomatology  and  Diag- 
nosis of  Primary  Malignant  Growths  of  the 
Lung.    {Miit.   a.   d.    Grenzgeh.   d.   Med.   w.    \ 
Chir.,  1919,  xxxi.  No.  5.) 

Some  of  the  author's  material  evidently 
antedates  the  .r-ray  period  and  he  claims  that 
their  resource  is  of  no  additional  diagnostic 
advantage  in  the  advanced  stages,  although 
valuable  in  the  initial  period.  He  enumerates 
thirteen  cases  of  primary  malignancy  of  the 
lung  and  other  local  affections  in  which  the 
diagnosis  was  mistaken,  thus  giving  an  idea 
of  the  chance  of  error  in  both  directions.  It 
should  however  be  stated  that  malignancy  of 
the  lung  is  often  .complicated  with  gangrene, 
bronchiectasis,  pleurisy  (empyema),  fibrosis, 
etc.  There  is  frequently  confusion  with  tuber- 
culous lesions.  In  these  mistaken  diagnoses  it 
does  not  appear  that  the  .ar-ray  figured  with  a 
single  exception.  Here  the  diagnosis  of  "can- 
cer" was  made  clinically.  The  .ar-ray  diagnosis 
was  limited  to  "neoplasm  of  the  lower  lobe." 
An  autops}-  could  not  be  obtained. 
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A  case  cited  by  the  author  is  of  interest. 
The  patient  was  an  unusually  vigorous  man 
of  fifty-six  in  perfect  health  save  for  a  recent 
series  of  hemoptyses.  There  was  dullness  of 
percussion  over  the  manubrium  region  and  the 
suspicion  was  of  malignant  disease.  The  radio- 
gram showed  a  shadow  given  off  from  the 
highest  point  of  the  vascular  shadow  with 
which  it  was  homogeneous.  No  pulsation  was 
observed  on  the  screen  or  clinically.  This 
shadow  resembled  one  of  aneurysm  published 
by  Romburg  and  another  of  the  same  origin 
by  Baetjer.  The  hemorrhage  might  therefore 
have  been  due  to  erosion  of  the  aneurysm  into 
a  bronchus.  Four  plates  were  made  over  an 
interval  of  two  months.  The  shadow  broad- 
ened with  time  and  toward  the  right  side. 
Finally  the  secondary  shadow  could  be  seen 
to  be  distinct  from  the  cardiovascular  shadow, 
and  the  diagnosis  was  changed  from  aneurysm 
to  neoplasm.  The  patient  survived  three 
months  and  autopsy  revealed  a  round  cell 
sarcoma  of  the  upper  lobe  with  extension  into 
the  right  main  bronchus. 

Paisseau  and  Solomon.  Radiologic  Aspects 
of  Influenza  Pneumonia  and  Bronchopneu- 
monia. (Bull,  et  mem.  Soc.  med.  d.  hop.  de 
Par.  February  17,  192 1.) 

The  pulmonary  complications  of  influenza 
have  assumed  different  forms,  so  that  while 
in  one  case  we  see  a  hemorrhagic  broncho- 
pneumonia, in  another  the  lesions  are  of  the 
frank  lobar  pneumonic  type  and  less  severe.  In 
still  other  cases  there  is  a  pseudo-bulbar  pneu- 
monia associated  with  a  diffuse  bronchitis  and 
scattered  foci  of  bronchopneumonia.  Radiog- 
raphy is  an  excellent  resource  for  differentiat- 
ing these  three  pneumonic  types.  In  frankly 
lobar  pneumonia  the  shadow  shows  that  the 
mischief  is  limited  to  a  single  lobe,  the  borders 
of  which  are  sharply  outlined,  and  when  occur- 
ring in  influenza  the  location  is  for  the  most 
part  unilateral  with  a  tendency  to  involve  the 
left  side ;  while  a  special  characteristic  is  the 
emergence  of  the  process  at  the  hilus  region. 
American  authors  have  insisted  on  the  latter 
as  a  constant  feature  as  a  result  of  early  ex- 
aminations of  influenza  patients.  In  typical 
bronchopneumonia  the  shadow  is  .character- 
ized by  irregular  contours  the  margins  of 
which  are  less  precise  and  diffuse  than  in  the 
pseudolobar    form.    The    involvement    of    the 


lobules  suggests  the  shadow  of  a  tuberculous 
lung.  The  bronchopneumonic  form  begins  at 
the  hilus  as  in  the  frankly  lobar  form  with 
accentuated  density  and  the  shadow  of  peri- 
bronchial thickening.  By  extension  there  ap- 
pear small,  rounded  shadows  of  diffuse  con- 
tours, more  or  less  confluent,  with  a  tessellated 
appearance  suggestive  of  tuberculosis.  In  cer- 
tain cases  both  types  of  shadow,  lobar  and 
bronchopneumonic,  may  coexist  and  in  these 
cases  the  radiologic  diagnosis  of  pseudolobar 
pneumonia  is  evident.  Characteristic  of  all  of 
the  types  is  initial  invasion  of  the  hilus  region. 

Knox,  Robert.  Treatment  by  X-Rays  and 
Radium.  {Brit.  M.  J.  February  26,  1921, 
No.  3139,  p.  3004.) 

A'-rays  are  the  best  treatment  for  tinea 
capitis.  In  rodent  ulcer  radium  is  better  than 
.r-rays,  as  there  is  less  frequent  relapse  after 
using  radium.  When  it  relapses  there  is  re- 
sistance to  second  healing.  Lupus  vulgaris 
sometimes  gives  good  results.  Too  much  treat- 
ment of  it  exposes  to  the  danger  of  lupus 
carcinoma.  Hyperhidrosis  is  readily  control- 
led by  .jr-rays.  In  leukemia  the  immediate  ef-. 
feet  is  striking  and  the  control  may  go  on  for 
years,  but  the  final  result  is  nearly  always  re- 
lapse. Radium  is  better  than  ;i--rays,  as  also 
in  Banti's  disease.  In  exophthalmic  goiter 
radium  should  be  used.  Simple  inflammation 
of  lymphatic  glands  and  lymphadenoma 
quickly  respond,  so  also  with  sarcoma,  but 
with  the  latter  relapse  occurs.  With  tubercle 
and  carcinoma  the  response  is  slow.  In  fibro- 
myoma  of  the  uterus  reduction  occurs  to  half 
or  a  third,  but  tumors  never  disappear.  Great 
improvement  however  occurs  in  health  from 
cessation  of  the  hemorrhage.  Some  cases  do 
not  respond.  In  carcinoma  of  the  breast  he 
advised  .r-ray  treatment  before  and  after  the 
operation.  Some  inoperable  cases  become  oper- 
able after  .^r-rays. 

A.  H.  P. 

Morton,  Reginald.  A'-Ray  Radiation  and 
Cancer.  {Brit.  M.  J.  No.  3135,  Jan.  29, 
192  f,  p.  172.) 

The  author  believes  that  radiation  is  more 
likely  to  provide  cure  for  cancer  than  any- 
thing else.  He  advocates  exact  dosage  with 
a  16  inch  spark  gap  and  a  filter  of  12  milli- 
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meters  of  aluminum.  The  Coolidge  tube  is 
unsuitable  for  the  treatment.  At  Erlangen  the 
tube  is  standardized  by  biological  methods  and 
recalibrated  at  intervals.  A  thirty-five  minute 
treatment  is  followed  by  redness  in  a  week.  No 
ulcer  follows,  and  tanning  occurs  after  three 
weeks.  This  is  the  unit  dose.  Taking  this  as 
lOO,  a  cancer  cell  requires  no  to  destroy  it, 
70  to  90  will  paralyse  it  so  to  speak,  and  it 
may  recover.  A  dose  of  40  stimulates  it  to  in- 
creased growth.  Six  ports  of  entry  are  used 
for  the  uterus.  This  is  not  possible  for  breast 
cases  which  are  treated  at  a  long  distance. 
The  treatment  may  last  from  five  to  ten  hours. 
In  the  Erlangen  results  dating  back  from  1918, 
20  of  24  cases  of  uterine  cancer  were  quite 
well.  Since  191 7,  75  per  cent  of  the  mammary 
cases  are  clinically  cured. 

A.  H.  P. 

A  reply  to  the  above  (which  is  heresy)  is 
the  following: 

Johnson,  F.  Harnaman.  The  immunizing  ef- 
fects of  Z-Rays  in  Carcinoma.  (Brit.  M.  J., 
March  5,  1921,  No.  3140,  p.  365.) 

The  author  replies  to  Dr.  Morton's  claims 
for  the  Erlanger  method  of  treating  cancer  by 
.ar-rays.  Neither  quantity  nor  quality  of  .ar-rays 
in  themselves  guarantees  success.  Z-rays  act 
by  local  and  general  stimulation  of  the  pro- 
tective mechanisms  of  the  body.  It  would  be 
dangerous  to  operate  after  the  Erlangen  mas- 
sive doses.  The  author  advocates  instead 
eight  small  doses  distributed  over  three  weeks. 
He  believes  that  the  A'-rays  act  like  vaccines, 
raising  the  resistance  of  the  patient  to  cancer 
invasion.  The  results  of  the  Erlangen  treat- 
ment are  not  convincing.  The  immunizing  ef- 
fects of  .r-rays  are  seen  in  tubercle  and  Graves 
disease  and  he  infers  from  his  experience  that 
there  is  an  immunizing  effect  of  .^-rays  in 
cancer. 

A.  H.  P. 

Strom,  S.  (Stockholm.)  Roentgen  Differential 
Diagnosis  between  Osteitis  Fibrosa,  Solitary 
Bone-Cyst  and  Tumor.  (Acta  Chiritrgica 
Scandiiiaz'ica,  December  11,  1920,  liii,  2.) 

This  subject  is  of  great  importance,  and 
while  the  radiologist  is  presumably  familiar 
with  the  appearances  of  the  three  affections. 


the  latter  sometimes  shade  into  one  another, 
and  make  the  problem  of  differential  diagnosis 
less  simple  than  one  would  think.  In  the  first 
case  cited  by  the  author  the  diagnosis  of  ostei- 
tis fibrosa  was  made  only  with  great  difficulty. 
The  lesion  was  situated  in  the  upper  extremity 
of  the  humerus  and  was  characterized  by  ex- 
tensive deformity  of  that  portion  of  the  bone. 
In  order  to  exclude  the  possibility  of  local  neo- 
plastic formation  it  was  necessary  to  show^  that 
the  osteitis  involves  the  greater  part  of  the 
humerus.  The  author  was  able  to  demonstrate 
from  the  plate  that  the  structure  of  the  balance 
of  the  bone  was  quite  abnormal,  even  though 
the  gross  appearance  showed  no  change.  The 
opposite  humerus  was  studied  for  control.  The 
deformity,  which  gave  to  the  bone  a  club  shape, 
extended  downward  into  the  diaphysis  and  the 
usual  bone  structure  was  obliterated  with  the 
suggestion  of  a  cavity  formation.  The  cortical 
portion  in  the  deformed  area  was  considerably 
thinned  and  pressed  outward.  Upon  studying 
the  remainder  of  the  shaft  the  same  thinning 
of  the  cortex  was  evident  in  places  with  in- 
crease of  the  marrow  cavity,  although  the 
diameter  of  this  shaft  agreed  with  that  of  its 
fellow  on  the  opposite  side.  Three  years  be- 
fore, there  had  been  a  fracture  through  the 
upper  part  of  the  humerus  following  a  slight 
violence,  and  the  fracture  line  was  evident  in 
the  plate.  The  decisive  feature  in  osteitis 
fibrosis  is  not  the  structure  of  the  bone  but  the 
involvement  of  the  greater  portion  of  the  gross 
non-deformed  part  of  the  bone  in  the  morbid 
process. 

Helm.  The  Tabetic  Stomach  under  X-Rays. 
(Fortschr.  a.  d.  Geb.  d.  Rbntgenstrahlen, 
iii,  25.) 

Proof  is  given  in  twelve  cases  that  in  indi- 
vidual cases  at  different  times  completely  dif- 
ferent appearances  may  be  presented.  A  con- 
nection between  the  subjective  and  objective 
findings  with  reference  to  the  stomach-picture 
cannot  always  be  determined.  Also  in  cases 
subjectively  similar,  sometimes  one  sometimes 
another  picture  is  to  be  found.  In  the  majority 
of  cases  marked  subjective  symptoms  are  asso- 
ciated with  a  radiograph  deviating  from  the 
normal ;  above  everything,  spastic  conditions 
of  the  stomach  are  not  to  be  confounded  with 
true  hour-glass  forms.  Very  noticeable  are  the 
considerable  variations  in  tonus  yielded  bv  the 
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stomachs  of  individual  tabetic  patients,  where 
marked  atony  may  alternate  with  normal  tonic 
behavior.  The  atonic  stomach  indicates  a 
pause  in  the  attack. 

SiMox.  Adhesions  in  the  Cecal  Tract  Diag- 
nosed by  X-Rays.  {Hygiea,  Stockholm,  Ixxx, 
241.) 

Two  cases  of  strangulation  of  the  lower  end 
of  the  ileum  due  to  adhesions  following  an 
operation  for  appendicitis  which  was  per- 
formed several  years  previously.  For  compari- 
son the  author  refers  to  23  earlier  published 
cases  of  stenosis  of  the  ileum,  in  16  of  which 
there  was  a  history  of  carcinoma  or  tubercu- 
losis. AA'hilst  the  radiograph  showed  stenosis 
distinctly  in  the  latter  cases,  in  the  two  first 
mentioned  there  was  no  real  stenosis,  but  only 
a  slightly  retarded  filling  of  the  cecum,  to- 
gether with  slight  dilatation  of  the  lower  coils 
of  the  ileum  and  a  noticeable  distention  with 
gas.  These  differences,  which  can  be  recog- 
nized by  means  of  the  rays,  make  a  differential 
diagnosis  possible  between  neurotic  nervous 
troubles  after  appendicitis  and  those  due  to 
the  actual  existence  of  adhesions. 

Becerro  de  Bengoa.  Radium  Therapy  of  Can- 
cer of  the  Uterus.  (Annales  de  la  Faculte  de 
Medecine,  ii,  886.) 

Supporting  his  testimony  on  the  treatment 
of  200  cancers  of  the  uterus  treated  by  radium, 
the  author  arrives  at  the  following  conclusions : 

1.  Radium  possesses  a  truly  specific  action 
in  regard  to  cancer  cells. 

2.  \'egetative  cancers  yield  more  rapidly  and 
ai"e  of  less  serious  prognosis  than  infiltrating 
or  corrosive  tumors. 

3.  Radium  often  produces  pseudo-cures  due 
to  an  amelioration  of  the  cancer  of  the  cervix, 
making  at  the  same  time  an  advance  in  the 
body  of  the  organ  which  manifests  itself 
sooner  or  later. 

4.  These  pseudo-cures  are  due  to  an  ineffi- 
cient technique.  In  fact,  if  the  ideal  situation 
of  the  radium  tube  is  the  cervical  cavity,  it  is 
nevertheless  true  that  this  position  can  rarely 
be  utilized.  ]\Iore  frequently  the  tube  is  placed 
in  the  vagina,  in  more  or  less  perfect  contact 
with  the  external  os.  The  author  favors  the 
■employment  of  special  thin  silver  tubes,  having 


four  projections  on  their  exterior  surface, 
which  prevent  them  from  falling  into  the  va- 
gina. The\-  are  placed  in  position  after  dilata- 
tion of  the  cervix,  and  it  is  then  easy  to  deposit 
inside  these  tubes  the  radium  tubes,  kept  in 
position  by  a  compress.  The  cervix  and  the  ad- 
joining tissues  are  submitted  to  radiation. 
There  is  no  danger  of  cervical  occlusion,  and 
all  the  radiation  is  absorbed  by  the  neoplastic 
cells. 

Lumiere,  a.  The  Precision  of  Radiographic 
Images.  (/.  de  Radiol,  et  d'electrol,  iii,  97.) 

Four  rectangular  sieves,  made  of  wires  of 
different  diameters,  were  supported  10  cm. 
above  a  photographic  plate,  the  anticathode  of 
the  x-Y^y  tube  being  50  cm.  away  from  the 
plate,  and  photographs  were  taken  under  dif- 
ferent conditions  of  working.  It  was  found 
that  the  focal  spot  is  slowly  modified  in  the 
course  of  a  long  exposure,  broadening  to  an 
appreciable  extent.  It  also  suffers  a  slight  dis- 
placement when  the  tube  is  run  for  several 
minutes.  In  another  group  of  experiments  the 
current  strength  was  varied  from  ^  m.  amp. 
to  15  m.  amp.,  the  exposure  being  correspond- 
ingly shortened,  but  the  differences  in  defini- 
tion were  not  appreciable.  On  the  other  hand, 
when  the  tube  was  softened  so  that  the  equiva- 
lent spark  gap  was  reduced  from  18  cm.  to  3 
cm.,  the  definition  was  not  so  good.  Trials  with 
other  tubes  gave  opposite  results,  and  for  every 
tube  there  appears  to  be  a  particular  hardness 
for  which  the  definition  is  a  maximum.  It  is 
considered,  however,  that  the  variation  is  not 
of  great  importance.  Every  tube  appears  to  be 
able  to  furnish  an  image,  the  definition  of 
which  depends  on  the  tube,  and  is  little  modi- 
fied by  the  conditions  under  which  the  tube  is 
run.  Four  photographs  taken  with  the  anti- 
cathode  30,  50,  100,  and  150  cm.  from  the 
plate,  the  exposures  varying  directly  as  the 
square  of  the  distance,  show  the  improvement 
in  definition  obtained  by  increasing  this 
distance. 

The  experiments  relate  only  to  the  definition 
properly  so-called ;  they  are  not  concerned  with 
the  degree  of  contrast  obtainable  with  a  tube. 
For  example,  a  hard  tube  might  give  excellent 
images  of  all  four  sieves,  but  would  not  be  so 
suitable  for  examining  a  case  of  renal  calculus 
as  a  softer  tube  which  did  not  show  the  finer 
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wires.  As  the  lack  of  precision  seems  to  result 
from  the  surface  of  impact  on  the  anticathode 
not  being  punctiform,  but  of  an  appreciable 
area,  two  photographs  were  taken,  one  with  the 
tube  in  the  normal  position  and  the  other  with 
the  anticathode  nearly  perpendicular  to  the 
plate.  In  the  latter  case  the  projection  of  the 
focal  spot  on  the  plate  is  a  thin  line,  and  the 
images  are  greatly  improved  in  one  direction. 
It  is  concluded,  therefore,  that  one  of  the  es- 
sentials for  the  obtaining  of  a  greater  precision 
in  radiographs  is  the  reduction  of  the  size  of 
the  focal  spot. 


Laborde,  a.  Apparatus  Employed  in  Radium- 
therapy.  (/.  de  radiol.  et  d'electrol.,  iii, 
106.) 

This  is  a  general  review  of  the  properties  of 
radium  and  its  radiations.  Reference  is  also 
made  to  the  transformation  products  of  ra- 
dium. A  feature  of  the  paper  is  a  table  showing 
the  percentages  of  soft  B,  hard  B,  soft  m, 
and  hard  }i  radiation  transmitted  by  various 
metals,  bone,  and  some  organic  substances, 
when  the  thickness  of  the  absorbing  material 
varies  from  o.i  mm.  to  20  mm. 
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X-RAY  EXAMINATION  OF  THE  CHEST  AND  AN  X-RAY 
CLASSIFICATION  OF  PULMONARY  TUBERCULOSIS* 

By  H.  KENNON  DUNHAM,  m.d. 
The  Cincinnati  Tuberculosis  Sanatorium 

CINCINNATI,  OHIO 


'nr^HE  object  of  this  paper  is  to  bring  to 
-■-  the  profession  a  practical  method  of 
.r-ray  examination  of  the  chest,  based  upon 
10,000  such  examinations,  each  checked  by 
careful  physical  examination  and  history  or 
autopsy,  and  to  present  the  .^--ray  classifica- 
tion of  tuberculosis  used  at  the  Cincinnati 
Tuberculosis  Sanitorium. 

The  primary  purpose  of  the  examination  is 
to  locate  and  describe  abnormal  densities  and 
thus  detect  tuberculosis,  identify  its  type,  and 
differentiate  it  from  other  chest  lesions.  In 
this  way  I  am  able  to  classify  tuberculosis, 
arrive  at  a  more  perfect  diagnosis,  and  secure 
a  workable  basis  for  prognosis,  and  am  en- 
abled with  certainty  to  outline  the  necessary 
treatment  from  the  very  beginning  of  my 
care  of  the  case.  This  is  made  possible  be- 
cause stereoscopic  chest  plates  are  of  prime 
importance  in  determining  pulmonary  path- 
ology. 

The  limits  of  an  ,f-ray  chest  examination 
must  be  frankly  stated.  X-ray  studies  of 
lungs  and  chests  by  many  workers  during  the 
last  twenty  years  have  proven  that  a  physical 
examination,  even  in  expert  hands,  has  great 
limitations.  The  limitations  of  each  method 
have  been  proclaimed  by  men  who  were  not 
fully  familiar  with  the  method  they  criti- 


cised, so  that  to-day  the  profession  has  only  a 
hazy  knowledge  of  what  it  may  expect  from 
each  method. 

The  greatest  value  of  any  single  sign  of  a 
physical  examination  of  the  chest  is  the  de- 
tection, location,  and  classification  of  rales. 
This  is  so  important  that  our  late  army  ex- 
perience has  developed  the  erroneous  theory 
that  clinical  tuberculosis  should  only  be  diag- 
nosed by  rales.  The  truth  of  the  matter  is 
that  you  may  have  rales  upon  inspiration, 
over  a  limited  area,  without  tuberculosis,  and 
that  you  may  have  active  tuberculosis  with- 
out rales. 

In  a  case  of  incipient  tuberculosis  the  rale 
is  of  great  importance  for  the  same  reason 
that  the  .I'-ray  fan  is  important,  viz.,  that  the 
common  adult  pulmonary  lesion  is  cone 
shaped  and  its  base  comes  to  the  pleura. 
Thus,  when  you  have  the  adult  type  of  tuber- 
culosis you  have  inflammation  with  exudate 
at  the  point  of  inoculation,  which  partially 
fills  the  air  cells  and  distal  portion  of  the 
bronchial  tree ;  the  extent  of  the  lesion  is  lim- 
ited by  the  septa  of  the  lung,  which  extends 
into  the  lung  from  the  pleura  in  such  a  man- 
ner as  to  form  a  cone  with  its  base  at  the 
pleura.  The  stethoscope  easily  detects  such 
lesions  because  of  their  superficial  location, 
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and  we  hear  a  shower  of  fine  rales  breaking 
immediately  under'  the  ear.  They  are  usually 
heard  at  the  beginning  of  inspiration,  and  be- 
cause they  are  generally  not  so  acute  as  other 
forms  of  pneumonia  the  patient  must  often 
exhale  and  cough  before  they  are  brought 
out.  It  must  be  realized  that  this  is  not  a 
pathognomonic  sign  of  active  pulmonary  tu- 
berculosis but  is  a  sign  of  localized  inflamma- 
tory exudate  from  which  tuberculosis  must 
be  excluded.  Early  tuberculous  adult  lesions 
are  most  commonly  found  in  the  apex  of  a 
lobe — sometimes  in  the  apex  of  a  lower  lobe. 
So  the  location  of  such  findings  must  be  care- 
fully considered  when  making  a  diagnosis. 

It  is  not  generally  realized  that  rales  due  to 
tuberculous  lesions  frequently  disappear  af- 
ter a  few  weeks  or  months  and  that  rales  due 
to  localized  apical  pneumonia,  such  as  we  had 
during  the  late  epidemic,  frequently  persist 
for  months.  Further,  it  is  not  generally 
known  that  we  have  at  times  central  spherical 
areas  of  tuberculosis  which  may  give  no  such 
rales.  Most  important  to  remember  is  that  we 
may  have  very  extensive  lesions  of  tubercu- 
lous caseous  bronchopneumonia  without 
physical  signs.  The  purpose  of  these  few  re- 
marks upon  physical  signs  is  not  to  discuss 
the  physical  signs  of  tuberculosis,  but  to 
show  some  of  the  values  and  limitations  of 
the  jr-ray. 

While  rales  due  to  pulmonary  tuberculosis 
may  come  and  go,  this  is  not  true  of  the  ab- 
normal densities  in  the  lungs  due  to  tubercu- 
lous lesions.  They  may  change  but  they  never 
go.  Thus  we  have  a  record  of  the  past,  and 
although  the  rales  have  disappeared  an  old 
area  of  tuberculosis  is  easily  detected  by  the 
,r-ray.  A  fan  due  to  a  recent  tuberculous 
invasion,  in  which  the  rales  may  be  very 
characteristic  and  due  to  recent  localized  tu- 
berculous exudate,  is  difficult  to  detect  upon 
the  x-rav  plate.  Thus,  the  usual  error  in  read- 
ing x-TcLy  plates  of  tuberculous  cases  is  to 
overlook  recent  active  lesions,  or  to  diagnose 
non-tuberculous  lesions  of  similar  density  as 
tuberculosis.  The  usual  error  of  the  clinician 
is  to  overlook  old  lesions  and  thus  underesti- 
mate the  extent  of  the  pathology.  Such  dens- 
ities must  be  differentiated    from   artefact. 


and  from  localized  exudate  due  to  other 
causes.  Artefacts  are  corrected  by  proper 
roentgen  technique. 

I  wish  to  call  attention  to  the  limits  of  a 
roentgen  examination  of  the  chest  due  to  er- 
ror of  technique.  Breathing  during  exposures 
or  between  stereoscopic  exposures  may  ob- 
scure delicate  pneumonic  fans  or  may  cause 
them  to  appear  when  they  do  not  exist.  If 
plates  are  repeatedly  taken  in  the  same  posi- 
tion, it  is  easy  to  determine  the  normal  posi- 
tion of  the  trunks  and  thus  localize  the  lobes 
of  the  lungs.  Many  positions  can  be  used,  but 
for  each  position  the  normal  anatomy  must 
be  worked  out.  I  have  carefully  worked  out 
the  anatomy  for  one  position,  and  if  the  lobes 
of  the  lung  are  to  be  determined  by  my  meth- 
od, that  position  must  be  maintained.  I  have 
witnessed  some  grave  mistakes  made  in  loc- 
alizing a  lesion,  by  failing  to  observe  the  po- 
sitions of  plate,  tube  and  patient  described  in 
one  method,  yet  trying  to  read  these  plates  by 
that  method.  I  have  seen  the  same  lack  of 
correlation  by  having  Dunham's  fans  pointed 
out  to  me  in  pictures  of  perfectly  healthy  men 
who  have  breathed  between  stereoscopic  ex- 
posures in  three-second  exposures. 

Hard  tubes  with  rapid  exposures  do  not 
obscure  the  delicate  fans,,  but  a  tube  with  a 
five  inch  spark-gap  or  less  exposed  for  three 
or  four  seconds  will  cut  out  very  delicate 
fans. 

Errors  of  interpretation  are  the  most  diffi- 
cult to  overcome.  Nothing  can  overcome  this, 
but  a  knowledge  of  the  normal  lung  anatomy 
and  the  normal  lung  densities  will  greatly  re- 
duce the  errors.  (Miller^  and  Dunham.") 

At  this  point  I  wish  to  state  that  a  delicate 
fan  limited  to  one  apex  of  an  adult  should  be 
noted  and  described,  but  should  not  be  diag- 
nosed as  pulmonary  tuberculosis,  because  it  is 
probably  due  to  other  etiological  factors.  Let 
us  look  at  the  reason.  The  lesion,  if  in  the 
lung,  is  due  to  exudate.  It  might  be  a  pleural 
lesion  mistaken  for  a  fan.  If  due  to  tubercu- 
losis it  is  our  first  exudative  lesion,  and  it  is 
very  unusual  to  find  a  first  exudate.  Such 
patients  are  not  sick  and  seldom  consult  a 
physician,  while  patients  with  localized  pneu- 
monia due  to  acute  infections  are  usually 
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sick  or  have  troublesome  symptoms.  Thus 
you  can  differentiate  between  tuberculous 
and  apical  rales  which  persist  after  la  grippe 
and  influenza.  If  possible,  it  is  important  to 
determine  whether  such  densities  are  actually 
within  the  lung  or  in  the  pleura.  If  such  a  le- 
sion is  active  it  can  easily  be  determined  bv 
the  stethoscope.  Therefore,  the  clinician's  at- 
tention should  be  called  to  the  densitv  and  its 
character  described.  Such  lesions  when  due  to 
tuberculosis  are  easil}'  arrested  and  the  pa- 


better  chance,  because  if  one  is  due  to  tuber- 
culosis the  pulmonary  lesions  are  of  different 
ages  and  one  density  will  differ  from  the 
other.  Thus  it  is  usually  easy  to  say  definitely 
whether  one  or  more  of  these  lesions  are 
within  the  lung  tissue.  But  still  we  are  deal- 
ing with  slight  lesions  and  must  be  guarded. 
The  clinician  should  give  greater  weight  to 
such  findings,  but  we  must  be  guarded  in 
our  reports  and  frankly  acknowledge  an- 
other limitation.  Activity  in  such  a  case  is 


Fig.  I.  No.  1986. — Plates  taken  by  Coolidge  tube 
medium  focus  with  more  than  9  inch  spark,  50 
ma.,  39  inches  distance,  a  half  second  expo- 
sure on  a  seed  plate  without  screen,  of  a  light- 
framed  woman  weighing  119  pounds.  Plate  is 
normal  except  for  some  ptosis.  The  value  of  this 
technique  is  that  it  holds  the  lung  markings  equally 
well  at  apex  and  base. 

tient  should  not  be  branded  as  tuberculous. 
Such  densities  often  exist  for  life  after  an 
attack  of  pneumonia  or  empyema,  or  a  healed 
tuberculous  lesion,  and  it  is  often  impossible 
to  decide  the  clinical  significance  of  such 
densities  from  the  plates  alone.  Age  should 
always  be  considered — they  are  of  less  sig- 
nificance after  thirty.  Thus  we  have  definite 
limitations  of  the  .t'-ray  which  should  be  ac- 
knowledged and  left  to  the  decision  of  the 
clinician. 

When  both  apices  are  involved  we  have  a 


Fig.  2.  No.  1865. — Child,  age  eight.  Case  showing  few 
calcified  nodes  at  the  hilum  which  probably  indi- 
cate tuberculous  infection.  There  is  no  lesion  in  the 
lung.  This  child  has  a  tuberculous  history,  but  has 
no  physical  signs  or  symptoms.  Heart  enlarged  to 
R.  which  is  unusual. 

very  difficult  to  determine  from  the  plates. 
The  most  excusable  error  is  when  we  find 
one  or  more  old  tuberculous  fans  and  a  re- 
cent active  fan  below  this.  Such  a  lesion 
should  always  be  diagnosed  as  recently  active 
tuberculosis ;  yet  I  have  had  two  such  cases 
which  were  due  to  influenza  engrafted  upon 
an  old  tuberculous  lesion.  Such  an  error  is  on 
the  safe  side,  because  unless  this  patient  is 
treated  as  tuberculous  there  is  every  likeli- 
hood that  the  old  lesion  will  be  reactivated 
by  the  acute  process.  This  is  another  limita- 
tion. 
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Pneumonoconiosis,     acute     bronchopneu- 
monia and   maHgnancy   will  be   considered 
later. 

In  an  article  entitled  "A'-Ray  Chest  ]\Ian- 
ual"  I  covered  the  technique  and  reading  of 
;r-ray  plates.  Since  this  was  written  I  have 
developed  a  Coolidge  tube  technique  which 
I  wish  to  report,  and  I  wish  further  to  add  a 
statement  as  to  the  value  of  the  fluoroscope. 
The  fluoroscope  can  in  no  way  compare  with 
the  stereoscopic  chest  plates  in  detecting 
slight  lesions,  such  as  minimal  tuberculous 
lesions,  nor  in  studying  the  various  pathol- 
ogy of  gross  tuberculous  lesions.  Its  value 
lies  in  studying  motion.  Thus  the  movement 
of  the  diaphragm,  the  pulsation  of  the  heart 
and  the  aorta,  posterior  mediastinal  space, 
and  the  passing  of  the  barium  bolus  through 
the  esophagus  can  be  best  studied  by  the 
fluoroscope. 

A  medium  focused  universal  Coolidge 
tube,  39  inches  from  the  plate,  excited  by  40 
ma.  to  60  ma.  (with  a  9  inch  back  up  be- 
tween points,  under  full  load),  exposed  for 
a  half  second,  will  take  a  good  chest  picture 
of  a  150  pound  man  upon  seed  plates.  It  is 
necessary  to  develop  these  longer  than  the 
usual  exposure,  sometimes  as  much  as  fifteen 
minutes.  To  do  this  it  is  necessary  that  the 
chemicals  be  clean  and  the  temperature  65° 
to  68°.  (Fig.  I.) 

If  plates  are  taken  at  39  inches  they  can  be 
used  with  proper  modifications  to  determine 
the  size  of  the  heart.  Such  technique  will 
bring  out  the  lung  markings  so  clearly  that 
the  bronchus  of  the  lung  tree  can  be  studied 
readily  from  good  stereoscopic  plates. 

Before  reading  and  interpreting  lung  plates 
it  is  necessary  to  understand  the  normal 
plate,  or  rather,  the  average  plate  of  normal 
individuals  at  various  ages.  Almost  everv 
scar  and  calcified  area  within  the  lung  leaves 
a  mark  upon  the  plate,  and  as  all  adults  have 
such  areas  they  must  be  recognized  for  their 
true  value.  Thus  the  marks  of  tuberculosis 
are  almost  universally  observed  in  adults 
who  have  grown  up  in  congested  communi- 
ties. They  have  been  infected  with  tubercu- 
losis but  they  do  not  suffer  from  tuberculo- 
sis. "They  have  the  infection  but  not  the  dis- 
ease." It  is  obvious  that  a  diagnostic  proced- 


ure which  detects  and  does  not  differentiate 
such  infection  and  disease  has  little  value. 
Lesions  due  to  infections  which  have  healed 
are  probably  our  best  protection  against  pul- 
monary tuberculosis.  Calcification  at  the 
roots  of  the  lung  of  an  adult  chest,  in  which 
no  fans  can  be  demonstrated  at  the  periphery, 
should  be  considered  as  resistance  and  not 
disease.  This  truth  was  suggested  early  in  my 
investigations,  when  the  first  fifty  sets  of 
stereoscopic  chest  plates  of  healthy  "adults 
showed  much  greater  calcification  within  the 
hilum  and  much  more  thickening  and  stud- 
ding of  the  trunks  than  did  fifty  cases  suffer- 
ing with  active  pulmonary  tuberculosis  with 
which  they  were  compared. 

Therefore,  it  was  evident  from  the  very 
first  that  the  roentgen  examination  to  be  of 
value  must  differentiate  between  infections 
which  had  healed  and  which  were  a  protec- 
tion and  those  which  were  active,  had  clinical 
significance  or  limited  lung  function,  and 
were  a  danger  to  the  patient.  Here  I  wish  to 
make  the  general  statement  that  when  we 
have  definite  fans  of  increased  density  within 
the  lung,  we  are  dealing  with  a  lesion  which 
causes  loss  of  lung  function,  whether  we 
have  an  active  process  due  to  tuberculosis  or 
pneumonia  of  other  etiological  factors,  or  an 
inactive    lesion    such   as   pneumonoconiosis. 

It  is  the  characteristic  densities  of  a  fan 
that  are  pathognomonic  of  tuberculosis  and 
not  the  fan  itself.  The  fan  i-s  characteristic  of 
a  pulmonary  lesion  and  results  from  the  an- 
atomy of  and  physiology  within  the  lung, 
but  the  characteristic  tuberculous  density  re- 
sults from  the  pathology  of  tuberculosis  and 
the  tubercle  is  far  from  being  the  only 
pathology.  The  tubercle  alone,  even  the  con- 
glomerate tubercle  or  individual  areas  of 
caseous  bronchopneumonia  as  seen  upon  the 
plate,  are  not  characteristic  of  tuberculosis. 

If  we  exclude  acute  pneumonic  infections 
of  the  lung,  pulmonary  tuberculosis  is  the 
most  common  lesion  we  find.  Its  clinical  and 
pathological  manifestations  are  so  varied 
that  tuberculosis  must  be  eliminated  before 
any  other  diagnosis  can  be  substantiated. 

Therefore,  if  in  reading  chest  plates  we 
start  with  a  knowledge  of  the  chest  plates  in 
healthy  individuals  and  a  knowledge  of  the 
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chest  plates  of  the  various  forms  of  tubercu- 
losis, we  have  gone  far  in  mastering  this  diffi- 
cult subject.  No  roentgenologist  would  ex- 
pect to  read  bone  plates  without  a  careful 
study  of  the  anatomy  of  the  part  studied. 
This  preliminary  necessity  is  even  more  true 


rare,  and  such  a  diagnosis  can  only  be  made 
after  great  care.  I  have  had  8  cases  in  this 
series  of  our  10,000;  2  proved  to  be  acid- fast 
bacilli  other  than  tubercle  bacilli,  and  6  were 
due  to  old  nodes  rupturing  into  a  bronchus, 
from  which  large  numbers  of  bacilli  were 


Fig.  3.  Xo.  1770. — Child,  age  fourteen.  Extensive 
calcification  of  nodes  at  the  hilum  with  no  paren- 
chymal lesion. 


in  the  interpretation  of  chest  plates.  The 
physiology  of  the  lung,  especially  the  lymph 
flow  as  well  as  the  pathogenesis  of  tubercu- 
losis, must  be  undestood.  Where  pulmon- 
ary tuberculous  lesions  start — how  they 
spread  and  how  the  lesions  in  the  child  differ 
from  those  in  the  adult  and  how  each  is  re- 
corded upon  the  roentgen  plate — will  be 
dealt  with  under  Classification.  Here  I  wish 
to  impress  the  fundamental  truth  that  with- 
out these  preliminary  necessities  it  is  hope- 
less to  interpret  chest  plates  and  to  deduce 
from  them  the  all-important  prognosis. 

Pulmonary  tuberculosis  is  not  always  pres- 
ent when  tubercle  bacilli  are  reported  in  the 
sputum..  For  fully  ten  years  I  have  realized 
the  truth  of  this  statement,  but  have  not  had 
sufficient  proofs  to  allow  it  to  appear  in 
print  under  mv  name.  To-day  I  fearlessly 
state  the  truth.  The  proofs  are  beyond  cjues- 
tion,  but  I  hasten  to  add  that  such  cases  are 


Fig.  4.  No.  1912. — Puerile  type  of  tuberculosis  in 
child.  Massive  tuberculous  pneumonia  with  large 
caseous  nodes  at  hilum.  No  apical  lesion.  Findings 
verified  at  autopsy.  Child  colored,  age  fifteen. 


Fig.  5.  No.  1736. — Puerile  type  of  tuberculosis  found 
in  an  adult.  Massive  tuberculous  pneumonia,  left 
side,   without   apical   lesion.    Negro,    age   nineteen. 

expelled  for  a  few  days  and  then  were  found 
no  more.  No  evidence  of  lung  involvement 
was  ever  found. 
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I  cannot  say  that  these  8  cases  are  the  only 
ones  which  have  occurred,  but  they  are  the 
only  ones  which  I  have  proven. 

Many  more  cases  of  lung  stones  have  oc- 
curred, some  have  been  without  tubercle 
l^acilli  in  the  sputum  and  some  ha^'e  had 
definite  pulmonary  lesions.  These  6  had  no 
pulmonary  lesions  by  physical  examination, 
by  x-ray  examination,  or  by  subseciuent  his- 


isms,  and  an  important  group  are  those 
nodal  infections  in  which  the  pulmonary 
lesions  have  healed  but  which  later  rupture 
into  a  bronchus.  If  the  small  cavity  quickly 
drains,  the  lesion  is  soon  healed,  to  the  great 
surprise  and  chagrin  of  the  physician.  It  is 
possible  to  conceive  that  the  patient  may  be 
reinfected  by  such  a  discharge  or  that  a  cal- 
cified stone,  which  for  some  reason  of  size  or 


Fig.   6.   No.    1256. — E.   S.   Active  miliary   tuberculosis.    (Such  a  case  has  rarely  come  for  autopsy.) 


tory.  It  is  stated  over  and  over  again  that  the 
presence  of  tubercle  bacilli  in  the  sputum  is 
the  one  infallible  sign  of  pulmonary  tubercu- 
losis, and  it  is  this  broad  statement  which  I 
wish  to  challenge  by  stating  that  it  is  not  in- 
fallible, but  that  it  is  the  one  which  is  most 
nearly  infallible.  Most  errors  arise  by  im- 
proper technique  in  preparing  and  interpret- 
ing slides,  some  from  other  acid- fast  orgati- 


position  has  not  been  expelled,  may  keep  up 
cough  by  irritation.  In  these  6  cases  rein- 
fection did  not  take  place,  and  an  irritating 
cough  did  not  follow,  and  5  of  them  did 
expectorate  lung  stones.  I  would  not  have 
had  these  histories  of  lung  stones  had  I  not 
impressed  upon  the  patients  the  necessity  of 
watching  for  them. 

These  cases  were  found  bv  making:  routine 
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stereoscopic  chest  examinations  and  espe- 
cially by  studying  all  cases  with  a  clinical 
diagnosis  of  tuberculosis  which  did  not  show 
positive  evidence  of  pulmonary  tuberculosis 
upon  the  plates. 

In  the  same  manner  many  cases  of  bron- 
chiectasis are  found  as  well  as  a  few  abnor- 
mal densities  in  the  lungs  which  promptly 
clear  up  with  antisyphilitic  treatment. 

Generally  an  .r-ray  diagnosis  of  pulmon- 
ary tuberculosis  should  be  limited  to  paren- 
chymal tuberculosis  in  the  adult.  It  is  unwise 
to  read  peribronchial  tuberculosis  and  hilum 
tuberculosis  from  an  .r-ray  plate.  The  reason 
for  this  is  simple.  As  stated  above,  we  can 
seldom  determine  whether  such  densities  re- 
sult from  healed  lesions  (infection)  or  active 
lesions  (disease).  They  may  be  roughly  con- 
sidered active  in  a  child  and  healed  in  an 
adult.  They  can  never  be  considered  tubercu- 
lous without  calcification.  Heavy  trunks  and 
hilum  shadows  result  from  many  pulmonary 
infections,  and  as  all  adults  have  suffered 
from  pulmonary  infections  by  the  tubercle 
bacillus  or  some  other  organism  it  is  mani- 
fest that  all  adults  will  show  peribronchial 
thickening  and  heavy  hilum  densities.  I  know 
of  no  way  to  separate  these  groups  by  the 
.r-ray  plate,  and  I  have  lungs  which  have 
been  .r-rayed  to  determine  this  point  (Fig. 
1 1 ) .  It  is  true  that  heavy  trunks  in  the  upper 
lobes  are  often  associated  with  tuberculosis, 
but  it  is  also  true  that  if  stereoscopic  plates 
are  carefully  taken  and  carefully  read,  small 
fans  will  be  found  involving  the  linear  mark- 
ings beyond  these  trunks. 

Pathologically  peribronchial  and  hilum 
tuberculosis  exist,  but  we  have  no  way  of  de- 
ciding when  they  have  clinical  significance 
or  when  the  densities  are  caused  by  infection 
other  than  tuberculosis. 

I  have  not  found  the  use  of  such  distinc- 
tions necessary  to  check  plate  readings  with 
clinical  and  pathological  studies  and  conclude 
that  when  unaccompanied  with  fans  peri- 
bronchial thickening  in  the  adult  has  little 
clinical  significance,  and  should  not  be  de- 
scribed in  the  report.  Its  greatest  use.  as  I 
have  seen  it.  has  been  to  furnish  a  loophole 
for  the   roentgenologist.   Thickened  trunks 


and  heavy  hilum  densities  may  be  valuable  in 
reading  the  plates  of  children,  but  only  as  a 
study,  not  as  a  final  diagnosis. 

Heavy  trunks  and  heavy  hilum  shadows 
containing  definite  caseous  or  calcareous 
areas  in  children's  plates,  according  to  my 
present  knowledge,  may  be  considered  tu- 
berculous, but  I  am  unwilling  to  go  farther 
unless  they  show  definite  fans  and  can  be 
classed  as  adult  tuberculosis. 

There  is  a  peculiar  calcified  area  seen  in 
the  hikmi  which  has  clinical  significance. 
This  I  have  termed  a  caseocalcareous  node. 


Fig.  7.   No.  302. — Healed  miliary  tuberculosis. 

Upon  the  plate  it  has  the  density  of  calcium. 
It  is  usually  quite  large  and  can  be  seen  to 
be  made  up  of  many  small  flakes  of  calcium 
rather  than  one  stone.  Upon  section  we  find 
a  soft  caseous  center  containing  microscopic 
calcium  and  large,  hard  flakes  of  calcium 
around  the  periphery.  Such  lesions  I  have 
never  found  to  be  healed  and  they  should 
always  be  considered  as  potential  foci  of 
infection. 

AN    X-RAY    CLASSIFICATION    OF    PULMONARY 
TUBERCULOSIS 

The  lung  with  its  pathology  is  regarded  as 
a  whole  adaptable  to  classification,  especially 
to  ^-ray  work. 

I.  Adult  Tuberculosis: 

Syn.  Secondary  tuberculosis, 
Nodose  tuberculosis, 
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Apical  tuberculosis, 
Chronic  fibroid  tuberculosis, 
Tuberculosis  in  the  sensitized  patient. 

(a)  Apical  fibroid  tuberculosis.  (Fig.  8.) 
Earliest    findings    in    localized    tuberculous 

pneumonia ;  if  lesion  extends,  chronic  fibroid 
tuberculosis  develops.  (Fig.  9.) 

(b)  Gelatinous  and  caseous  bronchopneu- 
monia with  apical  lesions,  (Fig.  10.) 

(c)  Lobar  caseous  pneumonia  with  apical 
lesions.   (Fig.  10.) 

(d)  Fibrous  pleurisy^ — pleural  exudate. 

2.  Puerile  or  Primitive  Tuberculosis: 
Syn.  Childhood  tuberculosis, 

Tt;berculosis    in    the    non-sensitized 

patient. 
Focal  tuberculosis. 

(a)  Primary  lesion  and  tuberculous  nodes. 

(Figs.  2,  3.) 

(b)  A-Iiliary  tuberculosis.  (Fig.  6.) 

(c)  Basal  tuberculosis.  (Eig.  .5.) 

(d)  Tuberculous  caseous  broncho-  and  lo- 
bar pneumonia  (without  apical  le- 
sions). (Fig.  5.) 

(e)  Caseous  pleurisy. 

There  have  been  so  many  classifications 
of  tuberculosis  that  to-day  there  can  be  only 
two  excuses  for  attempting  a  new  one — 
either  that  the  writer  may  frankly  express  the 
limitations  of  his  knowledge,  which  means 
his  ignorance,  or  that  by  such  a  sacrifice  he 
may  help  someone  struggling  with  the  prob- 
lem of  the  disease.  I  have  hesitated  many 
years  before  presenting  this  classification.  It 
has  been  of  help  to  me  and  my  associates, 
and  I  finally  formally  present  it  to  this  So- 
ciety. Its  value  lies  in  the  description  of  the 
peculiar  densities  which  are  associated  with 
each  type  seen  upon  the  plate ;  the  separation 
of  the  disease  into  the  peurile  and  adult 
types,  which  has  been  so  clearly  presented  bv 
Opie,^  also  in  emphasizing  that  these  types 
are  dependent  upon  the  resistances  of  the 
economy,  which  differ  greatly  in  the  child  and 
the  adult.  These  are  partially  and  indefinitelv 
suggested  by  differences  in  the  lymphatic 
system,  hypersensitiveness  and  immunity. 

At  the  very  beginning  of  my  work  it  was 
found  that  there  were  great  differences  be- 
tw^een  the  plates  of  tuberculous  children  and 
tuberculous  adults.     It  was  a  great  satisfac- 


tion when  in  1917  Opie  proved  that  this  dif- 
ference was  due  to  anatomical  differences. 
This  confirmed  my  unpublished  work  which 
showed  that  differences  in  the  plates  were 
due  to  differing  lesions  and  not  to  imperfect 
.r-ray  technicjue. 

It  has  been  shown  by  Krause*  that  the  tu- 
bercle bacillus  grows  very  differently  in  sen- 
sitized and  non-sensitized  animals,  and  Col. 
Bushnell  has  brought  a  mass  of  evidence  to 
prove  that  this  holds  good  in  man.  He  has 
also  shown  that  non-sensitized  adults  of  the 
aboriginal  races  suffer  like  children,  and  I 
have  often  seen  children  whose  resistance 
was  so  great  that  they  had  definite  fibroid 
fans  containing  well  walled-off  cavities. 

It  is,  therefore,  evident  that  age  is  only  a 
partial  factor,  and  that  immunity  or  hyper- 
sensitiveness plays  a  part.  The  only  method 
known  of  raising  immunity  is  by  inoculating 
an  animal  with  the  living  tubercle  bacillus. 
This  has  been  done  repeatedly  by  Webb, 
Krause  and  others  in  animals,  and  in  con- 
gested communities  all  children  receive  it 
without  expense — too  often  an  overdose  is 
administered.  Thus  before  a  child  is  ten  he 
is  usually  sensitized,  and  has  acquired  a  de- 
gree of  immunity,  and  we  may  expect  the 
characteristic  adult  fan  lesions. 

It  is  true  that  we  have  the  adult  lesions  in 
children  and  that  w^e  have  peurile  lesions  in 
the  adult.  Either  of  these  transformation 
types  argues  a  grave  prognosis.  Adult  le- 
sions in  the  child,  unless  very  slight,  argue  a 
far  advanced  disease ;  and  the  puerile  type  in 
the  adult  argues  little  resistance  unless  it  is 
healed. 

The  differentiating  roentgen  characteristic 
of  such  lesions  is  the  tuberculous  fan.  These 
are  found  constantly  in  the  adult  type,  and  I 
wish  here  again  to  describe  them  because 
they  have  been  so  frequently  misunderstood. 
Allow  me  to  repeat.  The  fan  is  not  necessar- 
ily a  characteristic  of  tuberculosis.  It  is  a 
characteristic  of  a  limited  lung  lesion.  It  is 
dependent  upon  the  septa  of  the  lung  which 
are  arranged  so  as  to  divide  the  lung  into 
numerous  cones  or  triangular  pyramids. 
These  limit  the  extent  of  many  lung  lesions 
as  effectively  as  the  lobe  limits  lobar  pneu- 
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monia.  They  form  the  secondan-  lobules  of 
the  lung.  When  a  lesion  with  differentiating 
density  develops  within  one  or  a  number  of 
secondary  lobules  it  may  be  recognized  upon 
the  plate.  Such  lesions  are  found  in  lobular 
pneumonia,  pneumonoconiosis,  infarct  and 
tuberculosis.  The  pathognomonic  tuberculous 
lesion  is  found  w4ien  we  have  two  or  more 


the  bronchus.  The  septa  are  prolongations  of 
the  pleura  into  the  lung  and  they  prevent  the 
spread  of  the  lesion  beyond  their  boundaries 
because  they  carry  the  lymph  flow  away 
from  the  adjacent  lobules,  and  barring  cavi- 
tation the  tubercle  does  not  pass  over  this 
boundary.  The  lesion  may  invade  the  adjoin- 
ing lobule,  but  it  does  not  pass  through  the 


Fig.  8.  No.  1075. — Adult  type  of  tuberculosis  showing 
definite  "open"  active  apical  fans  involving  ver- 
tebral first  interspace  trunk  of  upper  right  and 
second  interspace  trunk  of  upper  left. 

A.  Right  vertebral  trunk. 

B.  Right  first  interspace  trtmk. 

C.  Right  second  interspace  trunk. 

D.  Left  second  interspace  trunk. 


of  these  fans  of  differing  density  (Fig.  9). 
These  densities  may  vary  from  a  coarse  in- 
terweaving to  a  faint  cloud,  to  fine  or  coarse 
studding  or  to  a  complete  blotting  out  of  the 
lung  structure.  In  advanced  lesions  the  nov- 
ice is  unable  to  make  out  the  fans,  but  they 
can  usually  be  seen  if  the  plates  are  carefully 
studied.  Usually  tuberculous  fans  form  first 
in  the  upper  part  of  the  upper  lobes. 

I  believe  that  I  can  amplify  this  truth  if  I 
digress  and  explain  why  tuberculous  fans  are 
of  differing  densities,  how  and  why  they  dif- 
fer from  some  other  lesions  and  emphasize 
that  primarily  they  are  small  and  lie  close  to 
the  periphery. 

The  early  adult  lesion  is  small  because  tu- 
berculosis spreads  very  little  by  continuity 
but  by  the  lymph-stream  and  later  through 


Fig.  9.   Xo.    197. — Adult  type  of  tuberculosis  having 
definite  fans  of  different  densities. 

A.  Old  lesion  involving  left  first  interspace  trunk. 

B.  Recently  active  lesion  involving  left  first  in- 

terspace trunk. 

C.  Active  lesion  involving  right  first  interspace 

trunk. 

septa.  In  a  sensitized  animal  such  as  a  man 
there  is  great  exudation  at  the  point  of  infec- 
tion which  floods  this  small  compartment  of 
the  lung,  but  this  does  not  spread  beyond  the 
boundary  unless  it  goes  down  one  bronchus 
and  up  another  and  floods  another  lobule. 
Thus,  the  early  fans  are  usually  small  and 
their  size  is  dependent  upon  the  amount  of 
exudate.  I  do  not  know  why  these  fans 
should  be  so  near  the  pleura,  but  they  are 
found  both  upon  the  plate  and  upon  section. 
Certainly  the  lymphatics  must  play  a  great 
part  in  this.  Possibly  these  infections  near  the 
center  and  roots  of  the  lungs  have  better 
lymph  drainage.  The  densities  of  these  fans 
differ  because  they  are  of  differing  ages,  and 
the  various  pathological  lesions,  such  a  fibro- 
sis, caseation,  calcification  and  exudation 
indicate  stages  of  development.  The  former 
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will  be  presented  by  various  degrees  of 
clouds  and  studdings;  the  latter  by  a  very 
delicate  cloud.  Thus  localized,  apical  pneu- 
monia as  seen  after  influenza  may  simulate 
the  latter,  but  could  not  the  former. 

Malignant  tumors,  especially  secondary 
sarcomata,  spread  through  the  lymphatics  ex- 
actly as  does  tuberculosis,  but  they  have  no 


Fig.  10.  No.  587.- — Adult  type  of  tul)crculosis  with  old 
lesion  ih  left  apex  and  heavy  caseous  broncho- 
pneumonia in  lower  part  of  the  upper  lobe  and 
scattered  throughout  entire  lower  left  lobe. 

special  affinity  for  the  apices  and  they  are 
not  restricted  by  the  septa.  They  spread 
very  rapidly  by  continuity;  thus  secondary 
sarcomata  often  appear  as  spheres  of  in- 
creased density  (Fig.  17).  We  may  have  a 
case  of  carcinoma  which  produces  a  mot- 
tling verv  much  like  caseous  bronchopneu- 
monia, but  there  are  no  apical  fans 
(Fig.  16).  If  such  a  plate  was  caused  by 
tuberculosis,  then  it  would  be  classified  under 
the  puerile  type,  and  we  would  look  for  a 
man  who  had  been  raised  and  had  lived  the 
greater  part  of  his  life  in  a  sparsely  settled 
countrv.  The  caseous  pleurisies  which  are 
found  in  army  hospitals  often  simulate  ma- 
lignancy. 

Thus,  the  slow  growth  of  the  tubercle, 
the  restraining  influence  of  the  septa,  the  ex- 
udate around  infections  in  sensitized  animals, 
the  lymph  drainage,  the  location  of  the  le- 
sion, produce  characteristic  densities  which 


can  be  accurately  diagnosed  in  fully  95  per 
cent  of  all  cases  of  adult  tuberculosis  if 
doubtful  cases  are  excluded. 

Thus  I  have  presented  the  early  and  char- 
acteristic ,r-ray  lesion  of  the  most  common 
form  of  tuberculosis — the  fan — and  I  have 
tried  to  explain  why  the  fan.  But  the  fan 
does  not  embrace  all  the  lesions  of  tubercu- 
losis even  as  seen  upon  the  .^-ray  plate  as 
found  in  adult  tuberculosis,  and  the  apical 
fan  is  never  found  in  puerile  tuberculosis. 

Let  us  now  consider  briefly  the  remaining 
types  of  adult  tuberculosis  and  study  their 
densities  and  distribution  within  the  lung. 

Here  I  wish  to  state  that  chronic  fibroid 
tuberculosis  is  the  result  of  many  tubercles, 
many  tuberculous  exudates  and  many  fibroid 
protective  reactions. 

Before  going  further  let  me  quote  from 
the  lecture  of  Dr.  Bunting.  "There  are  just 
three  lesions  in  the  tuberculous  lung:  Tuber- 
cle, exudate  and  fibroid  protective  reaction." 
The  tubercle  may  have  three  densities :  early 
tubercle,  caseation,  calcification.  Exudate 
may  have  three  densities;  serous  exudate, 
cellular  (caseous)  exudate,  calcification 
where  encapsulated.  When  caseation  breaks 
down  we  have  a  cavity  with  decreased  den- 
sity. The  fibroid  protective  reaction  gives  a 
density  in  proportion  to  the  fibroid  tissue 
produced,  modified  by  its  age.  The  degree  of 
density  of  the  various  tuberculous  lesions 
progresses  in  the  following  order.  Cavity; 
serous  exudate,  early  tubercle;  fibrous  tis- 
sue; caseation;  calcification. 

After  the  apical  lesion  the  most  common 
lesion  of  adult  tuberculosis  is  caseous  bron- 
chopneumonia. Its  ;i:-ray  density  is  a  coarse 
flocculent  mottling  (Fig.  10.)  It  is  associated 
with  old  apical  lesions,  usually  containing 
cavities.  It  invades  the  low^er  and  middle 
lobes  and  the  lower  part  of  the  upper  lobes, 
and  sometimes  the  apex  opposite  to  an  old 
lesion.  It  frequently  can  be  seen  scattered 
along  a  branch  of  the  main  stem  bronchus 
suggesting  raisins  upon  a  stem.  It  may  be- 
come confluent  and  produce  pseudo-lobar 
caseous  pneumonia.  Then  it  takes  on  a  fan 
shape.  It  is  probably  caused  by  aspirating 
droplets  of  sputum  containing  large  numbers 
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of  virulent  tubercle  bacilli  into  primary  lob- 
ules. 

The  size  of  these  densities  varies  greatly 
even  in  the  same  individual,  but  to  a  greater 
extent  in  different  individuals.  Sometimes 
they  are  so  small  as  to  suggest  miliary  lesions 
and  again  they  appear  as  a  filbert. 

When  the  .r-ray  picture  is  hazy  and  the 


more  extensive  the  lesion  the  more  grave 
the  prognosis.  Caseous  bronchopneumonia 
must  be  differentiated  from  acute  broncho- 
pneumonia. The  latter  lesions  are  usually 
much  less  dense  and  they  are  not  associated 
with  large  apical  lesions.  Also  the  cases  of 
caseous  pleurisy  found  in  the  puerile  classifi- 
cation have   similar  lung-  densities  without 


Fig.  II.  No.  1096. — K.  S.  Illustrates  heavy  trunks,  "peribronchial  thickening"  most  marked  in  the 
upper  left  lobe,  without  tuberculosis.  Infarct  is  seen  in  lower  right  lobe  in  area  6.  (Num- 
bers indicate  sites  of  blocks  removed  for  microscopic  sections.) 


lung  appears  as  seen  through  a  snowstorm, 
we  are  dealing  with  an  acute  active  lesion  or 
hemorrhage.  Thus,  when  we  see  the  picture 
of  finely  mottled  caseous  bronchopneumonia 
as  through  a  snowstorm,  we  may  suspect 
that  we  have  gelatinous  tuberculous  broncho- 
pneumonia or  caseous  bronchopneumonia 
complicated  with  an  acute  pneumonia.  Case- 
ous tuberculous  bronchopneumonia  may  ex- 
ist over  a  large  area  without  causing  any 
signs  or  symptoms,  but  always  suggests  a 
grave  prognosis.   The  more  acute  and  the 


apical  lesions.  Malignancy  also  must  at  times 
be  differentiated,  but  here  again  we  do  not 
have  apical  lesions.  Always  we  have  the  clini- 
cal picture,  the  history  and  physical  signs  to 
help  to  solve  these  knotty  problems,  and  the 
roentgenologist  has  only  to  describe  definite- 
ly and  locate  the  abnormal  densities  with  or 
without  large  apical  tuberculous  lesions,  to 
give  the  clinician  his  all-important  clue. 

Lobar  caseous  pneumonia  occurs  in  both 
adult  and  puerile  types,  but  old  apical  lesions 
are  associated  with  the  adult  type.  It  is  fan- 
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shaped  and  may  involve  a  lung  or  part  of  a 
lung.  Its  size  and  degree  of  density  depend 
upon  the  number  of  secondary  lobules  in- 
volved. The  character  of  the  density  is  homo- 
geneous and  may  be  found  in  any  part  of  the 
lung.  Such  lesions  break  down  and  cavitate 
rapidly.  It  is  the  predominant  lesion  in  "has- 
ty consumption"  which  precedes  cavitation. 


Fig.  12.  Xq.  1653. — Massive  lesion,  prol)al)ly  the  re- 
sult of  syphilis  hecause  of  presence  of  4  plus 
Wasscrmann.  Sputum  was  negative  for  tubercle 
bacilli  on  numerous  examinations  and  the  density 
disappeared  with  injections  of  salvarsan. 

Large  areas  of  the  lung  may  be  so  involved 
for  months  without  causing  severe  symp- 
toms. The  principal  sign  is  flatness.  The 
prognosis  is  desperate,  for  this  lesion  will 
surely  break  down  and  rapidly  cavitate.  It  is 
called  hasty  consumption  because,  although 
the  lesions  may  have  existed  for  some  time, 
it  is  often  only  recognized  shortly  before 
death.  The  .r-ray  densities  of  early  cases 
must  be  differentiated  from  unresolved 
pneumonia  and  pneumonoconiosis,  and  the 
history  is  our  best  aid.  Later  the  diagnosis 
from  the  .r-ray  plates  or  sputum  presents  no 
difficulties,  but  the  clinician  must  ever  be  on 
his  guard.  Acute  tuberculous  pneumonia 
with  fever  simulating  frank  pneumonia 
gives  a  similar  .r-ray  picture  with  less  dens- 
ity, and  the  roentgenologist  may  be  as  easil\- 
fooled  as  the  clinician  if  we  are  dealing  with 
a  puerile  tvpe  without  apical  lesions;  but  if 


we  have  a  definite  apical  lesion  the  roentgen 
examination  suggests  the  diagnosis. 

Fibrous  pleurisy  and  pleural  effusion  are 
frequently  associated  with  pulmonary  tuber- 
culosis. They  will  not  be  discussed  in  this 
paper  except  to  say  that  a  small  amount  of 
caseation  is  frequently  found  in  fibroid 
pleurisy  of  the  adult  type,  and  to  call  atten- 
tion to  the  very  different  lesions  which  will 
be  described  under  the  puerile  type. 

I  have  now  reached  the  puerile  type  in 
this  classification  and  repeat  that  it  is  not 
found  with  apical  fans,  and  that  its  classi- 
fication is  based  upon  a  study  of  the  entire 
lung  field. 

The  early  puerile  lesion  as  seen  upon  an 
.r-ray  plate  shows  a  heavy  trunk  and  large 
hilum  shadows  with  possibly  a  small  cap  at 
or  near  the  distal  end  of  the  trunk.  Such  foci 
are  usually  seen  within  the  midlung  zone. 
Sometimes  enlarged  pulmonary  or  bronchial 
nodes  are  seen  (Figs.  2,  3).  L^nfortunately 
such  a  picture  may  be  obtained  following 
many  diseases,  and  I  know  of  no  roentgen 
markings  which  are  sufficiently  character- 
istic to  justify  a  diagnosis  of  tuberculosis 
from  these  .r-ray  densities.  Opie  and  Gohn® 
have  carefully  described  these  lesions.  When 
healed  and  calcification  has  developed  they 
are  easily  recognized,  but  that  is  usually  long 
after  their  clinical  significance  has  passed. 
Thus,  so  far  as  I  know,  primary  and  nodal 
lesions  in  a  child  cannot  be-  recognized  from 
the  plate  unless  they  contain  calcification. 

Acute  miliary  tuberculosis  deserves 
special  consideration.  I  have  classified  it  with 
the  puerile  types  without  fans,  but  realize 
that  it  does  occur  at  the  end  of  the  disease 
as  well,  and  then  usually  with  fans.  I  believe 
that  it  is  the  result  of  lack  of  immunity  or 
the  loss  of  immunity.  Thus  we  find  it  asso- 
ciated with  old  healed  lesions  in  which  I 
believe  the  immunity  has  been  lost,  and  with- 
out such  lesions  I  presume  we  have  never 
had  much  if  any  immunity.  I  have  specimens 
of  miliary  tuberculosis  without  old  lesions 
from  cases  over  twenty  years  of  age,  but 
class  them  in  the  puerile  type. 

The  .i--ray  picture  is  that  of  fine  studdings 
more  or  less  evenly  distributed  throughout 
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all  lobes  (Fig.  6).  Such  a  picture  is  very 
characteristic,  but  not  pathognomonic,  for 
some  such  plates  cannot  be  differentiated 
from  pneumonoconiosis,  and  we  must  again 
consider  age,  clinical  picture,  and  history. 
Only  at  the  end  of  the  disease  will  the  physi- 
cal signs  help.  Many  cases  of  healed  miliary 
tuberculosis  are  being  found  by  our  more 
general  use  of  the  .;r-ray  (Fig.  7).  This  diag- 


the  roentgenologist  to  locate  and  describe 
the  lesion  and  leave  the  diagnosis  to  the 
clinician.  Basal  lesions  must  be  differentiated 
from  lung  abscess  and  unresolved  pneu- 
monia. The  clinical  symptoms  wmII  usually 
differentiate  it  from  lung  gangrene.  The 
prognosis  is  grave,  but  cases  recover. 

The  puerile  types  of  caseous  lobar  and 
lobular   tuberculous   pneumonia  only   differ 


Fig.  13.  No.  1325. — Massive  lesions  due  to  unre- 
solved pneumonia  of  influenza  which  clearel  up 
slowlj^  This  must  lie  differentiated  from  massive 
lesions  of  syphilis.  In  this  case  there  was  no  syphi- 
litic history  and  patient  received  no  salvarsan. 

nosis  is  only  justified  when  the  subject  is 
well,  has  had  no  exposures  to  pneumono- 
coniosis and  the  calcifications  can  be  defi- 
nitely determined  within  some  of  the  tuber- 
cles as  seen  upon  the  plate.  The  prognosis 
of  miliary  tuberculosis  is  very  grave  but 
cases  do  recover.  Basal  tuberculous  lesions 
are  rare.  They  do  exist,  and  as  they  are  most 
common  in  children  and  have  no  apical  fans. 
I  have  classed  them  with  the  puerile  types. 
They  are  pneumonic  in  character  arid  some- 
times have  the  bronchopneumonic  distribu- 
tion around  their  edge,  but  I  have  never  seen 
the  raisin  on  a  stem  distribution.  They  are 
very  difficult  to  diagnose  and  I  always  wait 
for  the  bacillus  to  be  found  before  making  a 
definite  diagnosis.  This  is  a  definite  limita- 
tion and  reduces  the  percentage  of  correct 
diagnosis,  but  it  is  safe.  It  is  much  better  for 


Fig.  14.  No.  1325.- 
massive  lesion  of 
cleared. 


Four     months     later.     Shows 
im  resolved    pneumonia     now 


from  the  adult  type  by  the  absence  of  apical 
lesions  (Figs.  4,  5).  The  prognosis  is  very 
grave  or  desperate  in  either  type,  and  length 
of  life  depends  most  upon  the  extent  of  the 
lesion. 

Caseous  pleurisy  like  miliar^•  tuberculo- 
sis may  occur  in  individuals  over  twenty.  I 
believe  that  it  results  from  lack  of  immun- 
ity. The  ,r-ray  picture  is  that  of  empyema 
associated  with  caseous  bronchopneumonia 
without  apical  fans.  There  are  various  de- 
grees of  caseation  within  the  pleura  associ- 
ated with  fibroid  pleurisy.  In  the  adult  type 
caseation  is  rare.  In  the  puerile  type  casea- 
tion predominates.  I  have  seen  solid  cheesy 
masses  at  the  apex  and  base  which  measured 
5  cm.  in  thickness.  The  extent  to  which  the 
parietal  pleura  is  involved  is  most  extra- 
ordinary. The  end  is  invariably  fatal  and 
rapid,  but  the  patient  neither  feels  nor  looks 
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sick.  Usually,  if  the  chest  is  tapped,  a  little 
fluid  is  removed,  but  when  aspirated  a  sec- 
ond time  little  is  found. 

The  greatest  helps  I  receive  from  this 
classification  are  prognosis  and  the  differ- 
entiation of  tuberculosis  from  other  diseases 
— whence,  intelligent  treatment.  X-ray  classi- 
fications have  been  given  by  Cole,'^,  Brown,® 
Waters,"  and  Heise.^°  They  each  have  value, 


THE  DIFFERENTIAL  DIAGNOSIS  OF  A  FEW 
DISEASES  WHICH,  OWING  TO  THEIR 
COMMON  OCCURRENCE,  MUST  RECEIVE 
SPECIAL     CONSIDERATION 

The  first  of  these  is  syphilis  of  the  lung. 
That  such  lesions  are  not  uncommon  is  the 
belief  of  every  clinician.  Every  large  .r-ray 
clinic  can  show  cases  with  massive  increased 


Fig.   15.  No.   1313. — Bronchiectasis  in  right  base. 

but  they  do  not  help  me  with  prognosis  nor 
with  pathological  differentiation.  They  all 
deal  with  the  extent  of  the  lesions.  This  is 
most  important  after  we  have  definitely  de- 
termined the  pathological  character  of  the 
lesions.  An  old  well  walled-off  fibroid  lesion 
will  always  be  a  handicap,  but  such  patients 
often  live  long,  to  die  of  other  diseases, 
whereas  a  small  pneumonic  fan  of  active 
tuberculosis  which  is  only  seen  upon  the 
plates  with  difficulty  usually  causes  an  early 
death  unless  brought  to  immediate  arrest  by 
the  utmost  care. 

Again,  one  entire  upper  lobe  may  be  so 
contracted  by  scar  tissue  as  to  lie  above  the 
second  rib  in  front  and  the  third  dorsal  spine 
behind,  and  although  a  whole  upper  lobe  is 
destroyed  it  would  be  classed  as  only  mod- 
erately advanced.  I  know  that  this  classifica- 
tion is  neither  perfect  nor  complete,  but  even 
in  its  present  form  it  has  been  of  great  hel[) 
and  has  enabled  us  to  clear  up  many  diffi- 
cult problems. 


Fig.     16.    No.    230. — Primary    carcinoma    of 
Proven  by  autopsy. 


lungs. 


densities  which  have  cleared  up  under  anti- 
syphilitic  treatment  (Fig.  13).  It  has  always 
been  my  belief  that  tuberculosis  was  often 
complicated  by  syphilis  and  that  both  roent- 
genologically  and  pathologijcally  the  tubercu- 
lous lesions  obscured  the  syphilitic  infection. 
In  my  judgment  this  subject  can  never  be 
closed  until  someone  has  demonstrated  the 
presence  or  absence  of  the  spirochete  in  the 
tissue.  But,  however  that  may  be,  we  have 
dense  lung  lesions  partially  simulating  tuber- 
culosis upon  the  plates  which  clear  up  won- 
derfully with  salvarsan.  Therefore,  when 
we  have  an  undiagnosed  density  within  the 
chest,  syphilis  should  be  thought  of.  To  find 
these  densities,  routine  .r-ray  examinations 
are  necessary. 

I  have  previously  called  attention  to  the 
frequency  with  which  heart  lesions,  es- 
pecially mitral  stenosis,  may  simulate  pul- 
monary tuberculosis,  and  wish  to  state  that 
no    examination    of    the    lung    is   complete 
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without  a  heart  examination  and  stereoscop- 
ic x-ray  plates. 

Pneumonoconiosis  is  deservedly  receiving 
more  and  more  attention  all  the  time.  There 
are  two  main  forms  of  this — organic  dust, 
and  inorganic  dust.  The  latter  frequently 
suggests  miliary  tuberculosis  and  later  in 
the   disease  may  produce  massive   fans   of 


greatest  value  of  the  routme  .r-ray  examma- 
tion  lies  in  its  ability  to  yield  definite  data 
in  the  absence  of  definite  physical  signs. 

Dr.  John  Skavlem  has  been  associated 
with  me  in  a  large  part  of  this  research,  and 
I  am  especially  indebted  to  him  for  arrang- 
ing the  illustrations  and  covering  the  bib- 
liography. 


Fig.   17.  No.  918. — Melanotic  sarcoma  of  lung.  Proven  by  autopsy. 


great  density,  while  organic  dust  produces 
large  fans  simulating  pneumonia.  Often  the 
history  and  clinical  condition  of  such  pa- 
tients must  be  ascertained  before  making  a 
diagnosis. 

Pulmonary  infarct  may  closely  simulate 
tuberculosis,  especially  the  basal  lesions,  and 
must  always  be  considered. 

Finally,  this  review  of  over  10,000  chest 
examinations  shows  the  need  for  more  gen- 
eral use  of  the  A--ray  in  studying  the  lungs. 
In  tuberculosis  clinics  this  examination 
should  be  routine,  and  if  it  were  more  used 
in  our  general  hospitals  it  would  not  be  long 
before  many  problems,  such  as  syphilis  of  the 
lung,  would  be  more  fully  understood.  The 
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DISCUSSION    OF   ARTICLES   RY   DRS.    JARVIS* 
AND   DUNHAM 

Dr.  H.  K.  Pancoast.  This  is  a  subject  in 
which  I  have  been  very  much  interested  for  a 
number  of  years,  and  we  have  had  the  privi- 
lege of  examining-  several  hundred  cases  of 
pneumoconiosis,  the  examinations  including 
six  or  eight  observations.  This  demonstration 
has  been  particularly  interesting  to  me  because 
of  the  class  of  patients  involved,  and  becau'^e 
the  appearances  have  been  dififerent  from  those 
observed  in  any  other  dust  inhalation  I  have 
seen.  One  must  understand  the  pathology  of 
this  condition  in  order  to  interpret  the  roent- 
gen findings.  The  consensus  of  opinion  seems 
*  A  roentgen  study  of  dust  inhalation  in  the  gran- 
ite industry.  D.  C.  jarvis,  m.d.  Am.  J.  Roentgenol., 
May,  1921,  p.  244. 


to  be  that  the  roentgen  findings  are  due  to  two 
important  things :  the  acute  irritation  resulting 
from  the  presence  of  dust  and  the  appearances 
that  may  follow  that,  and  then  the  appear- 
ances which  follow  the  end  result  of  fibrosis. 

The  condition  of  pneumonoconiosis  is  essen- 
tially one  of  fibrosis.  I  never  have  seen  the 
appearances  show  so  markedly  as  they  have  in 
these  plates  exhibited  this  morning.  We  have 
examined  more  potters  than  any  other  class  of 
men,  and  they  show  more  changes  in  their 
lungs  than  any  other  class  I  have  seen,  except 
the  hard  rock  miners.  We  have  examined  those 
potters  while  still  in  the  potter  work,  and  I 
have  examined  potters  who  have  not  worked 
for  several  years  on  account  of  disability  from 
the  so-called  "potters'  asthma."  They  do  not 
change  in  any  respect.  The  appearances  are 
always  the  same.  Unfortunate!}-  we  have  never 
examined  stonecutters,  but  I  imagine  the  ordi- 
nary stonecutter  would  show  very  much  these 
same  changes  unless  possibly  their  work  is 
more  handwork  and  they  do  not  use  the  electric 
drill  so  much.  The  appearances,  of  course,  de- 
pend on  the  inorganic  dust.  The  organic  dust 
does  not  produce  changes  of  any  kind. 

It  is  interesting  to  note  the  prevalence  of 
tuberculosis  in  these  cases.  Dr.  Jarvis  did  not 
say  much  about  tuberculosis  in  connection  with 
the  granite-workers  in  the  cases  we  have  just 
seen.  Potters,  asbestos-workers  and  metal- 
grinders  all  show  marked  changes,  but  tuber- 
culosis does  not  seem  to  exist  in  the  same  per- 
centage of  cases  as  in  ordinary  individuals. 
We  do  not  know  why  it  is  unless  because  of 
the  production  of  fibrosis  ;  .but  it  is  a  well- 
known  fact  that  in  the  hard  rock  miners,  that 
is,  the  coal  miners  in  South  Africa  and  the 
copper  miners  of  the  Southwest,  tuberculosis 
is  more  prevalent.  This  is  brought  out  by  the 
Public  Health  Bureau,  I  believe.  I  have  had 
the  opportunity  of  going  over  a  large  number 
of  their  plates,  and  tuberculosis  is  more  preva- 
lent among  these  workers  than  in  the  average 
run  of  individuals,  and  it  runs  a  rather  acute 
course.  This  does  not  seem  to  be  particularly 
due  to  hygienic  surroundings,  or  lack  of  them. 
We  believe  there  is  something  about  the  char- 
acter of  the  dust  which  has  some  influence 
over  the  susceptibility  to  disease;  and  I  im- 
agine tuberculosis  is  more  frequent  in  granite- 
cutters  than  in  ordinary  individuals. 

Dr.  Jarvis.  No,  we  found  it  less  prevalent. 
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Dr.  Pancoast.  Is  that  so?  At  any  rate,  'n 
the  copper  miners  of  the  West  and  the  coal 
miners  of  South  Africa,  it  is  quite  prevalent. 

We  have  always  found,  with  very  few  ex- 
ceptions, that  the  beginnings  of  the  second 
stage  of  pneumoconiosis,  that  is,  the  mottled 
appearance,  starts  on  the  right  side,  around 
the  central  portion  of  the  lung.  We  have  al- 
ways taken  this  to  be  due  to  mechanical 
causes,  that  is,  more  air  goes  into  the  right 
lung,  the  right  bronchus  is  larger,  and  the  dust 
particles,  of  course,  are  more  profusely  dis- 
tributed. It  is  certainly  interesting  to  see  the 
distribution  you  have  in  these  cases,  and  par- 
ticularly as  it  is  due,  as  I  think  you  said,  to 
the  suppression  of  breathing  in  certain  areas 
from  pressure  from  the  electric  drill.  This  is, 
of  course,  another  mechanical  factor,  and  one 
can  readily  understand  how  certain  areas  of 
the  lung  might  receive  more  dust  than  others 
because  of  such  factors. 

Dr.  Percy  Brown.  Many  years  ago,  before 
I  entered  the  roentgenologic  field,  I  had  oc- 
casion to  make  a  series  of  visitations  and  sta- 
tistical observations  for  an  insurance  company 
upon  the  question  of  pulmonary  tuberculosis 
as  between  the  dry-cutters  (the  granite-cut- 
ters) and  the  wet-cutters,  or  free-stone  cutters. 
My  comparative  observations  were  made  more 
in  Massachusetts  in  the  area  of  Quincy  than 
in  the  Vermont  area.  Those  observations, 
crude  as  they  probably  were,  tended  markedly 
to  show  a  great  increase  in  final  mortality  in 
those  who  worked  free-stone  in  the  wet 
process  than  those  who  worked  in  granite.  In 
those  days,  at  least,  most  of  the  free-stone 
cutters  or  that  portion  of  the  free-stone  in- 
dustry whch  I  observed,  was  shipped  from 
Maine  to  Boston,  and  the  cutting  was  done 
by  hand  rather  than  by  machine,  as  I  imagine 
it  is  done  now.  I  should  like  to  ask  Dr.  Jarvis 
if  he  has,  by  chance,  made  any  comparative 
observations  among  dry-stone  and  wet-stone 
cutters. 

Dr.  George  C.  Johnston.  I  was  very  much 
interested  in  the  remarkable  recovery  of  some 
of  these  men,  that  is  the  change  in  the  appear- 
ance. I  shall  be  very,  very  careful  in  the  future 
about  making  diagnoses  of  pulmonary  car- 
cinoma until  I  have  made  inquiries  as  to 
whether  the  patient  is  a  granite-cutter,  or 
rather  I  won't  ask  him,  I  will  just  look  at  his 
hands,  and  see  whether  or  not  he  is  a  hard 


rock  worker,  because  I  cannot  tell,  and  I  will 
have  some  fun  with  any  of  you  who  think 
you  can  differentiate  between  early  pulmonary 
carcinoma  and  some  of  those  plates  of  Dr. 
Jarvis',  because  you  can't  do  it. 

The  reason  these  men  do  not  suffer  from 
pulmonary  tuberculosis  when  they  get  their 
lungs  full  of  this  dust  is  because  of  the  fibrosis 
which  follows.  If  these  men  were  working  in 
the  depths  of  the  earth,  in  the  damp  atmos- 
phere, at  a  high  altitude,  as  the  hard  rock  mi- 
ners do,  they  doubtless  would  develop  tubercu- 
losis, too ;  and  as  for  the  copper  miners,  if  any 
of  you  have  ever  been  in  a  copper  mine,  you 
will  know  that  they  ought  to  wear  a  diving 
suit.  That  is  probably  the  reason  why  the  hard 
rock  miners  of  the  West  suffer  from  tubercu- 
losis where  the  granite-workers  do  not. 

Another  reason  why  these  men  do  not  de- 
velop tuberculosis  is  because  the  sole  defense 
of  the  human  organism  of  the  lung  against 
tuberculosis  is  the  fibrotic  change  produced. 
It  would  almost  seem  that  the  ideal  way  to 
cure  a  man  of  tuberculosis  would  be  to  get  him 
a  job  as  a  granite-cutter.  When  I  am  asked  to 
give  an  opinion  in  the  prognosis  of  a  case  of 
tuberculosis,  I  can  give  a  very  fair  one,  and  get 
away  with  it  every  time  and  base  my  opinion 
as  to  his  reaction  to  his  disease  on  the  amount 
of  fibrotic  tissue  present.  We  can  have  a  lung 
riddled  from  top  to  bottom  with  cavities  and 
caseations  and  no  fibrosis  in  that  lung,  and  I 
know  the  case  is  hopeless,  whereas  the  entire 
lung  can  be  riddled  with  cavities,  etc.,  but 
showing  an  extensive  fibrosis,  and  I  know  that 
patient  will  probably  live  long  enough  to  infect 
and  kill  everybody  in  his  vicinity. 

Dr.  Carlos  Heuser.  In  Buenos  Aires  we  see 
many  cases  similar  to  these  in  people  who  work 
in  grain — alfalfa,  wheat,  rye,  etc.,  who  carry 
the  grain  in  from  the  fields  in  sacks  on  their 
backs.  They  are  constantly  breathing  the  dust 
from  this  grain.  In  many  cases,  small  particles 
of  the  grain  are  inhaled  into  the  lung,  and 
after  fifteen  or  twenty  days,  a  small  abscess 
develops,  and  many  of  them  die. 

Dr.  Kennon  Dunham.  I  don't  know  any- 
thing that  has  been  more  interesting  to  me 
than  this  work  of  Dr.  Jarvis'.  It  has  been 
my  privilege  to  go  over  a  great  many,  in  fact, 
practically  all,  of  his  plates.  I  want  to  say  that 
while  he  comes  to  us  as  a  rank  outsider,  he 
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certainly  brings  us  something  of  the  utmost 
value.  As  Dr.  Johnston  said  just  now,  I  will 
defy  any  of  you  to  differentiate  some  of  those 
lesions  from  carcinoma  or  sarcoma  of  the  lung, 
and  I  will  defy  any  of  you  to  take  some  of 
those  plates  and  differentiate  them  from  pul- 
monary tuberculosis.  Nothing  have  I  seen 
which  is  so  striking  as  the  plates  which  the 
Doctor  has  brought  to  us  at  this  time.  If  you 
can  persuade  him  to  show  them  all  to  you,  you 
will  not  go  away  without  learning  something. 
Remember  he  is  not  an  .ar-ray  man — he  is  just 
an  eye,  nose  and  throat  man,  but  he  is  living 
with  a  great  problem  in  front  of  him  day  after 
day.  His  friends  are  down  with  this  disease. 
And  he  has  come  forward  with  these  plates 
and  other  examinations  and  shown  that  w^hat 
was  thought  to  be  tuberculosis  is  probably 
not  tuberculosis  at  all,  and  the  dreaded  tuber- 
culosis in  these  men  is  not  to  be  feared  to  any 
great  extent — probably  not  so  many,  as  Dr. 
Pancoast  found  in  his  experience,  as  are  dying 
of  tuberculosis  in  other  communities. 

Now  let  us  take  up  the  question  of  the  dust. 
It  has  been  said  that  organic  dust  does  not 
leave  any  lesion.  Certainly  it  leaves  no  lesion 
comparable  to  the  ones  we  have  just  seen,  but 
as  our  friend  has  said  with  regard  to  the 
alfalfa  and  other  grains,  they  do  give  trouble 
in  the  lung,  but  the  lesions  are  entirely  differ- 
ent. They  do  not  produce  lesions  simulating 
these  ribrotic  changes,  and  we  must  learn  to 
divide  these  pulmonary  dust  infections  from 
the  organic  dust,  from  those  caused  by  in- 
organic dust. 

Now,  there  is  something  peculiar  about  this 
granite  dust  that  is  different  from  anything 
I  have  seen.  The  anthracite  coal  gives  an  en- 
tirely different  lesion,  as  one  of  our  members 
has  enabled  me  to  learn.  That  particular  lung 
we  have  sectioned,  and  found  that  the  fibrosis 
was  limited  to  small  areas,  and  those  plates 
simulated  pulmonary  tuberculosis.  The  loca- 
tions of  these  fibrotic  areas  are  exactly  where 
we  believe  tuberculosis  begins,  that  is,  in  the 
lymphatic  tissue  of  the  lung,  and  in  the 
crotches  of  the  bronchi  and  vessels,  just  where 


we  find  pulmonary  tuberculosis.  The  pathology 
which  underlies  these  cases  which  you  have 
seen  to-day  must  be  very  unusual,  because  of 
the  catarrhal  conditions  which  are  produced, 
and  the  fibrotic  conditions  which  are  found 
there  afterwards.  I  think  you  have  in  that  dis- 
appearance— which  is  a  most  wonderful 
thing — an  effort  by  the  bronchi  to  get  rid  of 
this  frothy  expectoration,  but  the  lymphatics 
must  take  care  of  the  rest,  so  we  have  this 
movable  density  which  comes  and  goes,  which 
is  different  from  anything  any  of  us,  so  far 
as  I  am  aware,  have  seen  before.  It  leaves 
the  old  fibrotic  changes  to  stay  there  forever. 
All  of  the  plates  were  not  presented  to  you 
by  Dr.  Jarvis  for  lack  of  time,  but  I  am  sure 
that  he  will  be  glad  to  demonstrate  them  to 
any  of  you  who  will  see  him,  and  some  of 
them  are  almost  identical  with  the  changes 
of  tuberculosis. 


Dr.  Wm.  H.  Stewart.  I  am  wondering 
whether  Dr.  Jarvis'  paper  does  not  answer  the 
questions  of  some  of  the  discussions  on  my 
paper,  viz.,  that  if  granite  dust  in  such  quan- 
tities can  remain  thirty  years  in  the  lung  and 
produce  only  a  fibrosis,  why  a  small  amount  of 
bismuth  cannot  remain  in  the  lung  without 
doing  any  harm? 

Dr.  Jarvis.  I  am  very  thankful  for  the  way 
in  which  this  paper  has  been  received.  In  reply 
to  Dr.  Brown,  I  have  never  made  any  com- 
parative examinations.  My  geographic  location 
is  such  that  I  do  not  come  in  contact  with  these 
wet-workers. 

Dr.  Stewart,  when  I  read  your  title,  I  said, 
"Of  course,  that  is  possible." 

These  densities,  we  think,  are  composed  of 
three  factors,  one  constant  and  two  incon- 
stant. The  constant  is  the  residual  fibrosis. 
The  first  inconstant  is  the  dust  which  is  moved 
on  by  the  lymphatics,  and  the  second  incon- 
stant is  what  we  call  the  edema.  The  edema 
disappears  after  a  time,  but  the  residual 
fibrosis  will  alwavs  show. 


GUNSHOT  INJURIES  TO  THE  BRAIN 
REPORT  OF  ELEVEN  CASES  WITH  SPECIAL  REFERENCE  TO  THE 
ROENTGEN  LOCALIZATION  FINDINGS* 

By  HAROLD  SWANBERG,  b.sc,  m.d. 

Roentgenologist  to  St.  Mary's  Hospital,  Quincy,  III. ;   Formerly  Captain  M.C.,  U.S.A.,  and  Roentgenologist 
U.S.A.  General   Hospital  No.  28,  Fort  Sheridan,   Illinois. 

QUINCY,    ILLINOIS 


T  IVING  cases  of  foreign  bodies  in  the 
•*-^  brain  are  so  infrequent  that  the  author 
feels  that  those  which  passed  through  our 
large  military  hospitals  during  the  late  war 
should  not  go  unreported.  The  medical  liter- 
ature is  scant  on  the  end  results  of  groups  of 
patients  who  have  been  observed  for  many 
months  after  the  initial  trauma.  Twelve  such 
cases  passed  through  U.  S.  A.  General  Hos- 
pital No.  28,  Fort  Sheridan,  111.,  from  the 
time  of  its  opening  as  a  general  hospital  in 
the  late  fall  of  1918  until  the  early  fall  of 
1919,  when  the  writer  was  discharged.  He 
has  been  able  to  follow  up  eleven  of  them, 
and  It  now  averages  a  little  more  than  a 
year  and  a  half  since  these  patients  received 
their  trauma. 

Before  proceeding  with  a  history  of  the 
individual  cases,  a  few  words  as  to  the 
roentgen  method  used  to  localize  the  foreign 
bodies  might  prove  interesting. 

Due  to  the  great  density  of  the  skull, 
fluoroscopic  localization  methods  to  deter- 
mine the  depth  of  small  foreign  bodies  are 
frequently  difficult.  Although  the  writer  has 
used  the  Strohl  method  and  the  simple  tube- 
shift  fluoroscopic  method,  in  some  of  the 
cases  more  satisfactory  results  were  ob- 
tained with  the  old  tube-shift  plate  method. 
With  this  method  lateral  and  postero-anter- 
ior  plates  were  first  made  and  then  the  for- 
eign body  located  under  the  fluoroscopy  a 
mark  being  placed  upon  both  sides  of  the 
head  opposite  the  foreign  body.  In  each  case 
the  foreign  body  was  located  from  both 
sides  of  the  head,  and  of  course  in  the  cen- 
tral ray.  Following  this,  the  diameter  of  the 
head  opposite  the  foreign  body  was  obtained 
by  means  of  calipers.  Then  the  depth  of  the 


foreign  body  was  determined  by  the  tube- 
shift  plate  method,  great  care  being  taken  to 
have  the  part  of  the  head  which  was  marked 
as  being  opposite  the  foreign  body  in  con- 
tact with  the  plate.  Since  the  depth  of  the 
foreign  body  was  localized  from  both  sides 
of  the  head,  and  the  diameter  of  that  portion 
of  the  head  had  already  been  determined,  it 
was  easy  to  have  an  accurate  check  as  to  the 
correctness  of  the  localization  findings. 

Having  obtained  the  depth  of  the  foreign 
bodv  beneath  the  skin,  and  wishing  to  ascer- 
tain its  anatomical  location,  the   following 
method  was  pursued.  The  postero-anterior 
and   lateral  diameters   of  the  head  having 
been  obtained    with   calipers,    a   teleoroent- 
genogram  of  the  head  (tube  plate  distance  6 
to  7  feet)   was  then  made,  the  side  of  the 
head    containing    the    foreign    body    being 
nearest  the  plate.  Such  a  plate  shows  a  mini- 
mum amount  of  distortion,  the  head  appear- 
ing approximately  normal  in  size  if  the  7 
foot   distance    is    selected.    The    anatomical 
localization  is  then  completed  by  a  compara- 
tive study  with  the  sections  of  the  Eycles- 
hymer-Shoemaker  Cross  Section  Anatomy. 
(In  this  atlas  all  the  head  sections  are  shown 
as  two-fifths  the  natural  size.  Key-Figure  2 
of  the  Atlas  contains  a  lateral  view  of  the 
head  which  compares  very  favorably  with  a 
teleoroentgenogram  of  this  part.)  A  line  is 
drawn  on  the  teleoroentgenogram  to  repre- 
sent Reid's  base  line  (from  the  lower  margin 
of  the  orbit  to  center  of  the  external  meatus 
acusticus).This  corresponds  to  a  similar  line, 
known  as  Section  10  in  the  Atlas.  Another 
line  is  then  drawn  on  the  teleoroentgeno- 
gram, perpendicular  to  Reid's  base  line,  pass- 
ing through  the  foreign  body.  The  distance 


'Thesis  presented  with  application  for  membership  in  The  A.merican  Roentgen  Ray  Society. 

445 


446 


Gunshot  Injuries  to  the  Brain 


this  perpendicular  line  extends  from  the  line 
representing  Reid's  base  line  to  the  foreign 
body  is  measured.  The  distance  is  also  meas- 
ured on  Reid's  base  line  between  the  exter- 
nal meatus  acusticus  and  the  point  where  the 
perpendicular  line  begins.  Having  obtained 
these  measurements,  they  are  compared  with 
similar  measurements  on  Key-Figure  2  of 
the  Cross  Section  Anatomy,  but  since  these 
sections  are  onlv  four-fifths  the  natural  size, 


on  the  section.  The  foreign  body  then  lies  in 
a  plane  at  right  angles  to  this  and  we  merely 
measure  ojff  its  depth  beneath  the  skin  sur- 
face at  this  level,  which  gives  its  approxi- 
mate anatomical  location. 

The  foregoing  method  may  appear  quite 
cumbersome,  but  each  step  mentioned  is  ab- 
solutely necessary  if  accurate  deductions  are 
to  be  made.  The  head  being  oval  in  shape 
makes   localization   methods   more   difficult 
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Fig.  I.  Square  Centimeter  Scale  for  Eycleshymer-Shoemaker  Cross  Sectio)i  Anatomy. 


a  proportionate  reduction  must  be  made. 
This  is  entirely  overcome  by  drawing  a  scale 
on  an  .t'-ray  film  and  then  fixing  it  without 
developing.  This  gives  a  transparent  cellu- 
loid scale  that  is  very  convenient.  The  scale 
is  so  drawn  that  each  square  is  8  mm.  in  size, 
one  such  square  corresponding  to  each  centi- 
meter. Having  obtained  the  location  of  the 
foreign  body  on  Key-Figure  2  of  the  Cross 
Section  Anatomy,  and  noting  the  distance  it 
is  on  this  figure  from  either  the  anterior  or 
posterior  extremity  of  the  head  (which  of 
course  will  be  in  the  median  plane),  we  now 
turn  to  that  plate  of  the  Atlas  w^hich  shows 
a  transverse  section  of  the  head  at  that  par- 
ticular level. 

We  already  know  the  distance  the  foreign 
body  is  from  either  the  anterior  or  posterior 
extremity  of  the  head  at  the  level  of  the 
median  plane.  This  distance  is  measured  off 


than  when  flat  surfaces  alone  are  considered. 
Due  allowance  must  be  made  if  the  size  of 
the  head  is  much  larger  or  smaller  than  that 
of  the  average  size.  However,  since  the  size 
of  the  head  in  the  Atlas  is  known  and  that 
of  the  patient  has  been  determined  by  the 
calipers  and  teleoroentgenogram,  little  dif- 
ficulty is  noted.  In  the  writer's  personal  ex- 
perience, the  diameter  of  the  twelve  adult 
male  heads  examined  did  not  vary  over  1.5 
centimeters  at  the  most.  A  description  of  the 
individual  cases  follows ; 

Case  I.  Admitted  to  hospital  February 
17,  1 91 9,  suffering  from  acute  cellulitis  of 
the  right  hand  due  to  striking  guardhouse 
door  while  under  arrest  for  intoxication. 

White;  age  twenty-one;  weight  155 
pounds ;  occupation,  machinist  before  enter- 
ing the  service.  On  February  22,   191 8,  in 
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civil  service,  he  was  shot  in  the  head  by  a  22 
caHber  revolver;  he  immediately  became  un- 
conscious, but  in  a  few  minutes  recovered 
and  walked  to  the  hospital  with  a  friend. 
Two  weeks  after  entering  the  hospital  he 
was  operated  upon,  but  the  bullet  was  not 
found.  Since  being  shot  the  only  difference 
he  has  noted  in  himself  is  that  he  has  not 
been  so  active,  is  not  so  pugilistically  in- 
clined and  has  occasional  attacks  of  vertigo. 

LATERAL  CEt^EBf^AL  SuLtuS 


was  negative.  The  family  history  was  neg- 
ative. 

Roentgen  Findings,  April  jo,  i(?ip. — 
There  is  a  circular  bony  defect  about  2  cm. 
in  diameter  situated  in  the  s(|uamous  part  of 
the  right  temporal  bone  about  3  cm.  anter- 
ior and  2.5  cm.  superior  to  the  external 
meatus  acusticus. 

There  is  an  irregular  shaped  metal  frag- 
ment, about    I   X   }i   X   y2   cm.  in  diameter 

CEKTftAL  SVbCUS 


Reid's  base  une 
i^EtTlO*/  to) 


Fig.  2.  Showing  the  location  of  the  foreign  l.odies  in  lateral  view  of  the  skull.  The  number  of  the 
case  is  marked  at  the  site  of  the  foreign  body  and  the  plane  in  which  it  lies  as  shown  in  the 
Cross  Section  Anatomy  is  illustrated  by  the  transverse  lines  which  are  numbered  and  called 
sections. 


Upon  examination  a  semilunar  shaped 
scar  was  present  in  the  right  temporal  region 
about  4  cm.  anterior  and  superior  to  the  ex- 
ternal meatus  acusticus.  Immediately  below 
the  scar  a  distinct  small  depression  was  felt 
which  pulsated.  The  right  supratrochlear 
and  axillary  glands  were  enlarged  and  the 
right  hand  presented  an  acute  cellulitis. 
Other   than   this   the   physical   examination 


situated  8  cm.  vertically  beneath  the  skin 
marks  on  the  right  and  left  sides  of  the  head 
with  the  head  in  a  true  lateral  position,  pa- 
tient lying  on  his  side.  It  is  therefore  in  the 
mid-sagittal  plane.  It  is  situated  1.5  cm.  post- 
erior and  6.5  cm.  superior  to  the  external 
meatus  acusticus,  Reid's  base  line  being 
taken  as  a  guide  to  these  measurements.  The 
anatomical   localization   corresponds  to   the 
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superior  part  of  the  splenium  of  the  corpus 
callosum,  probably  projecting  into  the  longi- 
tudinal fissure.  Some  metallic  dust  is  seen  at 
the  lower  margin  of  the  bony  defect  and  in 
the  brain  substance  in  the  path  to  the  large 
metal  fragment.  It  is  situated  opposite  the 
lower  central  part  of  the  parietal  bone 
about  I  cm.  above  the  sc^uamosal  suture.  The 
location  corresponds  to  Section  5  of  the  Eyc- 
leshymer-Shoemaker  Cross  Section  Anato- 
my, being  7.5  cm.  from  the  posterior  surface 
in  the  median  line. 

Comment. — The  interesting  point  con- 
cerning this  case  is  the  absence  of  anv  symp- 
toms for  fifteen  months  after  the  onset.  The 
patient  states  that  he  never  had  any  paral}-sis 
following  the  injury.  It  is  clearly  evident 
that  the  bullet  passed  through  the  entire 
right  temporal  lobe  to  reach  its  present  loca- 
tion, yet  it  has  not  caused  any  symptoms,  ex- 
cept for  the  initial  trauma.  The  patient 
wanted  to  have  it  removed,  but  his  reasons 
were  purely  psychological.  Due  to  the  ex- 
treme depth  of  the  foreign  body,  removal 
was  not  attempted.  He  was  observed  for  two 
months  and  was  finally  discharged  from  the 
service  in  May,  191 9,  due  to  repeated 
drunkenness  and  absence  without  leave. 
Mentally  he  appeared  somewhat  dull  and 
possessed  with  little  will  power,  but  it  is 
doubtful  if  the  foreign  body  had  anything  to 
do  with  this.  His  education  included  six 
months  of  high  school  work. 

In  a  letter  received  from  this  patient  dated 
March  15,  1920,  he  gave  a  history  of  two 
distinct  Jacksonian  convulsions,  one  in  Mav, 
1919,  and  the  other  a  few  days  before  writ- 
ing the  letter.  He  also  stated  that  at  times  he 
had  vertigo,  complained  of  a  strange  feeling 
in  his  head,  as  if  it  were  full,  and  said  that 
at  these  times  he  could  not  judge  distance 
very  well.  This  case  is  verv  interesting  in 
that  the  patient  after  having  had  practically 
no  symptoms  from  his  foreign  bodv  for  fif- 
teen months  developed  a  Jacksonian  convul- 
sion, which  again  developed  ten  months 
later. 

Case  II.  Admitted  to  hospital,  April  3, 
191 9,    suffering    from   gunshot    wounds    of 


head  and  both  legs,  having  been  transferred 
from  over-seas. 

White;  age  twenty-seven;  weight  162 
pounds;  occupation,  machinist  before  enter- 
ing service.  On  September  28,  1918,  was  in- 
flicted with  multiple  wounds  at  Verdun.  Fol- 
lowing a  gunshot  wound  of  the  head  re- 
ceived at  this  time,  he  suffered  from  a  com- 
plete right  hemiplegia.  He  had  nearly  entire- 
ly recovered  from  this  and  the  only  symp- 
tom at  the  time  of  admission  was  slight 
weakness  of  the  right  arm. 

Upon  admission  his  general  condition  was 
good.  There  was  a  small  depression  in  the 
anterior  part  of  the  left  parietal  region,  4.5 
cm.  from  the  sagittal  suture.  This  was  cov- 
ered by  a  scar.  There  was  also  an  old  pene- 
trating gunshot  wound  of  the  right  leg,  re- 
sulting in  a  fracture  of  the  lower  third  of  the 
tibia,  which  was  healed  and  in  good  position, 
and  an  old  gunshot  wound  of  the  upper  third 
of  the  left  leg  which  was  healed.  The  family 
history  was  negative,  but  the  soldier  gave  an 
alcoholic  history. 

Neurological  Findings,  May  i,  ipip. — ■ 
"Right-sided  hemiparesis  with  reflex  changes 
incident  to  pyramidal  tract  involvement  of 
the  left  hemisphere ;  gives  history  of  an 
aphasia;  slight  word-memory  loss;  is  de- 
pressed over  fact  that  he  only  received  20  per 
cent  disability,  and  has  marked  emotional  in- 
stability ;  otherwise  no  mental  condition  was 
found."  (The  final  diagnosis  of  the  Ward 
Surgeon  was:  Gunshot  wound  left  parie- 
tal region  with  fracture  of  the  skull;  slight 
depression ;  healed.  Gunshot  wounds  of  right 
and  left  legs  were  also  described.)  Patient 
was  discharged  May  14,  1919. 

Roentgen  Findings,  April  p,  ipip. — There 
is  an  oval-shaped  bony  defect  about  1,5  cm. 
in  its  greatest  diameter,  in  the  anterior-su- 
perior portion  of  the  left  parietal  bone,  about 
5  cm.  from  the  median  line.  There  is  some 
increased  bone  production  at  the  lower 
margin  of  the  bony  defect. 

There  is  an  irregular-shaped  metal  frag- 
ment, about  I  X  ^  X  ^4  cm.  in  diameter, 
situated  5.2  cm.  vertically  beneath  the  skin 
mark  on  the  right  side  of  head,  the  patient 
Iving-  on  his  left  side  with  head  in  a  true  lat- 
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eral  position.  The  surface  markings  corres- 
pond to  the  posterior-inferior  angle  of  the 
right  parietal  bone  immediately  above  the 
asterion,  being  2.3  cm.  superior  and  5.7  cm. 
posterior  to  the  external  meatus  acusticus, 
Reid's  base  line  being  taken  as  a  guide  to 
these  measurements. 

The  anatomical  localization  is  deep  in  the 
lingual  gyrus  of  the  right  occipital  lobe.  A 
very  small  metal  fragment  i  mm.  in  diame- 
ter is  seen  in  the  brain  on  the  left  side 
near  the  bony  defect  in  the  path  to  the  large 
metal  fragment.  The  location  of  the  large 
metal  fragment  corresponds  to  Section  y'  of 
the  Eycleshymer-Shoemaker  Cross  Section 
Anatomy,  being  4.75  cm.  from  posterior 
surface  and  5.2  cm.  from  the  lateral  side. 

Comment. — This  case  is  interesting  in 
that  the  metal  fragment  passed  through  the 
left  parietal  lobe  to  reach  its  location  in  the 
right  occipital  lobe.  It  is  apparently  causing 
no  symptoms  in  its  present  location:  the 
symptoms  that  were  produced  were  due  to 
the  damage  inflicted  to  the  motor  area  on 
the  left  side  at  the  seat  of  entrance. 

The  last  heard  from  this  patient  was  on 
April  12,  1920,  at  which  time  he  complained 
of  paresis  in  the  right  side  together  with 
some  paresthesia.  Although  no  Jacksonian 
attacks  have  been  evident,  he  says,  he  fre- 
quently complains  of  great  pains  in  his  head. 
He  also  has  vertigo  at  times  and  his  general 
health  is  not  good.  In  regard  to  his  eyesight, 
he  states:  "Not  very  good,  and  tears  run  out 
of  my  eyes  and  I  get  dizzy."  It  would  be  in- 
teresting to  know  more  definitely  concerning 
the  eyesight,  for  the  location  of  the  foreign 
body  is  in  one  of  the  visual  receptive  cen- 
ters. 

Case  III.  Admitted  to  hospital  December 
25,  191 8,  suffering  from  gunshot  wounds 
of  the  head  and  right  thigh. 

White ;  age  twenty-seven ;  occupation, 
tailor  before  entering  service.  On  October 
5,  1918,  he  received  multiple  wounds  of  the 
head  and  right  thigh  from  a  high  explosive 
shell.  He  was  unconscious  for  three  days 
following  the  trauma,  during  which  time  his 
head  was  operated  upon,  and  a  metal  frag- 


ment was  removed  from  the  thigh.  Upon 
regaining  consciousness,  the  left  arm  and 
left  side  of  face  were  entirely  paralyzed. 
The  left  leg  was  not  affected.  Both  face  and 
arm  have  been  gradually  improving  and  he 
has  always  been  able  to  talk.  Mentally  he 
was  not  affected,  except  by  a  slight  loss  of 
memory  at  times. 

Upon  admission  his  general  condition  was 
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good ;  there  was  a  large  oval  depression  in 
the  upper  part  of  the  forehead  on  the  right 
side  which  pulsates ;  there  was  an  opera- 
tive scar  beginning  2  cm.  to  left  of  median 
line  in  frontal  region  and  3  cm.  above  supra- 
orbital margin.  It  extends  circularly  upward 
to  end  3  cm.  to  the  right  of  the  median 
line.  A  depression  is  present  which  pulsates. 
The  depression  begins  4  cm.  above  the  right 
supra-orbital  region  and  extends  to  the  me- 
dian line.  There  was  a  mild  degree  of  left 
facial  paralysis  with  spastic  paresis  of  left 
arm.   Mentally  he  appeared  clear. 
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Xeuvological  Exainination,  March  6, 
1(^19- — "There  is  some  paralysis  of  left 
hand ;  can  move  all  muscles  of  forearm  hut 
extension  of  fingers  and  rotation  is  slow 
and  difficult.  Reflexes  spastic  and  some 
atroph}^  of  pronators,  though  nutrition  of 
arm  is  otherwise  good.  Conclusion:  There  is 
some  thickening  of  membranes  over  right 
prefrontal  area  which  is  gradually  soften- 
ing." 

This  patient  was  difficult  to  handle.  He 
was  frequently  absent  without  leave.  His 
paralysis  improved  very  much.  He  had  sev- 
eral Jacksonian  attacks.  No  attempt  was 
made  to  remove  the  foreign  bodies,  because 
of  their  depth.  On  May  ii,  1919,  a  bone 
transplant  from  the  tibia  was  made  to  fill 
the  defect  of  the  skull.  This  was  very  suc- 
cessful. 

Roentgen  Findings,  January  18,  ipig. — 
There  is  a  somewhat  circular-shaped  bony 
defect,  about  3.5  cm.  in  diameter,  in  the 
middle  portion  of  the  sc|uamous  part  of  the 
frontal  bone  on  the  right  side,  extending  to 
the  mid-sagittal  plane.  Some  bony  attempt 
to  close  the  gap  is  present. 

An  irregular-shaped  metal  fragment  about 
I  x  I  X  14  cm.  in  diameter  is  seen,  situated 
6.6  cm.  vertically  beneath  the  skin  mark  on 
the  right  side  of  the  upper  portion  of  the 
head,  the  patient  lying  on  his  side  with  the 
head  in  a  true  lateral  position.  The  surface 
markings  correspond  to  the  lower  central 
portion  of  the  right  parietal  bone,  being  3.25 
cm.  posterior  and  6  cm.  superior  to  the  ex- 
ternal meatus  acusticus,  Reid's  base  line 
being  taken  as  a  guide  to  these  measure- 
ments. The  anatomical  localization  is  in  the 
posterior  part  of  the  precuneus  of  the  right 
parietal  lobe,  about  i  cm.  from  the  mid- 
sagittal  plane.  The  location  corresponds  to 
Section  5  of  the  Eycleshymer-Shoemaker 
Cross  Section  Anatomy,  being  5.5  cm.  from 
the  posterior  surface  and  6.6  cm.  from  the 
lateral  side. 

Another  irregular-shaped  metal  fragment, 
about  %  X  ^  X  34  cm.  in  diameter,  is  seen 
situated  5.2  cm.  vertically  beneath  the  skin 
mark  on  the  right  side  of  the  lower  part  of 
the  head,  the  patient  lying  on  his  side  with 


head  in  a  true  lateral  positic:)n.  The  surface 
markings  correspond  to  the  anterior  part  of 
the  squamous  portion  of  the  right  temporal 
bone,  (»pposite  the  sella  turcica,  being  about 
3  cm.  anterior  and  2  cm.  superior  to  the  ex- 
ternal meatus  acusticus,  Reid's  base  line  be- 
ing taken  as  a  guide  to  these  measurements. 
The  anatomical  localization  is  deep  in  the 
right  temporal  lobe,  opposite  the  middle 
temporal  gyrus  and   anterior  to  the  lower 
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Figure  4. 

part  of  the  inferior  horn  of  the  lateral  ven- 
tricle. 

The  location  of  the  foreign  bodv  corres- 
ponds to  Section  8',  Eycleshymer-Shoe- 
maker Cross  Section.  .Inafoniy.  being  11.5 
cm.  from  posterior  surface  and  5.2  cm.  from 
the  lateral  side. 

Comments. — Both  foreign  bodies  passed 
through  the  right  frontal  lobe  to  reach  their 
present  situation  in  the  right  parietal  and 
temporal  lobes  respectivelv. 

On  April  19,  1920,  the  patient  reported 
that  his  left  arm  was  still  paralyzed  and  that 
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he  has  had  light  Jacksonian  convulsions  once 
a  month  in  spite  of  constant  bromide  medica- 
tion. He  stated  that  he  tired  very  easily  and 
could  not  stand  excitement. 

Case  IV  .Admitted  to  the  hospital  April 
13,  1919,  suffering  from  a  gunshot  wound 
of  the  head,  having  been  transferred  from 
Camp  Sherman. 
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Figure  5. 


White;  age,  twenty- four;  weight  160 
pounds;  occupation,  school-teacher  before 
entering  service.  On  October  5,  1918,  at 
Verdun,  he  was  hit  in  the  left  side  of  the 
skull  by  high  explosive.  He  did  not  become 
unconscious  but  developed  a  right  hemi- 
plegia. He  was  operated  upon  shortly  after 
and  several  metal  fragments  were  removed 
from  the  wound,  but  the  wound  continued 
to  drain.  He  was  transferred  from  over- 
seas to  Camp  Sherman,  and  on  January  12, 
1919,  developed  his  first  attack  of  epilepsy. 
He  was  operated  upon  January  21,  191 9,  to 
secure    better    drainaefe.    Two    weeks    after 


the  operation  he  had  another  attack  and  in 
five  more  weeks  still  another.  On  April  2d 
another  operation  was  made,  a  piece  of  ab- 
dominal fat  being  transplanted  to  relieve 
brain  irritation  and  dural  adhesions.  During 
this  time  the  paralysis  of  the  leg  and  face 
gradually  improved,  but  the  arm  showed 
little  improvement. 

He  was  admitted  on  a  litter,  his  general 
condition  being  good.  There  was  some  dis- 
turbance in  speech  and  a  loss  of  bone  sub- 
stance in  the  superior  part  of  the  left  parietal 
region  which  was  draining  slightly.  A  right 
hemiplegia  was  present,  which  had  improved 
greatly  except  the  arm.  A  mild  infection  was 
present  on  the  abdomen  where  the  fat  trans- 
plant had  been  removed. 

Neurological  Findings. — "Deep  reflexes 
increased  on  the  right  side,  exhaustible  ankle 
clonus ;  Babinski  on  right ;  cremasteric  reflex 
diminished  upon  the  right;  pupils  normal; 
moderate  spacticity  and  paresis  of  right  side 
of  face,  arm  and  leg.  There  are  practically 
all  movements  possible,  but  weak  apraxia 
and  astereognosis  upon  the  right  side  is 
present.  Can  write  with  the  left  hand  but 
misspells  words.  Slight  association  aphasia. 
No  defect  in  visual  field.  No  cranial  nerve 
palsy.  Jacksonian  fits,  beginning  in  right 
hand.  Diagnosis:  Cerebral  lesion  in  left  Ro- 
landic  area  with  diffuse  lesion  subcortical. 
If  foreign  body  seems  infected  would  re- 
move; otherwise  advise  large  doses  of 
bromides." 

Roentgen  Findings,  April  16,  iprg. — 
There  is  an  oval-shaped  bony  defect  about 
3.5  cm.  by  2  cm.  in  diameter,  on  the  left 
side  in  the  situation  of  the  coronal  suture, 
1.5  cm.  from  the  median  line.  The  defect 
involves  portions  of  both  the  anterior  border 
of  left  parietal  and  posterior  part  of  the 
squamous  portion  of  left  side  of  the  frontal 
bone. 

There  is  an  irregular-shaped  metal  frag- 
ment, about  I  ^  x  ^  X  ^  cm.  in  diameter, 
situated  6.6  cm.  vertically  beneath  the  skin 
mark  on  the  left  side  of  the  head,  the  patient 
lying  on  his  right  side  with  the  head  in  a  true 
lateral  position.  The  surface  marking  cor- 
responds to  the  anterior  central  portion  of 
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the  left  parietal  bone,  being  1.2  cm.  an- 
terior and  7.8  cm.  superior  to  the  external 
meatus  acusticus,  Reid's  base  line  being 
taken  as  a  guide  to  these  measurements.  The 
metal  fragment  is  below  and  slightly  medial 
to  the  posterior  part  of  the  bony  defect, 
being  about  i  cm.  from  the  mid-sagittal 
plane.  The  anatomical  localization  is  in  the 
para-central  lobule  of  the  left  frontal  lobe. 
Several  distinct  small  bony  seciuestra  are 
seen  in  the  brain  substance  leading  to  the 
foreign  body,  and  at  least  two  sequestra  are 
seen  2  cm.  anterior  to  the  same.  The  location 
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of  the  metal  fragment  corresponds  to  Sec- 
tion 3'  of  the  Eycleshymer-Shoemaker  Cross 
Section  Anatomy,  being  8.5  cm.  from  the 
posterior  surface  and  6.6  cm.  from  the  lat- 
eral side.  The  patient's  epilepsy  continued 
to  grow  worse  and  another  operation  was 
decided  upon.  On  May  6,  191 9,  the  foreign 
body  together  with  6  small  sequestra  were 
removed,  but  the  patient  died  three  days  later 
from  an  acute  suppurative  meningitis,  fol- 
lowing infection  of  the  ventricles  at  the  time 
of  operation. 


Case  V.  Admitted  to  hospital  May  19, 
1 919,  suffering  from  a  gunshot  wound  of 
the  head,  having  been  transferred  from  Fort 
Des  Moines. 

White;  age  twenty;  weight  145  pounds; 
farmer  before  entering  the  service.  On  Sep- 
tember 17,  1 91 8,  he  was  shot  in  back  of 
head  and  buttock  while  trying  to  escape 
from  Fort  Leavenworth.  He  was  uncon- 
scious for  ten  days.  Following  this  his  right 
arm  was  paralyzed.  There  has  been  an 
almost  continuous  thumping  sensation  in  the 
occipital  region  with  occasional  headaches. 

Upon  admission  his  general  condition  was 
good.  There  was  a  scar  in  the  lower  right 
occipital  region,  2  cm.  to  the  right  of  the 
median  line  on  a  plane  with  the  foramen 
magnum.  A  disturbance  of  speech  was  pres- 
ent. The  general  physical  examination  was 
negative  except  for  the  following  neuro- 
logical findings: 

Neurological  Findings.  —  "Pupils  equal, 
regular,  and  react  normally,  but  a  distinct 
nystagmus  to  left  was  present ;  exaggerated 
knee  jerks;  no  Babinski  or  ankle  clonus; 
some  atrophy  of  the  muscles  of  right  fore- 
arm and  shoulder  girdle  with  weakness  of 
hand ;  paresis  right  internal  rectus ;  dysar- 
thria, resembling  scanning  speech ;  tongue 
deviates  slightly  to  left ;  marked  intention 
tremor;  no  sensory  or  thermal  changes. 
Epileptic  episodes  affecting  all  four  ex- 
tremities ;  sudden  onset,  weakness  and  ver- 
tigo without  loss  of  consciousness,  biting 
tongue  or  lips  or  passing  urine  in  the 
spells.  Diagnosis'.  Insular  sclerosis  syndrome 
(traumatic)." 

Roentgen  Findings,  May  2g,  ipip. — 
There  is  an  irregular-shaped  metal  fragment, 
about  I  X  ^  x  14  cm.  in  diameter,  situated 
5.2  cm.  vertically  beneath  the  skin  mark  on 
the  right  side  of  the  head,  the  patient  lying 
on  his  left  side  with  head  in  a  true  lateral 
position.  The  surface  marking  corresponds 
to  the  posterior  portion  of  the  squamous 
part  of  the  right  temporal  bone,  being  3.5 
cm.  posterior  and  1.25  cm.  superior  to  the 
external  meatus  acusticus.  Reid's  base  line 
being  taken  as  a  guide  to  these  measure- 
ments.   The   anatomical   location   is   in   the 
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right  superior  semikmar  lobule  of  the  cere- 
bellum, about  2  cm.  from  the  median  line. 
The  location  of  the  metal  fragment  corres- 
ponds to  Section  9  of  the  Eycleshymer-Shoe- 
maker  Cross  Section  Anatomy,  being  6.5 
cm.  from  the  posterior  surface  and  5.2  cm. 
from  the  lateral  side. 

There  is  also  another  irregular-shaped 
metal  fragment  about  i  x  i  x  ^  cm.  in  size 
in  the  muscular  tissues  immediately  medial 
to  the  ramus  of  the  mandible  on  the  right 
side  on  a  level  with  the  atlas. 

It  is  difficult  to  ascertain  the  point  of 
entrance  of  the  foreign  body  into  the  cranial 
cavity,  as  no  bony  defects  are  visible.  There 
is  a  slight  irregularity  of  the  occipital  bone 
on  the  right  side  about  2  cm.  lateral  to  the 
foramen  magnum  which  may  be  an  old 
bone  injury.  In  this  situation  some  metallic 
dust  is  seen,  which,  however,  forms  a  path 
to  the  foreign  body  in  the  situation  of  the 
right  jaw.  The  only  other  explanation  to  ac- 
count for  the  path  of  entrance  of  the  foreign 
body  into  the  cranial  cavity  would  be 
through  the  foramen  magnum,  which  is 
strongly  suggestive. 

Comment. — On  April  27,  1920,  this  pa- 
tient reported  his  general  condition  as  fair. 
He  suffers  from  frequent  headaches  and  has 
had  two  severe  attacks  of  Jacksonian  con- 
vulsions in  the  past  six  months.  There  is 
some  paresthesia  on  the  right  side  and  at 
times  slight  paresis. 

Case  VI.  Admitted  to  hospital  March  12, 
1919,  suffering  from  multiple  gunshot 
wounds,  having  been  transferred  from  over- 
seas. 

White ;  age  twenty-eight ;  weight  1 50 
pounds;  occupation,  steel  construction 
worker  before  entering  service.  On  Novem- 
ber I,  191 8,  he  was  hit  by  high  explosive  at 
Verdun.  He  received  eleven  wounds;  three 
of  head ;  five  of  right  arm  and  shoulder;  one 
of  chest;  one  of  each  buttock  and  one  of 
left  ankle.  Following  the  injury  he  was  un- 
conscious three  weeks.  The  only  previous 
history  bearing  on  the  case  was  that  five 
years  ago  he  was  injured  in  a  runaway  acci- 
dent and  said  his  skull  was  fractured.  Upon 


admission  his  general  health  was  good,  all 
the  wounds  being  healed.  There  was  a  bony 
defect  over  right  parietal  bone  about  2  cm. 
in  diameter,  and  a  scar  was  present  over  the 
right  parietal  region  with  some  bony  irregu- 
larity, also  one  in  the  left  occipital  region 
superiorly. 

A  healed  wound  6  cm.  long  was  present 
over  the  right  inner  arm  extending  over  the 
brachial  vessels  to  the  pectoral  muscles,  one 
over  the  anterior  part  of  head  of  humerus. 
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Figure  7. 

lateral  part  of  head,  in  posterior  axillary  re- 
gion and  edge  of  scapula.  A  wound  also  was 
present  to  the  right  of  the  fourth  thoracic 
spine,  there  were  multiple  wounds  of  both 
buttocks  and  below  left  lateral  malleolus; 
the  only  symptoms  complained  of  were 
numbness  of  the  outer  part  of  the  right 
arm  and  forearm. 

Neurological  Findings,  April,  rpip. — 'The 
deep  reflexes  of  the  left  side  are  increased 
more  than  upon  the  right.  The  reflexes  of 
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the  right  lower  extremity  are  greater  than  in 
the  same  arm.  Cremasteric  normal ;  ab- 
dominal reflexes  diminished  upon  right  side, 
especially  in  the  upper  segments.  Slight  in- 
coordination in  both  legs  and  marked  clumsi- 
ness in  left  arm.  Slight  astereognosis  in  left 
arm.  No  visual  defect.  Slight  thickness  of 
speech  at  times.  Advise  .i^-ray  of  spine  over 
fourth  dorsal.  Can  see  no  indication  for 
cranial  interference,  but  trouble  may  be 
remnant  of  old  cord  lesion." 


The    neuroloe^ical 


findings 


on    Mav    ^o. 


1919,  were:  "Complete  motor  recovery. 
Stereognostic  sense  normal.  Complete  sen- 
sory recoverv.  Slight  increase  in  deep  re- 
flexes." 

Roentgen  Findings,  June  4,  19 19. — There 
is  a  circular  shaped  bony  defect,  measur- 
ing 3  cm.  in  diameter,  situated  in  the  an- 
terior-inferior portion  of  the  parietal  bone 
and  anterior-.superior  portion  of  the  squa- 
mous part  of  the  temporal  bone  on  the  right 
side.  Several  small  bony  particles  are  present 
in  the  middle  part  of  the  defect.  There  is 
considerable  irregularity  of  the  antero-lat- 
eral  portion  of  the  squamous  part  of  the 
frontal  bone  on  the  left  side,  suggesting  a 
possible  old  bony  injury.  There  is  a  circular- 
shaped  old  fracture  line  in  the  anterior- 
superior  portion  of  the  left  parietal  bone 
which  extends  into  the  frontal  bone. 

There  is  an  irregular-shaped  metal  frag- 
ment, about  J/^  X  34  ^  /<4  cm.  in  diameter, 
situated  2.7  cm.  verticall}-  beneath  the  skin 
mark  on  the  left  side  of  the  head,  the  patient 
lying  on  his  right  side  with  the  head  in  a 
true  lateral  position.  The  surface  markings 
correspond  to  the  central  portion  of  the  left 
parietal  bone,  being  4  cm.  posterior  and  9.75 
cm.  superior  to  the  external  meatus  acus- 
ticus,  Reid's  base  line  being  taken  as  a  guide 
to  these  measurements.  The  anatomical  loca- 
tion of  the  above  foreign  body  corresponds 
to  the  left  inferior  parietal  lobule,  being 
imbedded  a  little  over  i  cm.  within  the  brain 
substance.  The  location  corresponds  to  Sec- 
tion 4  of  the  Eycle.shymer-Shoemaker  Cross 
Section  Anatomy,  being  3.5  cm.  from  the 
posterior  surface  and  2.7  cm.  from  the 
lateral  side. 


A  small  metal  fragment  al^out  i  mm.  in 
diameter  is  seen  superficially  in  the  skin  or 
bone,  posterior  to  the  bony  defect.  Another 
very  small  fragment  is  imbedded  in  the 
brain  substance  in  the  path  to  the  larger 
metal  fragment.  Three  small  fragments  are 
also  present  in  the  right  facial  region. 

Upon  examination  of  the  thoracic  spine 
no  injury  was  found,  but  a  foreign  body  was 
present  in  the  upper  part  of  the  right  chest, 
which,  however,  was  not  localized. 

Comments.' — In  a  letter  dated  March  15, 
1920,   from  the   father  of  this  patient,  he 


WftR(of\-' 
LoBui-E 


stated  that  his  son  died  on  July  19,  1919, 
eight  days  after  the  foreign  body  was  re- 
moved. Surgical  removal  was  necessary  due 
to  Jacksonian  epileptic  attacks.  This  case  is 
interesting  in  that  the  patient  was  dis- 
charged from  the  army  a  little  over  a  month 
before  the  operation  and  gave  no  history  of 
Jacksonian  epilepsy  and  with  a  diagnosis 
of  a  "complete  recovery." 

Case  VII.  Admitted  to  hospital,  April  10, 
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191 9,  suffering  from  a  gunshot  wound  of 
the  head,  having  been  transferred  from 
over-seas. 

White;  age  twenty-two;  weight  165 
pounds ;  occupation,  farmer  before  entering 
the  service.  On  July  22,  191 9,  he  was  hit 
by  high  explosive  at  Soissons.  He  remem- 
bers nothing  about  the  accident.  For  a  month 
following  the  accident  he  could  not  talk,  had 
no  paralysis  except  anesthesia  over  the  af- 
fected side  of  the  head  and  complete  deaf- 
ness in  left  ear.  Later  a  bone  transplant  was 
placed  in  the  skull  to  fill  the  defect  but  had 
to  be  removed  on  account  of  infection. 

Upon  admission  his  condition  was  good. 
There  was  a  bony  defect  in  the  anterior 
lower  parietal  region.  It  measured  about  2.5 
cm.  by  5  cm.  Complete  deafness  in  the  left 
ear  w^as  present.  There  was  soreness  in  the 
wound  together  with  a  discharging  sinus. 

Roentgen  Findings,  April  1=,,  igig. — 
There  is  an  oval  shaped  bony  defect,  measur- 
ing about  4x5  cm.  in  diameter,  situated 
in  the  posterior-inferior  portion  of  the  scjua- 
mous  portion  of  the  frontal  bone  and  the 
anterior-inferior  part  of  the  parietal  bone  on 
the  left  side.  An  irregular-shaped  metal 
fragment  about  i  ^  x  i^  x  ^  cm.  in  diame- 
ter is  situated  in  the  cranial  cavity,  slightly 
superior  and  posterior  to  the  left  external 
meatus  acusticus,  which  should  be  localized. 
No  necrotic  bone  is  in  evidence. 

Approximate  location  of  foreign  body 
without  special  localization  methods:  The 
metal  fragment  is  about  3  cm.  beneath  the 
skin  surface  and  is  situated  i  cm.  superior 
and  posterior  to  the  external  meatus  acusti- 
cus. The  surface  marking  corresponds  to  the 
lower  central  part  of  the  squamous  portion 
of  the  left  temporal  bone.  The  anatomical 
localization  is  in  the  inferior  temporal  gyrus 
of  the  temporal  lobe,  the  foreign  body  ap- 
parently resting  on  the  po.sterior  surface  of 
the  petrous  portion  of  the  temporal  bone. 
The  location  would  approximately  corres- 
pond to  Section  9  of  the  Eycleshymer-Shoe- 
maker  Cross  Section  Anatomy,  being  about 
8.5  cm.  from  posterior  surface  and  about 
3  cm.   from  the  lateral  side. 

Operation:  Inasmuch  as  the  foreign  body 


was  quite  superficial  it  was  decided  to  re- 
move it.  It  was  removed  April  24,  1919.  Un- 
fortunatel}'  the  patient  developed  an  acute 
suppurative  leptomeningitis  and  died  four 
days  later. 

Case  VIII.  Admitted  to  hospital  March 
12,  1919,  suffering  from  a  gunshot  wound 
of  the  head,  having  been  transferred  from 
over-seas. 

White;  age  twenty-two,  weight  155 
pounds;  occupation,  farmer  before  entering 
service.  On  October  22,  1918,  he  was  hit  in 
the  neck  by  a  high  explosive  at  the  Argonne 
fight.  He  immediately  became  unconscious 
and  was  taken  to  a  field  hospital,  where  he 
was  operated  upon  the  following  day.  The 
operative  report  at  that  time  states  that  the 
frontal  bone  was  fractured,  both  frontal 
lobes  of  brain  were  damaged,  no  foreign 
body  found,  and  that  traumatized  brain  tis- 
sue and  pieces  of  bone  were  removed.  Fol- 
lowing the  initial  trauma  he  suffered  from 
paralysis  of  the  entire  right  side  except  the 
face. 

Upon  admission  his  general  condition  was 
very  good.  There  was  a  defect  of  about  5 
cm.  with  2  cm.  of  depression  over  the  mid- 
frontal  region,  which  pulsated  freely.  A 
second  scar  was  present  over  the  posterior 
part  of  the  parietal  region.  Complete  right 
hemiplegia  was  present  which  is  improving. 
There  was  fibrous  ankylosis  of  the  right 
elbow,  permitting  10  per  cent  of  motion. 
Healed  sores  were  on  the  right  heel  and 
coccyx.  Mentally  he  was  acute. 

Roentgen  Findings,  March  2j,  ipip. — 
There  is  a  large  irregular-shaped  bony  de- 
fect, measuring  5.5  x  5.75  cm.  in  diameter, 
involving  the  central  part  of  the  squamous 
portion  of  the  frontal  bone.  It  reaches 
almost  as  low  as  the  frontal  sinus  and  the 
greater  part  of  the  defect  is  to  the  left  of 
the  median  line.  There  are  several  very  small 
metal  fragments  in  the  left  margin  of  the 
bony  defect.  There  is  a  large  gaping,  irregu- 
lar line  extending  across  the  squamous  por- 
tion of  the  right  temporal  bone,  into  the  pos- 
terior portion  of  the  right  parietal  bone  to  the 
lambdoidal  suture.  It  does  not  extend  to  the 
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bony  defect  anteriorly.  It  is  difficult  to  im- 
agine a  skull  fracture  gaping  to  this  degree 
and  the  patient  living,  yet  there  are  no  ves- 
sels that  normally  pursue  this  course  which 
could  produce  erosion  of  bone  in  this  situa- 
tion. 

There  is  an  irregular-shaped  metal  frag- 
ment about  I  j/^  X  1 1/^  X  ^  cm.  in  diam- 
eter situated  2.2  cm.  vertically  beneath  the 
skin  mark  on  the  right  side  of  the  head,  the 
patient  lying  on  his  left  side  with  head  in 
a  true  lateral  position.  The  surface  markings 
correspond  to  the  inferior  portion  of  the  par- 
ietal bone  nearly  at  the  squamous  suture  line. 


SECTION     6 

FiGUKK    9. 

being  5  cm.  superior  and  3.25  cm.  posterior 
to  the  external  meatus  acusticus,  Reid's  base 
line  being  taken  as  a  guide  to  these  measure- 
ments. The  anatomical  location  is  in  the 
superficial  part  of  the  right  angular  gyrus  of 
the  parietal  lobe,  being  about  i  cm.  within 
the  brain  substance.  The  location  of  the 
metal  fragment  corresponds  to  section  6  of 
the  Eycleshymer-Shoemaker  Cross  Section 


Anatoiiiy,  being  6  cm.  from  the  posterior 
surface  and  2.2  cm.   from  the  lateral  side. 

Operative  Findings. — As  a  result  of  the 
above  roentgen  findings,  it  was  decided  to 
remove  the  foreign  body,  inasmuch  as  it  was 
quite  superficial.  On  March  26th  the  skull 
was  trephined  over  the  localization  mark,  the 
dura  split  and  the  foreign  body  was  re- 
moved, it  being  imbedded  just  beneath  the 
cortex,  as  the  localization  findings  recorded. 
The  trephined  bone  was  replaced  and  the  pa- 
tient made  an  uneventful  recovery. 

On  April  1 7th  a  second  operation  was  per- 
formed to  repair  the  defect  and  depression 
in  the  frontal  bone.  A  bone  transplant  from 
the  left  tibia  was  secured  and  again  the  pa- 
tient made  an  uneventful  recovery. 

Neurological  Findings,  May  12,  ipip. — 
Deep  reflexes  of  the  right  side  increased. 
Superficial  reflexes  as  cremasteric  and  ad- 
dominals  diminished.  No  pathological  re- 
flexes. Slight  weakness  of  the  right  side. 
Considerable  slowness  of  movements  of  that 
side  and  some  clumsiness.  No  sensory  dis- 
turbances, no  astereognosis.  Cranial  nerves 
normal,  visual  fields  normal,  discs  normal. 
Some  intentional  hypertonia  of  arm  when 
flexing  or  extending  the  extremity.  No  men- 
tal disturbance. 

The  patient  continued  to  improve  and 
when  last  seen,  in  August,  the  only  symptom 
complained  of  was  still  some  paresis  of  the 
right  arm. 

Comments. — The  interesting  point  in  this 
case  is  the  extreme  trauma  received  by  the 
frontal  lobes,  and  yet  apparently  no  symp- 
toms emanating  from  this  destruction. 

In  a  letter  received  March  13,  1920,  the 
patient  states  that  his  general  health  is  fairly 
good,  although  at  times  he  is  very  nervous 
and  has  vertigo.  There  is  some  parasthesia  in 
the  left  leg  most  of  the  time,  but  he  has  had 
no  Jacksonian  attacks. 

Case  IX.  Admitted  to  hospital  April  4, 
1 91 9,  suffering  from  gunshot  wounds  of 
head,  right  shoulder  and  arm,  having  been 
transferred  from  over-seas. 

White;  age  twenty-six;  weight  175 
pounds;  occupation,  farmer  before  entering 
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the  service.  On  November  4,  1918,  he  re- 
ceived multiple  gunshot  wounds  (presum- 
ably from  high  explosive)  at  Verdun.  Fol- 
low^ing  this  his  left  arm  became  paralyzed 
but  has  since  recovered. 

Upon  admission  his  general  condition 
was  excellent.  There  was  an  irregular  scar 
present  in  the  right  parietal  region  with 
slight  depression  of  the  bone.  Several  scars 
were  present  in  the  right  shoulder  and  arm. 
The  physical  examination  otherwise  was 
negative  and  no  symptoms  were  complained 
of. 

Roentgen  Findings,  April  16,  ipip. — 
There  is  some  irregularity  of  the  antero- 
superior  part  of  the  right  parietal  bone, 
which  is  suggestive  of  an  old  fracture,  there 
being  a  loss  of  bone  substance,  but  a  com- 
plete bony  defect  is  not  present.  Several 
small  metal  fragments  are  present  in  the 
situation  of  the  fracture  and  should  be  local- 
ized. 

Approximate  location  of  foreign  body 
without  special  localization  methods.  The 
metal  fragment  is  about  2x2x1  mm.  in 
diameter  and  approximately  2.5  cm.  beneath 
the  skin  surface.  The  surface  markings  cor- 
respond to  the  posterior-superior  part  of  the 
squamous  portion  of  the  frontal  bone  on  the 
right  side,  and  the  anatomical  location  is  in 
the  superficial  part  of  the  medial  frontal  gy- 
rus. The  location  would  approximately  cor- 
respond to  Section  3  of  the  Eycleshymer- 
Shoemaker  Cross  Section  Anatomy,  but  ex- 
act position  cannot  be  stated,  as  definite  loc- 
alization was  not  made.  An  examination  of 
the  right  arm  showed  no  bony  lesion,  but 
several  small  metal  fragments  were  scattered 
in  the  soft  tissues.  The  soldier  was  dis- 
charged May  5,  1 91 9,  apparently  recovered. 

Comments. — In  a  letter  dated  March  17, 
1920,  this  patient  stated  that  his  general 
health  was  fairly  good  but  that  he  was 
troubled  with  headaches  and  at  times  has 
vertigo.  There  was  some  numbness  in  the 
left  hand,  and  since  his  discharge  he  had  had 
two  Jacksonian  attacks. 

Case  X.  Admitted  to  hospital  March  2, 
1 91 9,  sufifering  from  a  gunshot  wound  of  the 


head,  having  been  transferred  from  over- 
seas. 

White ;  Russian  ;  age  twenty-seven ;  occu- 
pation, molder  before  entering  the  service. 
On  November  6,  191 8,  in  the  Argonne  fight 
he  received  a  gunshot  wound  of  the  head.  On 
November  23,  1918,  he  was  operated  upon. 

Upon  admission  his  general  condition  was 
good.  There  was  a  healed  scar  with  depres- 
sion over  the  occipital  bone.  The  physical  ex- 
amination was  otherwise  negative  and  no 
symptoms  were  complained  of. 

Roentgen  Findings,  June  12,  ip20. — 
There  is  an  irregular-shaped  bony  defect 
measuring  about  6x4.5  cm.  in  diameter  in 
the  situation  of  the  lambda,  the  greater  por- 
tion being  on  the  right  side.  It  involves  both 
parietals  and  the  occipital  bone.  A  small 
metal  fragment  about  i  mm.  in  diameter  is 
seen  in  a  plane  immediately  posterior  to  the 
superior  part  of  the  dorsum  sella  and  should 
be  localized.  Due  to  the  fact  that  a  good 
postero-anterior  plate  was  not  obtained,  the 
approximate  lateral  depth  cannot  be  stated. 
The  patient  was  discharged  May  5,  1919, 
apparently  normal  in  every  way. 

Comments. — On  April  5,  1920,  this  pa- 
tient reported  his  general  health  as  fair  and 
that  he  had  occasional  headaches  and  vertigo. 
He  also  complained  of  paresthesia  at  times 
on  the  left  side,  but  had  had  no  Jacksonian 
attacks. 

Case  XI.  Admitted  to  hospital  June  25, 
1 91 9,  suffering  from  gunshot  wounds  of 
head  and  left  arm  and  a  simple  fracture  of 
the  left  leg,  having  been  transferred  from 
over-seas. 

White;  age  twenty-seven;  weight  185 
pounds;  occupation,  bridge  carpenter  before 
entering  the  service.  On  July  4,  1918,  on  the 
Alsace  front  was  hit  in  the  skull  and  arm  by 
shrapnel. 

Upon  admission  his  general  condition  was 
good ;  a  scar  with  some  depression  in  the  oc- 
ciput was  noted  and  also  a  penetrating 
wound  of  the  left  arm  which  was  healed. 
The  physical  findings  were  otherwise  nega- 
tive but  the  soldier  complained  of  occipital 
headaches  and  also  slight  deafness. 
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Roentgen  Findings,  June  2j,  icjrc). — 
There  was  a  bony  defect  in  the  left  half  of 
the  occipital  bone,  including  the  posterior 
border  of  the  left  parietal.  It  measures  about 
2  cm.  in  diameter  and  the  edges  are  smooth 
and  regular.  A  metal  fragment  about  5  cm. 
in  diameter  is  lying  in  the  posterior  fossa 
about  3  cm.  to  the  left  of  the  median  line.  A 
smaller  fragment  is  present  just  lateral  to 
the  above. 

Unfortunately  the  above  foreign  l)odies 
were  not  localized. 

Comments. — On  March  14,  1920,  this  pa- 
tient reported  his  general  health  as  very 
poor.  He  suffers  from  headaches  and  twice 
monthly  has  Jacksonian  attacks.  He  also 
complains  of  some  paresthesia  in  his  hands. 

COXCLUSIOX 

Three  of  the  eleven  cases  have  died.  Four 
of  the  cases  have  been  operated  u[)on  and 
the  foreign  bodies  removed.  Three  died  on 
the  3rd,  4th  and  8th  days  respectivelv  fol- 
lowing the  operation,  as  a  result  of  menin- 
gitis, making  an  operative  mortalitv  of  75 
per  cent. 

Of  the  eight  living  cases,  seven  still  have 
foreign  bodies  in  the  brain  and  five  of  these 
have  Jacksonian  epileptic  attacks.  Of  the 
two  who  are  not  so  affected,  one  complains 
of  great  pains  in  his  head  at  times  and  in 
the  other  case  the  foreign  body  is  extremely 
small  in  size — the  smallest  in  the  series.  In- 
asmuch as  the  first  Jacksonian  convulsion 
did  not  occur  in  one  of  the  cases  until  fifteen 
months  after  the  injury,  these  men  mav  vet 
develop  this  condition,  as  it  has  been  but 
sixteen  and  nineteen  uK^nths  respectivelv 
since  they  were  injured.  The  one  patient  who 
lived  following  the  removal  of  the  foreign 
body  has  had  no  convulsions.  All  the  cases 
except  one  complain  of  headaches  or  vertigo, 
usually  the  latter.  About  half  of  the  cases 
have  paresthesia  at  times  in  the  formerh- 
paralyzed  parts,  although  the  paralvsis  itself 
has  disappeared  in  most  of  the  cases.  The 
general  health  of  most  of  the  patients  is 
fairly  good. 

In  no  case  does  the  foreign  body  appear 


to  be  causing  any  special  symptom  or  symp- 
toms because  of  its  particular  anatomical 
location.  In  other  words,  as  far  as  we  are 
able  to  ascertain,  the  function  of  that  por- 
tion of  the  brain  in  which  the  foreign  body 
is  located  is  not  disturbed  as  a  result  of  its 
presence.  The  symptoms  complained  of  are 
in  general  those  which  practically  all  such 
patients  have.  The  special  symptoms  are  due 
to  the  traumatized  portion  of  the  brain 
through  which  the  foreign  body  has  passed 
to  reach  its  final  resting  place.  In  some  cases, 
depending  upon  the  composition  of  the  for- 
eign body,  fine  metallic  dust  can  be  traced 
from  the  point  of  entrance  into  the  skull  to 
the  foreign  body.  It  might  also  be  interesting 
to  note  that  in  all  the  cases  reported,  except 
two,  the  men  stated  that  as  far  as  they  re- 
called, they  had  their  helmets  on  at  the  time 
of  injury  and  that  the  foreign  body  evidently 
passed  through  them. 

It  appears  to  me,  in  view  of  the  very  large 
percentage  of  cases  developing  Jacksonian 
attacks,    that   every    former   soldier   in   our 
army  who   received  a   foreign  body  in  his 
brain  during  the  past  war  should  be  given 
liberal  compensation.  There  is  no  certainty 
what  may  happen  to  the   foreign  body  or 
what  symptoms  may  develop.  A  man  who 
may  have  a  Jacksonian  convulsion  at  any 
time  is  greatly  handicapped  in  the  pursuit 
of   many   occupations.    The   high   operative 
mortality  forbids  surgical  approach   to   re- 
move the  foreign  body,  especially  if  it  be 
deeply  situated.  That  many  medical  officers 
in  our  army  did  not  appreciate  the  serious- 
ness of  foreign  bodies  in  the  brain  is  evident 
by   the   small   percentage  of  disability  that 
w^as  recommended  by  the  S.  C.  D.  Boards 
for  some  of  these  men  when  they  were  dis- 
charged. I  know  of  one  case  where  20  per 
cent  was   recommended  and  in  another  25 
per  cent.  One  of  these  cases  is  now  having 
monthly    Jacksonian    attacks.    This    is    cer- 
tainly a  serious  injustice  to  men  who  have 
suffered   from  one  of  the  most  severe  in- 
juries they  can  receive  and  yet  live  and  who        ( 
are  likely  to  suffer  and  be  handicapped  for        , 
the  re-st  of  their  lives  as  a  result. 


AMONOMETER  AND  FLOW- VOLUMETER  FOR  TRANSUTER- 

INE  PERITONEL  INFLATION  TO  DETERMINE  PATENCY 

OF  FALLOPIAN  TUBES  IN  CASES  OF  STERILITY 

By  I.  C.  RUBIN,  m.d.,  f.a.c.s. 
Adjunct  Gynecologist,  Mount  Sinai  and  Beth  Israel  Hospitals ;  Visiting  Gynecologist  to  Montefiorc  Hospital 
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^  I  ""HE  present  apparatus  enables  us  to 
-*-  measure  the  quantity  and  the  flow  of 
oxygen  or  .carbon  dioxide  gas  used  in  insuf- 
flating the  uterus  to  test  the  Fallopian  tubes 
for  patency.  A  manometer  of  the  "tycos"  or 
mercury  type  is  combined  with  it,  allowing 
for  pressure  reading  at  the  same  time  as  the 
gas  flows.  It  does  away  with  the  necessity 
of  first  displacing  water  from  another  vessel 
at  a  certain  rate  of  flow  to  estimate  the  vol- 
ume of  gas.  This  at  best  was  only  an  approx- 
imate estimation. 

In  this  apparatus  the  pulsating  type  of 
water  displacement  meter  is  used.  It  is 
adapted  from  the  well-known  chlorine  con- 
trol apparatus  employed  by  the  firm  of  Wal- 
lace &  Tiernan  for  water  purification  h\ 
the  process  of  chlorination.^  The  meter  is  of 
glass  and  is  therefore  non-corrodible  and 
consists  of  an  inverted  glass  siphon  within  a 
cylindrical  glass  meter.  The  latter  is  cali- 
brated to  a  given  capacity,  as  a  rule  40  c.c. 
(Fig.  I.)  It  is  hydraulic  in  principle,  scien- 
tific, accurate  and  dependable.  The  upper  end 
of  the  glass  cylinder  is  attenuated  to  a  nar- 
row tube  to  which  rubber  tubing  is  attached 
to  convey  the  gas  from  its  source.  The  lower 
end  dips  down  into  the  water  contained  in 
the  large  glass  tube  or  jar  of  convenient  size. 
(Fig.  2.)  This  glass  tube  or  jar  is  provided 
with  a  rubber  stopper  perforated  at  three 
points,  through  one  of  which  the  narrow  end 
of  the  volumeter  passes.  Two  separate  glass 
tubes  pass  each  into  the  container  to  just  be- 
low the  lower  limit  of  the  stopper  (Fig.  2). 
To  one  of  these  the  pressure  gauge  is  at- 
tached and  to  the  other  a  piece  of  rubber  tub- 

II  am  indebted  to  Messrs.  Wallace  &  Tiernan  for 
the  courtesy  of  the  use  of  their  volumeter  in  my  work. 


ing  for  the  outlet  of  the  gas.  To  this  piece  of 
rubber  tubing  the  intra-uterine  cannula  is  at- 
tached. A  spring  relief  valve  may  be  pro- 
vided which  works  automatically,  or  in  lieu 
of  this  a  needle  valve  is  placed  in  the  course 
of  the  outlet  tubing.  I  have  found  this  latter 
to  be  effective  and  easy  to  handle.  The  spring 
valve  is  regulated  to  blow  off  at  a  pressure  of 


Figure  i. 

250  millimeters  of  mercury.  While  this  can 
be  dispensed  with  it  is  an  aid  and  is  well 
combined  with  the  needle  valve  relief.  Figure 
2  represents  the  apparatus  as  assembled 
from  the  parts  as  described.  For  the  conven- 
ience of  those  who  do  not  care  to  take  the 
trouble  of  doing  this  I  have  had  the  siphon 
meter  and  glass  jar  with  outlet  and  inlet  con- 
nections blown  in  one  piece  and  attached  to  a 
mercurial  manometer.  (Fig.  3.) 
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A  ]^Ianometer  and  Flow  Volumeter 


The  operation  of  the  siphon  meter  is  as 
follows:  View  X  shows  the  water  level  2  in 
the  meter  at  the  beginning  of  the  pulsation, 
and  view  Y  shows  the  water  level  2  just  be- 
fore the  siphon  C-G  breaks  at  D,  which 
completes  one  pulsation  of  the  meter.  When 
the  downward  flowing  gas  in  A  reaches  the 


to  a  rise  of  100  millimeters  within  15  sec- 
onds. This  can  be  determined  readily  by 
pinching  the  outlet  tubing  as  the  flow  is  reg- 
ulated till  it  causes  a  rise  of  pressure  to  100 
mm.  mercury  in  15  seconds  time.  A  ratio  of 
10  seconds  to  100  mm.  will  also  be  satisfac- 
tory ;  but  in  the  non-patent  Fallopian  tubes, 


Figure  2. 


point  D,  it  will  rush  up  through  the  tube  G 
of  the  syphon,  and  the  bell  or  compartment  B 
will  refill  with  water  up  to  the  upper  end  of 
C.  This  completes  one  pulsation  or  measure 
of  the  meter,  and  the  amount  of  gas  de- 
livered by  this  one  pulsation  is,  of  course, 
the  capacity  of  the  compartment  B  between 
the  points  F  and  D.  The  siphon  meter  used 
in  my  work  has  a  capacity  of  40  c.c.  The 
amount  of  gas  flowing  may  be  determined  by 
counting  the  number  of  pulsations  of  the 
meter  per  minute. 

For  the  purpose  of  determining  the 
patency  of  the  Fallopian  tubes  four  pulsa- 
tions delivering  160  c.c.  of  gas  are  all  that 
are  required.  In  thin  individuals  from  two  to 
three  pulsations  will  suffice  to  produce  in  the 
patent  cases  the  subphrenic  pneumoperito- 
neum which  will  be  clearly  seen  with  the 
fluoroscope.  The  pressure  reading  is  of  con- 
siderable importance,  and  I  have  found  that 
the  rate  of  flow  is  best  regulated  previous 


where  the  matter  of  pressure  is  of  somewhat 
greater  importance  than  in  the  case  of  pat- 
encv.  it  is  better  to  have  the  slower  rate  of 
flow,  i.e.,  the  15  seconds  to  100  mm.  mer- 
cury. With  this  rate  established  (and  this  is 
done  in  a  few  seconds)  the  gas  is  allowed 
to  pass  through  the  volumeter  and  thence 
through  the  outlet  tubing  and  cannula  into 
the  uterus.  The  needle  valve  is  released  until 
the  cannula  is  inserted  well  into  the  uterine 
cavitv  beyond  the  internal  os  when  it  should 
be  shut,  making  the  system  air-tight.  Almost 
instantly  the  pressure  rises  at  the  rate  pre- 
determined and  will  vary  somewhat  in  cases 
of  patency.  The  pressure  required  to  over- 
come the  resistance  of  the  uterus  and  tubes 
where  there  is  no  tubal  obstruction  to  the 
free  passage  of  the  gas  will  vary  between 
40  and  100  mm.  When  reaching  these  points 
it  will  fall  sharply  or  slowly  or  even  fluctu- 
ate about  them.  Occasionally  the  initial  rise 
of  pressure  in  the  patent  tubes  will  be  higher, 
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reaching  160  before  it  drops.  The  signifi- 
cance of  this  will  be  taken  up  in  another 
communication. 

In  the  non-patent  tubes  the  pressure  rises 
steadily  to  a  point  well  beyond  200.  It  is  not 
necessary  to  carry  this  beyond  250  mm.,  be- 
cause in  all  the  cases  so  far  examined  this 
pressure  was  found  to  indicate  occlusion. 
When,  as  occasionally  happens,  the  gas  will 
go  through  after  reaching  a  pressure  of  200 
mm.  mercury,  that  case  may  for  practical 
purposes  be  considered  sterile,  because  the 
obstruction  is  nearly  complete.  But  it  must 
be  borne  constantly  in  mind  that  the  rate  of 
flow  must  not  exceed  in  rapidity  that  of  100 
mm.  in  15  seconds.  I  have  used  a  slower  rate 
of  flow  in  many  cases,  particularly  in  the 
non-patent  cases  where  it  is  desirable  to 
check  up  the  finding  of  the  first  examination. 
This  can  be  done  during  the  same  sitting 
when  the  flow  is  retarded,  so  that  it  requires 
20  to  30  seconds  to  raise  the  mercury  column 
to  100  millimeters. 

While  the  apparatus  has  been  assembled 
for  the  transuterine  peritoneal  inflation  to 
determine  the  patiency  of  Fallopian  tubes  in 
cases  of  sterility,  it  may  be  used  to  advan- 
tage in  the  direct  transperitoneal  inflation  by 
abdominal  puncture.  The  pressure  gauge  is 
in  the  latter  case  not  so  important,  but  it 
provides  an  accurate  volumetric  measure  of 
the  gas  introduced  into  the  peritoneal  cavity. 
The  flow  being  visible  through  the  volumeter 
it  may  be  stopped  at  any  point  when  a  de- 
sired amount  has  been  given.  The  number  of 
pulsations  would  have  to  be  increased  to  sa;-, 


12  times  40  c.c.  or  25  times  40  c.c,  depen- 
ding upon  the  amount  of  gas  that  one  desires 
to  introduce  into  the  peritoneal  cavity. 

Thus  far  the  apparatus  has  been  used  in 
225  cases  out  of  a  total  of  350  insufflations 
and  has  given  complete  satisfaction. 

I  am  glad  to  acknowledge  my  indebted- 
ness to  Dr.  Reuben  Peterson  for  many  valu- 


X 
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able  suggestions  in  developing  the  finer  de- 
tails of  the  technique  and  in  checking  up  my 
work.  He  has  had  the  happy  thought  of  com- 
bining the  transuterine  with  the  transperi- 
toneal methods  of  producing  artificial 
pneumoperitoneum,  and  in  his  hands  the 
method  has  become  established  as  a  valuable 
adjunct  in  gynecological  diagnosis. 


MULTIPLE  OSTEOCHONDROMATA^ 


By  BERNARD  PIERRE  WIDAIANN,  m.d. 


PHILADELPHIA,    PENNSYLVANIA 


TF  we  were  to  stop  after  a  careful  review 
-■■of  the  scant  American  literature  on  mul- 
tiple cartilaginous  exostosis,  we  should  prob- 
ably conclude  that  the  condition  is  obscure 
and  rare. 

Ehrenfried^  in  191 6  contrilnited  a  most 
complete  and  detailed  review  of  this  subject, 
comprising  a  study  of  reported  cases  largely 
from  the  English  literature,  in  which  he  dem- 


Hereditary  Deforming  Chondro- 


Exostoses. 

plasia,  Multiple  Cartilaginous  Exostoses, 
Ossified  Diathesis,  Multiple  Cancellous  Ex- 
ostoses, Rachitiform  Enchondrosis,  Chon- 
dral Dysplasia,  and  Multiple  Congenital  Os- 
teochondromata,  are  names  that  have  been 
applied  to  this  condition.  -  It  is  a  definite 
pathologic  entity  due  to  an  anomoly  in 
ossification  of  temporary  cartilage.  There  is 


Fig.   I.  True  liony  union  lietween  lower  ends  of  radius  and  ulna.   Thickened  and  shortened  lower 

end  of  ulna. 


onstrates   clearly  that  the  condition   is  not 
rare,  but  a  rather  common  occurrence. 

Whether  it  is  considered  unimportant,  or 
common,  or  obscure,  every  case  presents 
some  unusual  or  striking  characteristic, 
either  as  to  history,  skeletal  deformity,  or 
concomitant  sequelae.  This  .should  stimulate 
interest  and  study  of  these  unusual  phenom- 
ena as  to  their  nature,  extent,  and  frequency 
of  occurrence,  and  they  should  be  of  partic- 
ular interest  from  a  roentgenological  point 
of  view.  There  has  been  no  common  accepted 
standard  of  terminology.  Virchow  estab- 
lished the  name  of  Multiple  Cartilaginous 


as  yet  considerable  variance  of  opinion  as 
to  its  etiology.  Ehrenfried  characterizes  the 
conditions  as  the  occurrence  of  multiple, 
more  or  less  symmetrical  cartilaginous  and 
osteocartilaginous  growths,  within  and  on 
the  the  skeletal  system,  generally  benign  and 
resulting  from  a  disturbance  in  the  prolifera- 
tion of  the  bone- forming  cartilage. 

Percy"  investigated  113  descendants  of  a 
case,  of  whom  26  were  affected,  y^-^  not 
affected,  and  14  unknown.  Of  those  affected 
22  were  males  and  4  females.  Transmission 
through  affected  males  and  females  was 
about  in  relative  proportion  of  those  affec- 
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ted,  but  in  two  cases  the  disease  was  trans- 
mitted through  unaffected  females.  Familial 
cases  have  been  reported  by  Gibbony,'' 
Oberndorf/  Boggs,'  Ochsner  and  Rothstein/' 
and  Ashhurst/ 

Endocrine     derangements,     trophic     dis- 
turbances depending  on  disease  of  the  cen- 
tral nervous  system,  the  theorv  of  infection 
because  of  the  fever  and  rheumatic  pains  in 
a  few  reported  cases,  are  theories  that  have 
been  advanced  from  different  sources  as  pos- 
sible, causes  of  multiple  osteochondromata. 
Pissovy  found  tuberculosis  in  forty  of  one 
hundred  cases.  This  association  may  be  sig- 
nificant. Hunter  emphasized  its  constitution- 
al    nature.     Volkmann     and     others     have 
assigned  rickets  as  the  cause.  Paget  recog- 
nized it  as  an  ossific  diathesis  due  to  some 
morbid  condition  of  the  blood.  Several  Ger- 
man writers  have  recognized  it  as  a  distur- 
bance of  growth.  Keith,  at  a  meeting  of  the 
Medical  Society  of  London,  January,  1920, 
insists  that  the  disease  be  removed  from  the 
category  of  tumors  and  classified  among  the 
disorders  of  growth  under  the  name   sug- 
gested   by    Morley    Roberts  —  "diaphyseal 
aclasis." 

If  John  Hunter's  teaching  of  bone  growth 
be  correct,  i.e., that  new  bone  is  laid  at  the  ex- 
tremities of  the  shaft  in  the  diaphyseal  lines 
in  the  first  process,  and  that  in  the  second 
process  which  Hunter  named  the  "modeling 
process,"  the  cancellous  bone  laid  down  is  re- 
built, trimmed  and  gradually  converted  into 
an  architectural  part  of  the  shaft,  then  in  dia- 
physeal aclasis,  Keith  concluded,  the  "model- 
ing process"  is  arrested ;  hence  between  the 
properly  formed  part  of  the  shaft  and  the 
epipyhseal  end  there  is  interpolated  an  irreg- 
ular cylinder  of  imperfectly  modeled  bone  on 
the  surface  of  which  there  are  several  out- 
growths. The  disturbance  is  greatest  where 
the  growth  is  most  vigorous  and  prolonged. 
In  the  following  case  no  hereditary  history- 
was  obtainable  beyond  the  immediate  family. 
Master  H.  C.  White  (thirteen)  was  referred 
to  the  Neurological  Department  of  the  Poly- 
clinic  Hospital  to  discover   if  possible  the 


Fig.   2.   Dislocation   pro1>a1)ly   due   to   overgrow 
head  of  radius. 
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cause  and  cure  of  the  multiple  body  tumors. 

Chief  Complaints.  Prominences  and  de- 
formities about  wrists,  knees,  ankles,  scap- 
ulae and  clavicles. 

Family  History.  Mother  living  and  well  at 
fiftv-two.  Father  living  and  well  at  fifty- 
seven.  Five  brothers  and  two  sisters  all  living 
and  in  good  health. 

Previous  History.  Youngest  child,  no  his- 
tory of  tuberculosis.  No  cardiac  renal  disease 
nor  any  chronic  diathesis ;  normal  birth ; 
adenoids  in  childhood.  Bony  tumors  about 
joints  first  noticed  about  the  age  of  four. 


Fig.  3.   Shortening  of  til)ia. 

Present  History.  Bony  prominences  about 
both  wrists,  ankles,  knees,  scapulae  and  clav- 
icles. No  pain  or  discomfort  of  any  kind.  No 
soreness,  no  tenderness,  no  evidence  of  in- 
flammation. 

Physical  Examination.  Height  4  feet  8 
inches,  weight  82  pounds.  Patient  a  cheerful, 
alert,  intelligent-looking  boy.  Long  loose  ex- 
tremities, good  free  and  easy  function  of  all 
joints.  Hyperextention  of  10  to  15  degrees 


at  elbows.  Upper  extremities  seem  slightly 
shorter  than  normal.  Moderate  hypophysis, 
prominent  bony  enlargements  at  wrists, 
knees,  and  ankle  joints,  over  the  clavicles  and 
inferior  angle  of  left  scapulae.  No  apparent 
enlargement  of  the  thyroid.  Von  Grafe's  and 
Stellwag's  signs  present.  Tonsils  enlarged 
and  the  cheesy  material  exuded.  Wide  area 
between  uvula  and  post-pharyngeal  wall 
suggested  adenoids.  Aortic  second  sound 
increased  over  other  sounds  of  heart. 

Blood  pressure:  Systolic  100,  Diastolic  60. 
Urine,  negative.  Wasserman  negative.  Von 
Pirquet,  negative. 

The  roentgenographic  findings  in  this  case 
are  very  interesting.  In  general  there  is  a  dis- 
turbance in  the  ends  of  all  the  diaphyses  of 
the  long  bones.  This  involves  even  the  ribs. 
None  of  them  are  absolutely  normal.  The 
disturbance  varies  from  a  slight  thickening  to 
actual  tumor  formation  i  y2  inches  in  thick- 
ness. All  of  these  tumors  have  the  character- 
istics of  bone ;  that  is,  they  consist  of  cancel- 
lous tissue,  more  or  less  regularly  arranged, 
with  no  destructive  effects,  and  none  of  the 
appearances  that  occur  in  true  tumors.  The 
lower  extremity  of  the  right  humerus  is 
shortened,  thickened  to  twice  its  normal  di- 
ameter and  is  associated  with  a  number  of 
separate  nodules.  In  the  left  wrist  the  exos- 
toses extend  between  the  lower  extremity  of 
the  radius  and  ulna,  and  are  apparently  unit- 
ed with  a  true  bony  union.  Even  the  left  ulna 
is  considerably  shortened  in  comparison  with 
the  radius,  probably  due  to  an  interference 
with  the  normal  growth  of  the  diaphysis  in 
this  bone.  In  the  right  elbow  there  is  appar- 
ently shortening  of  the  ulna  with  consider- 
able thickening  of  the  upper  extremity  of  the 
ulna  and  comparative  overgrowth  in  length 
of  the  radius,  which  gives  a  dislocation.  At 
the  lower  extremity  of  the  tibia  and  fibula  of 
both  legs  there  may  be  shortening  of  the 
tibia  and  corresponding  elongation  of  the 
fibula,  probably  due  to  this  overgrowth. 
There  are  exostoses  also  about  the  diaphysis 
of  the  OS  calcis. 

The  following  three  cases  were  taken  from 
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Dr.  Pfahler's  records  and  the  examinations 
were  made  on  January  27,  1903,  at  the  re- 
quest of  Dr.  J.  Hendris  Lloyd:  the  father, 
T.  O'B.,  age  forty-two;  the  son,  J.  O'B.,  age 
ten,  and  the  daughter,  E.  O'B.,  age  thirteen. 
There  were  no  other  children.  All  of  these 
three  cases  were  examined  and  all  of  the 
long  bones  of  the  bodies,  including  the  ribs, 


Fig.  4.  Elongation  of  fibula. 

showed  exostoses  growing  from  the  ends  of 
the  diaphyses. 

There  is  nothing  in  this  report  that  dis- 
tinguishes these  cases  as  unusual  in  type  and 
skeletal  deformity  from  those  on  record.  The 
deduction  must  follow,  however,  that  the  con- 
dition must  be  classed  as  a  distinct  abnormal 
pathological  entity.  A  study  of  the  character- 
istic finding  is  fascinating  and  the  roentgen- 


ologists should  ferret  out  their  records  and 
classify  any  data  from  their  histories  and 
physical  examinations  that  may  possibly 
serve  as  a  working  basis  in  determining  the 
etiological  factors  and  possible  methods  of 
treatment.  While  these  bony  growths  are  be- 
nign they  may  become  malignant.  Several 
unusual  anomalies  have  been  recorded.  Osch- 
ner  and  Rothstein  ^  report  a  case  of  multiple 
exostosis  with  an  intraspinal  endostosis  pres- 
sing on  the  spinal  cord  causing  incoordina- 
tion of  the  upper  and  lower  extremities  with 
improvement  after  surgical  intervention. 
Clark  and  Atwood  found  an  exostosis  grow- 
ing from  the  sella  turcica  in  a  case  of  multi- 
ple exostosis  causing  pressure  in  the  pituitary 
body. 

Oberdorf*  observed  a  boy  of  nineteen  who 
presented  a  typical  clinical  picture  of  acro- 
megaly. 

It  would  seem,  therefore,  that  this  is  un- 
doubtedly a  constitutional  disease.  It  has  to 
do  with  the  growth  in  length  of  the  long 
bones  and  must  involve  a  disease  of  the 
organs  controlling  such  growth,  and  would 
seem,  therefore,  to  be  primarily  a  disease  of 
the  endochrine  system.  There  is  certainly  a 
hereditary  tendency  in  some  instances. 
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SUPER'RADIATION  AND  DELAYED  REACTIONS 


By  albert  SOILAND,  m.d.,  f.a.c.s. 

LOS    ANGELES,    CALIFORNIA 


T70R  want  of  a  more  suitable  term,  the 
■^  writer  will  designate  the  new  roentgen 
ray  deep  therapy  method  as  super-radiation. 
The  potentiality  of  this  highly  specialized 
form  of  deeply  penetrating  ray  energy  is  of 
more  than  ordinary  interest.  To  you  who 
have  followed  the  life  history  of  our  spe- 
cialty and  have  had  an  intimate  and  personal 
share  in  its  development,  the  importance  of 
super-radiation  to  medicine  is  immediately 
apparent.  To  you,  too,  its  many  difficulties 
are  not  unknown.  There  are  many,  however, 
who  will  perhaps  not  readily  grasp  the  fact 
that  the  path  to  this  fascinating  new  thera- 
peutic field  is  beset  by  many  dangers,  and 
that  he  who  travels  its  course  must  assume 
grave  responsibilities.  It  is  not  my  intention 
to  discourage  investigation.  Rather  I  am 
filled  with  enthusiasm  by  the  knowledge  that 
we  are  on  the  verge  of  obtaining  from  the 
.ar-ray  tube,  gamma  radiation  in  unlimited 
amount.  Realizing  it,  we  must  approach  this 
work  with  consummate  care,  and  in  our  de- 
sire to  make  progress,  make  haste  slowly. 
The  necessity  for  this  care  is  obvious,  and 
need  not  be  emphasized  before  you,  except  to 
call  your  attention  to  its  urgency. 

The  fact  that  very  soon  electrical  trans- 
formers with  a  capacity  of  200  kilovolts  will 
be  available  and  that  tubes  to  carry  this  stress 
successfully  are  now  being  made,  is  of  the 
greatest  possible  interest  to  us.  We  must  pre- 
pare ourselves  to  make  proper  use  of  this 
apparatus,  which  should  not  be  a  severe  task 
if  we  profit  by  the  lessons  of  the  past. 

Consider,  first,  that  you  are  increasing 
your  voltage  100  per  cent  and  what  that 
implies  with  your  present  eciuipment  and 
what  you  now  consider  safe  protection  to 
yourself  and  your  patient  from  the  high 
tension  line.  Second,  the  probabilities  are  that 
even  with  your  present  lead-covered  operat- 


ing booth  and  lead-glass-covered  tube  holder, 
you  are  none  too  well  protected.  What,  then, 
will  you  require  for  protection  against  such 
super- radiation  as  is  here  indicated?  Third, 
and  of  greater  importance,  what  of  the  pri- 
mary and  secondary  reaction  of  prolonged 
gamma  radiation  upon  your  patient  ? 

To  solve  the  first  problem  presented,  no 
doubt  manufacturers  will  see  that  whenever 
possible  only  non-conducting  materials  will 
enter  into  the  appliances  produced.  Then  the 
radiologist  should  personally  superintend  the 
installation  and  assure  himself  that  all  air- 
gaps  between  electrical  points  anywhere  in 
the  room  exceed  by  at  least  one-third  dis- 
tance the  capacity  air-gap  between  the  spark- 
ing points  of  the  transformer.  To  fulfil  this 
requirement  will  necessitate  at  least  one  half 
more  space  than  that  occupied  by  the  average 
treatment  installation  of  to-day.  Again,  the 
patient's  table,  the  tube  stand,  and  all  parts 
of  the  apparatus  which  carry  the  high  line 
should  be  of  wood  or  similar  non-conducting 
material,  and  no  metal  of  any  description 
should  come  in  contact  with  the  patient.  An 
efficient  automatic  and  fool-proof  circuit 
breaker  should  also  be  in  the  line. 

These  provisions,  with  the  line  switch 
brought  into  proper  position  and  correctly 
wired,  should  insure  a  reasonably  safe  in- 
stallation against  accumulated  high  potential 
discharges. 

Turning  to  the  protection  of  the  operator, 
I  do  not  hesitate  to  emphasize  an  often  re- 
peated statement  that  the  average  roentgen- 
ologist is  practically  unprotected  from  the 
secondary  .r-radiation,  and  only  very  slightly 
protected  from  the  primary  ,r-radiation.  I 
have  seen  men  all  over  America  working 
with  90  kilovolt  tube  discharges,  and  the 
only  shield  between  them  and  the  function- 
ating tube,  4  feet  of  air  space  and  a  single 
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4  by  6  foot  panel,  containing  a  small  sheet  of 
lead-glass  for  a  window,  and  1/32  inch  thick 
lead  over  the  rest  of  the  panel.  With  the  ad- 
vent of  the  forthcoming  super-machine,  a 
law  should  be  passed  which  will  compel  every 
radiologist  thoroughly  to  protect  himself,  his 
operator,  and  his  patient  by  every  known 
means  against  present  and  future  .t'-ray  dan- 
gers. It  should  be  determined  by  competent 
electrical  research  just  how  much  lead  and 
distance  screening  is  necessary  for  complete 
protection,  and  then  every  institution  should 
be  equipped  in  conformity  with  the  specifi- 
cations laid  down. 

We  will  now  approach  the  third  and  most 
important  problem.  The  patient's  status  with 
respect  to  immediate  protection  against  pri- 
mary as  well  as  the  problem  of  delayed  sec- 
ondary reactions  must  be  most  carefully  con- 
sidered. Immediate  protection,  as  referred  to 
in  the  preceding  sentence,  is  limited  to  pri- 
mary and  secondary  radiation  from  the  tube 
itself,  as  it  may  reach  any  part  of  the  body, 
not  necessarily  in  the  field  of  treatment.  The 
ordinary  lead-glass  cover  bowd  as  used  to-day 
is  not  sufficient,  but  this  can  be  covered 
by  lead-rubber  composition  cloth  sufficiently 
heavy  to  serve  the  purpose  adequately.  Pro- 
tection from  the  secondary  direct  radiation 
into  the  treatment  field  is  an  entirely  differ- 
ent matter,  and  one  which  we  cannot  so  read- 
ily control.  It  is  to  this  I  call  your  most  re- 
spectful attention,  as  here  we  shall  have  to 
deal  with  the  very  vmpleasant  phenomenon 
which  not  infrequently  follows,  known  as  a 
delayed  roentgen  reaction.  We  have  met  with 
unfortunate  results,  some  of  us  more  fre- 
quently than  others,  in  obtaining  unexpected 
.r-ray  reactions  from  the  mild  to  the  gan- 
grenous varieties,  even  in  cases  where  all  the 
provisions  in  conformity  with  our  supposed 
table  of  safe  dosage  had  been  carried  out. 
Such  unfortunate  reactions  have  been  ob- 
served appearing  as  late  as  three  years  from 
the  date  of  the  last  .r-ray  treatment,  and 
giving  no  sign  of  their  insidious  approach 
in  the  interval.  This  is  not  theory,  but  a  stub- 
born fact,  for  I  have  personally  seen  several 
cases  in  which  two  or  three  years  after  ra- 
diation for  uterine  conditions,  the  abdomen 


has  taken  on  gangrenous  changes,  too  ex- 
tensive for  surgery  and  uninfluenced  by  any 
treatment.  You  know  the  result. 

Are  we  to  assume,  then,  that  with  the  in- 
auguration of  super-radiation  the  dangers 
from  delayed  radiation  will  be  increased  two- 
fold? As  has  been  already  pointed  out  in  a 
previous  paragraph,  the  dangers  from  sec- 
ondary tube  radiation  or  secondary  rays 
originating  within  the  tube  proper  are  in- 
creased, but  it  is  by  no  means  certain  that 
this  rule  holds  good  in  the  secondary  ray  phe- 
nomena following  direct  radiation  upon  and 
within  the  human  body,  when  this  is  admin- 
istered through  metallic  filters  of  great  dens- 
ity, admitting  only  a  homogeneous  gamma 
radiation.  It  must  be  firmly  fixed  in  mind 
that  we  are  now  considering  radiation  which 
up  to  the  present  time  has  been  available 
only  in  small  amount,  and  whose  remote 
efifect,  consequently,  sufficient  time  has  not 
yet  elapsed  to  determine.  It  would  appear  to 
the  writer  that,  inasmuch  as  untoward  jr-ray 
reactions  occasionally  follow  even  the  most 
careful  .r-ray  technique,  super-radiation  will 
in  all  probability  increase  in  proportion  to 
its  greater  volume  whatever  sequelae  may  be 
induced  by  this  enormous  increase  of  radia- 
tion units.  On  the  other  hand,  we  may  well 
conclude  that  with  voltages  of  200  kilovolts 
and  plus,  no  alpha  or  beta  ray  effects  need 
be  seriously  considered,  nor  is  gamma  radia- 
tion per  se  a  source  of  danger  to  cell  life,  but 
only  when  releasing  its  energy  of  radiation 
under  prolonged  exposures  does  it  become  a 
serious  problem.  The  effects  of  super-radia- 
tion, therefore,  are  as  yet  only  partially 
visualized. 

We  are  all  familiar  with  the  distressing 
immediate  effects  of  a  massive  dose,  begin- 
ning with  nausea,  then  vomiting,  shock,  and 
prostration,  the  severity  of  which  varies  in 
proportion  to  the  length  of  time  the  rays  are 
applied  and  the  particular  radio-sensitiveness 
of  the  patient.  The  question  we  may  well  ask 
now  is  what  future  metabolic  or  destructive 
changes  are  to  be  anticipated  where  a  definite 
area  of  the  human  body  has  been  invaded  by 
eight  to  ten  hours  of  super-radiation?  The 
comparatively  brief  time  —  two  years  —  in 
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which  such  exposures  have  been  maintained, 
is,  in  the  writer's  opinion,  far  too  short  to 
determine  end-results,  either  curative  or 
pathological.  With  the  knowledge  before  us 
that  greater  time  is  necessary  to  ascertain 
delayed  pathological  reactions  even  in  the 
ordinary  technique  of  to-day,  would  it  not  be 
wise  to  desist  for  the  time  being  from  this 
heroic  method  and  adopt  a  safe  middle 
ground  position,  until  we  have  been  able  to 


study  late  cases  and  collect  sufficient  data 
for  tabulation  ?  In  the  meantime,  let  us  enter 
firmlv  but  cautiously  our  new  battlefields, 
with  the  fervent  hope  that  we  shall  succeed 
in  mastering  this  potent  force  without  the 
necessity  for  the  humiliating  admission  later 
that  we  have,  peradventure,  been  instrument- 
al in  producing  an  end-result  far  more  ter- 
rible in  its  consequences  than  the  dreadful 
disease  we  are  attempting  to  conquer. 


ROENTGEN  RAY  TREATMENT  OF  ACNE  VULGARIS' 

By.  J.  M.  MARTIN,  m.d.,  and  CHAS.  L.  ^IARTIN,  m.d. 

DALLAS,   TEXAS 


A  CNE  vulgaris  is  a  very  general  disease 
^  ^  and  appears  in  all  parts  of  the  country 
and  among  all  classes  of  people.  It  is  pretty 
equally  divided  between  the  sexes  and  is  most 
common  from  the  age  of  thirteen  to  that  of 
thirty-seven.  A  good  many  thus  afflicted  do 
not  apply  to  physicians  for  treatment,  but 
content  themselves  with  the  use  of  patent 
medicines,  soaps  and  creams.  A  large  number 
of  girls  in  the  cities  frequent  the  beauty  par- 
lors where  steaming,  massage,  comedo  ex- 
tractors, violet  rays,  and  ointments  are  free- 
ly used.  Others  apply  to  their  family  physi- 
cians who  advise  diets,  mineral  waters,  laxa- 
tives, various  kinds  of  ointments  and 
washes.  To  the  latter  the  dermatologist  usu- 
ally adds  the  curette,  the  lancet,  vaccines,  the 
Kromayer  lamp  and  in  some  cases  .t'-ravs. 

Under  the  simplest  treatment  most  cases 
appear  to  improve  for  a  time,  only  to  re- 
lapse. Some  appear  to  run  a  definite  course 
and  undergo  complete  resolution,  as  though 
the  disease  were  self-limited.  A  considerable 
number  of  these  cases,  after  going  the 
rounds  for  several  years  without  relief,  final- 
ly in  desperation  come  to  the  roentgenologist 
as  a  last  resort. 

It  has  often  been  argued  that  radiotherapy 
is  a  more  or  less  dangerous  agent  and  should 
not  be  employed  except  in  severe  types  of 
acne.  The  comedo  and  pustular  stages  of  the 
less    severe    types    are    unsightly    and    are 
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especially  objectionable  to  women  who  wish 
to  keep  their  skin  free  from  the  scars  and 
lifelong  disfigurement  that  result  from  pit- 
ting and  cicatricial  contraction  in  the  skin 
not  unlike  the  scars  from  smallpox.  We  feel 
that  such  types  should  receive  the  benefits 
of  irradiation  early  in  the  disease. 

In  this  connection  it  cannot  be  denied  that 
all  or  nearly  all  potent  therapeutic  measures 
are  dangerous  in  unskilled  hands,  and  the 
-t'-ray  is  no  exception  to  this  rule.  Accidents 
and  unfavorable  reactions  resulting  from 
treatment  given  during  the  evolution  of  a 
system  of  accurate  roentgen  therapy  should 
not  prejudice  the  physician  against  the  use 
of  so  valuable  a  curative  agent. 

The  etiology  of  acne  has  for  years  been 
a  moot  question.  In  an  editorial  in  the 
Medical  Record  in  1896  it  is  stated  that 
"acne  is  an  inflammation  of  the  sebaceous 
glands  and  adjacent  tissue."  The  causes  are 
divided  into  the  three  following  classes:  (i) 
The  over-production  of  sebum;  (2)  impedi- 
ments to  the  escape  of  sebum,  and  (3)  irri- 
tation of  the  glands  by  foreign  matters,  such 
as  pyogenic  organisms  from  the  outside  or 
drugs  eliminated  through  the  glands.  The 
same  writer  c[uotes  Dr.  R.  A.  McDonnell 
as  saying  that  "the  causative  factors  of  acne 
may  be  increased  to  eighteen  or  twenty," 
from  which  the  writer  draws  the  conclusion 
that  "acne  may  be  produced  by  almost  any- 
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thing  from  indigestion  to  a  state  of  exalted 
self-consciousness."  Recent  authors '  have 
added  little. 

Acne  is  characterized  by  several  stages  of 
development  rather  than  by  distinct  types. 
The  papules  may  remain  as  such  for  a  con- 
siderable time  and  then  undergo  resolution, 
or  they  may  increase  in  size  until  they  be- 
come tubercles,  or  suppuration  may  take 
place  within  the  sebaceous  glands  and  the 


dermic  abscesses  may  be  formed.  Semon,^ 
in  a  recent  article,  mentions  the  fact  that 
periglandular  fibrosis  occurs  which  is  often 
exceedingly  dense.  He  feels  that  this  fibrosis 
protects  bacteria  lying  within  the  glands 
from  the  action  of  vaccines. 

The  diagnosis  of  acne  should  not  be  dif- 
ficult. The  affection  most  likely  to  simulate 
acne  is  acnitis  which  has  been  called  "Dis- 
seminated   Follicular    Lupus,"    "Acne    Ro- 


FiG.  I.  A  portion  of  normal  skin  from  the  abdomen 
of  a  guinea  pig  showing  a  hair  follicle  to  which  is 
attached  a  sebaceous  gland  high  up  on  the  right 
side  as  indicated  by  the  arrow.  The  sebaceous 
glands  in  this  region  are  all  small. 

hair  follicles,  thereby  producing  pustules. 
Healing  of  the  pustules  produces  atrophic 
scars,  pitting,  and  cicatricial  tissue  in  the 
skin. 

Most  investigators  believe  that  the  earlier 
lesions,  that  is,  the  small  papules,  result 
from  the  infiltration  of  plasma  cells,  giant 
cells,  mast  cells  and  fusiform  cells  about 
the  outlets  of  the  sebaceous  glands.  As  the 
infiltration  continues  and  the  entire  gland 
and  later  the  hair  follicle  are  surrounded  by 
the  infiltrating  cells  a  large  papule  and  final- 
ly a  tubercle  is  formed.  At  times  several 
glands  and  follicles  may  be  involved  in  one 
lesion.  When  suppuration  sets  in  leukocytes 
appear  and  the  glandular  structure  is  des- 
troyed. In  some  cases  the  destructive  process 
also   involves   the   hair   follicles   and   small 


Fig.  2.  A  portion  of  skin  removed  from  the  abdomen 
of  a  guinea  pig  two  days  after  the  administration 
of  an  erythema  dose  of  .r-rays  to  this  region.  The 
arrows  indicate  sebaceous  glands  which  have  a 
normal  histological  appearance. 

dens,"  "Acne  Necrotica,"  etc.  Ketron'  in  an 
excellent  article  has  pointed  out  the  follow- 
ing points  characteristic  of  acnitis  as  dis- 
tinguished from  acne:  (i)  Its  resemblance 
in  color  and  general  aspect  to  lupus  tissue: 
(2)  its  indolent  and  non-inflammatory 
course;  (3)  its  unsusceptibility  to  or- 
dinary acne  therapy.  From  a  careful  his- 
tologic study  of  tissue  afifected  with 
acnitis,  Ketron^  thought  he  had  located  the 
beginning  lesions.  Nodules  of  infiltrating 
cells  lay  in  the  lower  half  of  the  cutis  and 
were  in  no  way  connected  with  the  sweat 
glands,  hair  follicles  or  sebaceous  glands, 
but  lay  along  the  blood-vessels.  Ketron^  be- 
lieved that  the  primary  lesions  of  acnitis 
originate  in  the  small  blood-vessels  at  vari- 
ous depths  in  the  cutis. 
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In  reviewing  the  literature  on  the  roentgen 
treatment  of  acne  we  w^ere  surprised  to  find 
as  far  back  as  1896  rather  detailed  reports 
of  cases  that  were  successfully  treated.  In 
spite  of  the   fact  that  a  good  many  ugly 


results  indicated,  according  to  their  state- 
ment, that  the  ;r-ray  was  the  most  effective 
and  reliable  of  any  method  of  treatment 
known  up  to  that  time.  In  1908  Sutton,® 
after  discussing  other  methods  of  treatment, 
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Fig.  3.  Skin  removed  four  days  after  exposure.  In 
the  following  illustrations,  the  arrows  indicate  the 
location  of  the  sebaceous  glands. 

;r-ray  burns  occurred  during  the  early  days 
of  roentgen  therapy,  many  roentgenologists 
persevered  in  their  efforts  and  obtained  sur- 
prisingly good  results.  Viewing  the  rise  of 
roentgen  therapy  in  the  light  of  our  present 
knowledge,  we  are  forcibly  reminded  that 
''fools  rush  in  where  angels  fear  to  tread." 
Following  along  untrodden  paths,  without 
accurate  means  of  dose  determination,  the 
wonder  is  that  accidents  were  so  rare. 

In  1896  Ullman*  reported  the  cure  of  a 
case  of  acne  treated  by  .^r-rays.  In  1898  Gau- 
tier^  treated  three  cases  that  resulted  favor- 
ably after  other  methods  had  failed.  In  1900 
Schiff^  and  Freund  of  Vienna  used  rather 
heroic  doses  of  jr-rays  in  the  treatment  of 
acne,  with  gratifying  results.  In  1902  R.  R. 
Campbeir  reported  fifteen  cases  of  acne 
treated  by  roentgen  therapy  with  universally 
good  results.  His  patients  ranged  in  age  from 
fifteen  to  thirty-seven  years,  seven  being  over 
twenty-four  and  three  over  thirty.  In  1904 
Toroeck  and  Schein^  reported  seven  cases  of 
acne    vulgaris    treated    with    .^r-rays.    Their 


Fig.  4.  Skin  removed  six  days  after  exposure. 

stated  that  A'-ray  treatment  gave  brilliant  re- 
sults at  times.  In  191 2  Fisher"  had  treated 
twenty-one  cases  with  uniformly  good  re- 
sults. In  191 7  Hazen^^  had  treated  forty 
cases.  Twelve  cases  were  cured ;  fifteen  cases 
were  improved. 

Up  to  the  time  that  we  abandoned  the  use 
of  the  iiiduction  coil  and  gas  tube  in  super- 
ficial therapy,  we  had  treated  thirty  cases  of 
acne  in  various  stages  of  development. 
While  we  had  worked  out  a  dependable 
technique  and  tried  to  keep  the  factors  as 
constant  as  possible  by  following  a  standard 
routine,  all  men  of  experience  know  that  the 
gas  tube  is  a  variable  quantity  and  that  it  is 
next  to  impossible  to  repeat  the  dosage  in 
a  given  case  or  to  duplicate  results  in  a 
series  of  cases.  Because  of  these  facts  it  was 
necessary  to  stay  well  within  the  zone  of 
safety  for  the  average  case.  In  all  lines  of 
medical  and  surgical  endeavor  the  lack  of  an 
absolute  standard  of  technique  has  often 
been  responsible  for  mistakes  and  accidents 
at  the  hands  of  the  enthusiast. 

The  introduction  of  the  large  auto-con- 
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trolled  transformer,  the  broad- focus  Cool- 
idge  tube  and  the  reliable  milliamperemeter 
have  made  possible  the  adoption  of  an  abso- 
lute standard  technique  by  means  of  which 
therapeutic  results  may  be  repeated  over  and 
over  again  w^ith  almost  mathematical  ac- 
curacy. The  important  factors  that  enter 
into  every  .r-ray  exposure  are  ( i )  the  volt- 
age, (2)  the  milliamperage,  (3)  the  distance 
from  the  target  of  the  tube  to  the  surface 
treated,  (4)  the  length  of  the  exposure  in 
minutes,  and  ( 5 )  the  composition  and  thick- 
ness of  the  filters.  The  factors  likely  to  pro- 
duce the  greatest  degree  of  variation  are 
voltage  and  amperage.  The  auto-controlled 
transformer  and  a  more  reliable  milliam- 
peremeter have  left  little  to  be  desired  in  the 
way  of  apparatus. 

More  attention  in  the  future  must  be  paid 
to  the  standardization  of  .r-ray  apparatus. 
The  painstaking  roentgenologist  must  have 
constantly  at  his  command  a  means  of  test- 
ing his  equipment  at  regular  intervals  for 
defects  resulting  from  wear  and  deteriora- 
tion. A  very  slight  variation  of  any  one  or 
more  of  the  above  five   factors  will  result 


meters  in  series  we  were  astounded  to  note 
that  no  two  indicated  the  same  amount  of 
current  passing  through  them.  Which  one 
was  correct?  We  had  no  means  of  determin- 
ing this  fact.  It  was  necessary  to  procure 
a  standard  meter  before  we  could  determine 
the  error  existing  in  the  other  meters.  We 
secured  a  standard  milliamperemeter  and 
found  that  but  one  out  of  four  of  the  instru- 
ments that  we  had  been  using  was  correct. 
All  were  high  class  meters  and  were  prob- 
ably correctly  adjusted  when  received  from 
the  makers.  Two  of  the  milliamperemeters 
that  we  had  been  using  extensively,  when 
placed  on  test  with  a  five-milliampere  cur- 
rent, indicated  three  and  seven  milliamperes 
respectively.  When  the  current  strength  was 
increased  so  that  the  first  meter  indicated 
five  milliamperes,  the  actual  current  in  the 
circuit  was  about  seven  milliamperes.  When 
the  current  was  so  adjusted  that  the  second 
meter  read  five  milliamperes,  the  actual  cur- 
rent flowing  was  about  three  milliamperes. 
We  believe  that  every  roentgenologist  should 
have  a  standard  milliamperemeter  and  test 
all  other  instruments  by  it  every  two  weeks, 


Fig.  5.  Skin  remo\  1 


lulu  days  after  exposure. 


in  a  corresponding  change  in  the  therapeutic 
effect  obtained.  This  fact  was  forcibly 
brought  to  our  attention  several  months  ago 
when  we  were  examining  several  high  ten- 
sion milliamperemeters.  After  placing  these 


Skin  removed  ten  days  after  exposure. 


if  mistakes  and  uncertainty  are  to  be  avoided 
when  using  borderline  doses  of  .r-rays. 

Having  overcome  the  variable  milliam- 
peremeter to  a  practical  degree,  at  least,  we 
began  a  study  of  exposures  producing  a  skin 
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reaction  which  would  be  safe  in  the  treat- 
ment of  superficial  skin  conditions.  After 
considerable  experimental  work  with  an 
auto-controlled  transformer  and  a  broad- 
focus  Coolidge  tube  the  following  factors 
were  adopted  and  have  been  used  regularly 
and  with  very  gratifying  results  in  the  treat- 
ment of  acne  and  all  superficial  skin  lesions: 
(i)  A  five-inch  parallel  spark  gap;  (2)  five 
milliamperes;  (3)  target  skin  distance  of  ten 


desired  results.  In  blonds  and  thin-skinned 
brunettes,  the  time  of  exposure  should  not 
be  over  three  minutes.  If  the  first  treat- 
ment does  not  produce  the  desired  reaction, 
as  sometimes  happens,  the  period  between 
treatments  may  be  shortened.  As  a  rule, 
however,  one  treatment  a  week  under 
normal  conditions  will  be  sufficient  to  pro- 
duce good  results  in  all  but  the  most  severe 
types  of  acne.   The  Kienboeck  quantimeter 


Fig.  7.  Skin  removed  twelve  days  after  exposure. 
Note  the  thickened  collagen  bundles,  the  absence 
of  sebaceous  glands  and  hair  follicles.  The  thicken- 
ing of  the  germinal  layer  and  desquamation  of  the 
hornv  laver. 


inches;  (4)  an  exposure  time  of  from  three 
to  five  minutes,  and  (5)  a  filter  of  .5  milli- 
meters of  aluminum  placed  just  beneath  the 
tube  and  a  piece  of  leather  placed  directly 
over  the  area  exposed.  With  these  factors 
a  single  exposure  of  twenty-five  milliampere 
minutes  will  produce  a  mild  degree  of  re- 
action in  the  average  skin.  This  exposure 
should  under  no  circumstances  be  repeated 
in  less  than  a  week  unless  a  considerable 
degree  of  dermatitis  is  desired.  In  the  milder 
types  of  acne  one  treatment  a  week  for  two 
or  three  weeks  will  usually  suffice,  but  in 
the  deep  pustular  and  indurated  types,  more 
active  treatment  or  a  much  longer  period  of 
time  and  a  larger  number  of  treatments  will 
frequently  be  necessary  to  accomplish  the 


Fig.  8.  Large  sebaceous  glands  observed  in  skin  of  a 
guinea  pig  just  outside  the  borders  of  a  chronic 
.r-ra}'  burn. 

with  its  fussy  paper  strip  development,  the 
Holzknecht  quantimeter  .with  the  barium 
platino-cyanide  pastilles,  and  the  Hampson 
radiometer  which  also  depends  upon  a  sen- 
sitive color  reading,  have  not  in  our  experi- 
ence been  found  sufficiently  reliable  to  take 
the  place  of  the  more  dependable  dosage 
obtained  by  factor  determination. 

In  discussing  any  therapeutic  measure  w^e 
feel  that  it  is  proper  to  attempt  to  demon- 
strate as  nearly  as  possible  the  effect  pro- 
duced on  the  living  organism.  One  may 
assume  that  the  effects  of  the  roentgen  rays 
applied  to  the  skin  in  acne  are  in  some  way 
related  to  the  sebaceous  glands,  but  a  histo- 
logical study  of  such  effects  has  not  so  far 
as  we  know  been  carried  out.  It  has  not  been 
our  good    fortune    for  obvious   reasons   to 
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obtain  sections  of  skin  from  patients  under 
treatment;  but  we  have  observed  certain 
changes  in  irradiated  skin  of  animals  which 
may  be  of  interest.  In  1919  a  series  of  ex- 
periments on  animal  skin  was  carried  out 
by  one  of  us  under  the  direction  of  Dr.  S. 
B.  Wolbach  at  the  Harvard  Medical  School 
in  Boston.  A  resume  of  this  work  was  pub- 
lished in  a  previous  article.^"  However,  no 


adjusted  that  it   covered   a  portion   of  the 
upper  abdomen. 

A  medium- focus  Coolidge  tube  energized 
by  a  Biddle  .r-ray  coil  was  placed  directly 
above  the  hole  in  the  shield  so  that  the  target 
skin  distance  was  about  twelve  inches.  No 
filter  was  used.  The  skin  of  guinea  pigs  is 
very  resistant  and  it  was  found  necessary  to 
use  forty-five  minute  exposures  with  a  2^ 


Fig.    9.    Indurated    pustular    type    of    acne    vulgaris 
before  .r-ray  treatment.  July  27,  1920. 

Special  attention  was  paid  to  the  sebaceous 
glands  at  that  time  and  it  now  seems  worth 
while  to  point  out  some  of  the  changes  ob- 
served. These  experiments  were  undertaken 
for  the  purpose  of  studying  the  changes 
that  occur  in  the  skin  after  it  has  been  ex- 
posed to  an  unfiltered  dose  of  soft  rays  just 
sufficient  to  cause  tanning  and  desquama- 
tion. Since  this  is  the  dose  that  appears  to 
give  good  results  in  acne  it  seems  logical  to 
assume  that  the  changes  in  the  experimental 
material  are  probably  very  similar  to  those 
occurring  in  the  subject  receiving  treatment. 
Six  white  guinea  pigs  were  selected,  all 
of  about  the  same  size.  The  abdomens  were 
shaved  and  the  animals  were  one  after  an- 
other fastened  with  their  backs  down  on  an 
animal  board  and  covered  with  a  lead  screen 
in  which  a  square  hole  measuring  2^  cm. 
on  a  side  had  been  cut.  This  square  was  so 


Fig.  10.  Same  case  as  Figure  9. 

inch  parallel  spark  gap  and  ten  milliamperes 
flowing  through  the  tube  to  produce  the  de- 
sired results.  The  six  guinea  pigs  were  given 
this  exposure  on  the  same  day.  One  animal 
was  killed  every  two  days  thereafter,  and 
the  skin  of  the  exposed  area  sectioned.  The 
pig  killed  on  the  twelfth  day  showed  a  well- 
marked  tan  and  a  definite  desquamation. 
Other  animals  receiving  this  dose  and  ob- 
served for  a  month  never  developed  ulcera- 
tion and  showed  no  signs  of  the  irradiation 
except  an  alopecia. 

Photomicrographs  of  sections  from  the 
exposed  areas  are  shown  in  the  accompany- 
ing illustrations.  Figure  i  shows  a  hair 
follicle  and  its  sebaceous  gland  in  the  normal 
skin  of  a  guinea  pig.  It  is  interesting  to  note 
how  small  this  gland  is  as  compared  with 
those  found  in  human  skin.  Figures  2,  3,  4, 
5,   6  and   7  represent   successive  stages   in 
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the  development  of  the  roentgen  ray  derma- 
titis produced. 

The  chief  changes  noted  are  a  thickening 
and  desquamation  of  the  horny  layer,  a 
flattening  out  of  the  sulci  and  papilli;  a 
definite  thickening  of  the  germinal  layer;  a 
gradual  shrinking  of  the  hair  follicles 
with  loss  of  the  hair  shafts;  a  marked 
thickening  of  the  collagen  bundles  of  the 
corium,  and  a  disappearance  of  the  se- 
baceous glands  at  about  the  time  that  the 
hair  follicles  begin  to  shrink.  At  the  end  of 
eight  days  there  are  few  such  glands  in  the 
exposed  area,  and  an  occasional  one  may  be 
observed  in  the  ten-day  section,  as  indicated 
by  the  arrows.  In  the  twelve-day  section  no 
glands  were  found.  A  careful  study  of  the 
structure  of  the  glands  found  in  the  eight 
and  ten-day  sections  showed  no  definite 
evidence  of  degeneration.  This  is  rather  dis- 


FiG.  II.  Illustrating  the  desquamative  stage  and  the 
free  use  of  the  white  wash  following  the  erythema 
dose  of  roentgen  rays. 

couraging  since  these  sections  seem  to  in- 
dicate that  a  destruction  of  the  glands  must 
occur  at  about  the  time  that  the  hair  follicles 
begin  to  change.  There  can  be  no  doubt  that 


the  rays  have  a  destructive  action  on  these 
structures  for  they  are  quite  plentiful  in  the 
sections  of  normal  skin,  ancl  their  absence 
in  the  twelve-day  sections  can  hardly  be 
called  a  coincidence. 

It  might  be  assumed  that  very  small  doses 
of  rays  have  a  stimulating  effect  on  the 
glands  since  they  are  supposed  to  stimulate 
other  structures.  In  support  of  this  assump- 
tion, it  may  be  stated  that  the  sebaceous 
glands  shown  in  Figure  8  are  by  far  the 
largest  observed  in  any  of  the  material  at 
hand.  This  photomicrograph  shows  a  sec- 
tion taken  just  outside  of  a  chronic  ulcer 
in  the  abdomen  of  a  guinea  pig  produced  by 
repeatedly  exposing  the  skin  with  the  ap- 
paratus already  described.  Whatever  rays 
reached  this  region  must  have  been  second- 
ary rays  coming  from  the  edges  of  the  lead 
shield.  The  epithelium  is  markedly  thick- 
ened, but  none  of  the  other  changes  ob- 
served in  tissues  receiving  direct  irradiation 
are  made  out. 

Since  the  skin  receiving  treatment  for 
acne  often  shows  a  marked  tan  and  then 
becomes  dry  and  desquamates,  we  feel  that 
the  sebaceous  glands  are  probably  partially 
destroyed  rather  than  stimulated  by  the 
treatment.  If  this  be  the  case,  the  other 
changes  described  probably  occur  also.  The 
bearing  of  such  changes  on  the  improve- 
ment obtained  in  acne  cases  opens  up  a  field 
for  conjecture.  If  the  sebaceous  glands  are 
seats  of  infection  in  acne,  as  many  invesi- 
gators  believe  they  are,  it  seems  reasonable 
to  believe  that  destruction  of  such  glands 
bv  means  of  the  i-oentgen  ray  should  effect 
a  cure  just  as  it  apparently  does  in  cases  of 
tonsillitis,  where  the  enlarged  tonsil  shrinks 
down  under  irradiation  and  becomes  a  poor 
place  for  bacteria  to  grow. 

SUMMARY 

1.  Acne  vulgaris  may  be  confused  with 
acnitis;  but  since  radiation  is  benejficial  in 
both  conditions  a  differential  diagnosis  is 
not  essential. 

2.  All  types  of  acne  vulgaris  appear  to 
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improve  under  roentgen  ray  treatment  pro- 
vided the  proper  degree  of  skin  reaction  is 
obtained. 

3.  Good  results  depend  upon  a  careful  ap- 
plication of  definite  doses  of  rays  accuratelv 
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Fig.  12.  Same  case  on  Jan.  25,  1921.  Desquamation 
is  complete  and  the  skin  is  soft  and  smooth.  The 
cicatricial  scars  are  less  pronounced  than  before 
treatment. 


measured  with  meters  calibrated  at  frequent 
intervals. 

4.  We  find  it  impossible  at  the  present 
writing  to  describe  the  histological  changes 
resulting  from  the  irradiation  of  human  skin 
showing  acne  lesions.  It  is  to  be  hoped  that 
such  studies  will  be  carried  out  in  the  near 
future. 
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THE  X^RAY  IN  DERMATOLOGY* 


By  C.  guy  lane,  m.d. 

Assistant   Dermatologist,  Massachusetts  General  Hospital 

BOSTON,    MASSACHUSETTS 


TOURING  the  past  eighteen  months  the 
^^  A'-Ray  Department  of  the  Massachu- 
setts General  Hospital  has  been  treating 
skin  diseases  under  a  plan  slightly  different 
from  that  formerly  employed.  One  morning 
a  week,  and  part  of  the  time  two  mornings  a 
week  have  been  given  over  to  the  treatment 
of  these  conditions.  It  is  my  intention  to  re- 
port briefly: 

1.  Upon  the  amount  of  work  \vhich  this 
clinic  has  done. 

2.  In  a  general  way,  the  methods  of  treat- 
ment used  in  this  class  of  cases. 

3.  The  results  which  have  been  obtained 
during  this  period. 

I.  From  October,  1919,  until  April  i, 
1 92 1,  a  year  and  a  half,  the  total  number  of 
treatments  for  cutaneous  conditions  has  been 
656.  There  have  been  989  visits  to  the  clinic 
for  this  group  of  cases.  The  number  of  dif- 
ferent cases  which  have  been  under  treat- 
ment is  179.  Eighty  per  cent  of  these  cases 
include  the  following  diseases: 

1.  Ringworm  of  the  scalp,  45  cases,  includ- 
ing both  the  ordinary  form  and  the  cases  of 
favus. 

2.  Pruritus,  30  cases,  including  cases  of 
itching,  both  local  and  general  in  character, 
and  of  more  or  less  indeterminate  origin. 

3.  Epithelioma,  the  superficial  cutaneous 
cancers,  usually  of  the  basal-cell  type,  25 
cases. 

4.  Eczema,  14  cases,  mostly  chronic  in- 
filtrated cases. 

5.  Acne,  13  cases. 

6.  Sycosis  vulgaris,  the  pyogenic  folliculi- 
tis of  the  bearded  area,  12  cases. 

The  other  20  per  cent  of  the  cases  include 
eighteen  other  diagnoses,  only  comparatively 
few  of  any  one  diagnosis  being  treated. 

*Read'  before   the  New   England 


II.  In  speaking  of  the  methods  which  have 
been  used  in  the  treatment  of  these  skin 
conditions,  for  the  sake  of  convenience  I  am 
dividing  these  cases  into  four  groups. 

1.  The  first  group  includes  those  cases  in 
which  the  treatment  has  been  given  by  un- 
filtered  rays  in  small  doses;  that  is,  in  frac- 
tional doses  of  one  fourth  to  one  eighth  of 
the  amount  necessary  to  produce  erythema 
on  the  average  skin,  the  treatments  being 
given  every  week  or  every  two  weeks.  This 
type  of  treatment  has  been  given  to  more  or 
less  generalized  superficial  conditions;  for 
example,  puritus,  eczema,  acne  and  sycosis. 

2.  The  second  group  includes  those  cases 
which  have  been  treated  with  the  unfiltered 
ray  in  an  amount  necessary  to  produce  fall- 
ing out  of  the  hair,  that  is,  an  epilating 
dose.  This  amounts  to  approximately  an 
erythema  dose  on  a  sensitive  skin.  Only  one 
treatment  has  been  given  to  these  cases, 
which  include  cases  of  ringworm  and  favus. 

3.  The  third  group  includes  those  cases 
to  which  an  unfiltered,  rather  intensive  dose 
has  been  given ;  that  is,  of  one  and  a  half 
times  to  twice  an  erythema  dose,  repeated 
after  three  or  four  weeks  if  necessary.  This 
has  been  given  to  the  epitheliomas  and  to 
some  of  the  keratoses  occurring  on  senile 
skin. 

4.  The  fourth  group  includes  those  cases 
to  which  a  filtered  dose  has  been  given, 
using  I  or  2  mm.  of  aluminum,  and  using 
an  amount  which  is  just  below  an  erythema 
dose.  This  has  been  repeated  every  three  or 
four  weeks.  This  class  of  cases  includes 
rather  sharply  localized  diseases  such  as 
keloid,  tuberculosis  of  the  skin,  lupus,  etc. 

As  factors  in  the  actual  treatment  of  these 
skin  conditions,  the  following  standards  of 
spark  gap,  milliamperage,  distance  and  time 
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have  been  used.  The  spark  gap  has  been  six 
inches,  measured  between  points.  This  same 
gap  has  been  used  even  when  the  filtered 
treatment  has  been  given.  Five  milliamperes 
has  practically  always  been  used.  A  distance 
of  eight  or  twelve  inches  from  the  target  of 
the  Coolidge  tube  has  been  adopted,  varied 
to  a  certain  extent  according  to  the  size  of 
the  area  to  be  treated,  an  eight-inch  distance 
being  used  on  the  sharply  localized  condi- 
tions. Occasionally  a  1 6-inch  distance  has 
been  used  on  the  more  generalized  conditions 
and  the  time  increased  proportionately.  The 
time  has  been  varied  in  accordance  with  the 
result  desired.  On  the  particular  apparatus 
employed  in  this  series  a  little  less  than  two 
minutes  has  been  found  to  produce  satisfac- 
tory epilation  at  8  inch  distance,  without 
a  filter.  For  filtration  i  millimeter  of 
aluminum  has  been  used,  2  millimeters 
occasionally,  and  3  millimeters  very  sel- 
dom. In  the  treatment  of  ringworm  of  the 
scalp  the  usual  Kienboeck-Adamson  method 
of  application  has  been  employed,  giving  one 
epilating  dose  to  each  of  five  areas. 

in.  The  results  which  have  been  obtained 
may  be  divided  more  or  less  arbitrarily  into 
three  groups: 

1 .  Those  diseases  in  which  the  results  have 
been  satisfactory.  In  this  group  are  certain 
diseases  which  respond  more  satisfactorily 
to  .r-ray  than  to  any  other  form  of  treat- 
ment. 

2.  Those  in  which  the  results  have  been 
only  fair. 

3.  Those  in  which  the  results  have  been 
unsatisfactory.  This  group  will  show  certain 
diseases  in  which  the  results  of  treatment  by 
.ar-ray  in  this  clinic  are  not  as  satisfactory  as 
the  results  obtained  in  private  practice  or 
reported  from  other  clinics,  but  this  paper 
has  been  designed  primarily  to  report  upon 
the  results  obtained  in  this  clinic  by  treat- 
ment during  this  particular  period  of  time. 

GROUP  I 

Ringworm. — This  is  one  of  the  diseases 


which  has  responded  more  satisfactorily  to 
.a'-ray  than  to  any  other  form  of  treatment. 
The  superiority  of  .r-ray  treatment  over  the 
older  methods  is  emphasized  by  two  facts; 
( I )  That  the  duration  of  the  contagious  per- 
iod is  shortened  ;  (2)  that  their  absence  from 
school  because  of  the  disease  is  very  materi- 
ally lessened.  These  cases  have  been  treated, 
as  I  have  said,  by  the  application  of  an 
epilating  dose  to  each  one  of  five  areas.  A 
satisfactory  epilation  has  been  obtained  in 
the  majority  of  cases,  though  in  the  course 
of  standardizing  the  ^r-ray  apparatus  a  few 
cases  have  resulted  in  insufficient  epilation 
on  account  of  the  intention  to  be  on  the  safe 
side  in  instituting  a  somewhat  different 
method.  To  date  no  permanent  alopecias 
have  been  produced,  and  only  a  few  cases 
have  shown  recurrence,  these  being  among 
the  ones  in  whom  insufficient  epilation  was 
produced.  It  has  been  particularly  interest- 
ing to  me  to  observe  the  good  results  ob- 
tained, with  only  70  or  80  per  cent  epilation, 
in  those  cases  in  which  after-treatment  has 
been  carried  out  satisfactorily.  At  the  pres- 
ent time  we  are  in  the  course  of  treating 
an  epidemic  of  nine  cases  which  recently 
appeared  at  the  Waverly  School  for  Feeble- 
Minded. 

Epithelioma. — It  is  not  my  intention  to 
discuss  the  relative  value  of  surgery,  radium, 
or  .I'-ray  in  such  cases,  but  only  to  discuss 
those  referred  to  this  department.  In  only 
three  has  there  been  any  difficulty  in  des- 
troying the  lesion.  These  are  probably  cases 
of  the  squamous  cell  type.  Others,  as  well  as 
the  keratoses,  have  responded  to  treatment. 
I  believe  that  thorough  curetting  of  the 
lesions  before  treatment  renders  fewer  treat- 
ments necessary,  and  in  many  cases  one,  and 
occasionally  two,  treatments  have  been 
enough.  I  believe  that  the  dosage  should  be 
nearer  twice  an  erythema  dose,  unfiltered,  in 
order  to  obtain  the  most  satisfactory  results. 

Neurodermite. — This  term  is  the  name  re- 
cently applied  to  a  distinct  type  of  chronic 
eczema,  manifesting  itself  usually  by  sharply 
localized,  lichenified.  excoriated  areas.  These 
areas  are  usually  of  long  duration,  and  there 
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is  usually  intense  itching  associated  with  the 
condition.  These  cases,  without  exception, 
have  become  well  with  fractional,  unfiltered 
doses,  administered  once  a  week,  or  once  in 
two  weeks. 

Mycosis  Fungoides. — This  is  a  serious 
disease,  and  tends  to  progress  and  end  in  a 
fatal  outcome.  The  usual  methods  of  treat- 
ment are  of  no  avail.  X-ray  treatment  is  the 
only  form  of  treatment  which  has  aided  the 
involution  of  the  lesions  and  relieved  the 
individual  of  the  intense  itching  which  ac- 
companies the  disease.  Sooner  or  later,  treat- 
ment with  .r-ray  fails  to  produce  this  effect, 
but  in  the  three  cases  which  have  been 
treated  the  itching  has  disappeared  and  the 
lesions  have  disappeared  for  the  present  at 
least.  It  is  not  expected,  however,  that  a 
cure  has  resulted.  These  cases  have  all  been 
in  the  earlier  stages,  without  much  infiltra- 
tion or  tumor  formation,  and  have  been 
treated  by  the  fractional  method. 

Chronic  Eczema. — These  cases  have  been 
chronic  ones  with  considerable  infiltration, 
with  fissures,  and  oozing,  accompanied  by 
the  usual  marked  pruritus.  The  majority  of 
these  cases  have  been  relieved  of  the  itching, 
the  infiltration  has  faded  away,  the  fissures 
have  closed,  and  the  skin  has  assumed  a  very 
nearly  normal  feeling  and  appearance.  They 
have  been  treated  with  the  fractional,  un- 
filtered dosage,  though  a  few  have  been 
given  a  little  larger  dosage,  perhaps  amount- 
ing to  one  half  an  erythema  dose,  and  re- 
peated at  slightly  longer  intervals.  In  those 
cases  which  have  not  responded,  I  believe 
that  they  have  not  been  able  to  return  for 
consistent  treatment,  or  that  it  has  not  been 
possible  for  the  patient  to  cooperate  with  us 
to  a  certain  degree. 

Blastomycosis. — The  one  case  which  has 
been  treated  was  given  potassium  iodid  for 
a  period  after  he  first  came  to  the  skin  clinic. 
Very  little  change  in  the  lesion  was  noted 
until  jr-ray  treatment  was  instituted  though 
the  dose  of  potassium  iodide  was  kept  at 
the  same  amount.  This  case  was  found  to 
progress  much  more  satisfactorily  still  after 
the  use  of  the  more  intensive  filtered  treat- 
ments. 


Pruritus. — In  this  condition  .^--ray  treat- 
ment has  been  a  court  of  last  resort  in  many 
cases,  and  it  is  more  or  less  surprising  to 
observe  the  number  of  cases  which  have  been 
relieved.  There  has  usually  been  much  pre- 
vious treatment  and  there  have  often  been 
pathological  conditions  produced  in  the  skin 
by  the  scratching.  In  these  latter  cases,  I  feel 
that  the  best  results  have  been  obtained.  In 
the  cases  which  show  very  little  except  a  few 
scratch  marks,  but  complain  of  a  good  deal 
of  itching,  the  relief  of  symptoms  has  not 
been  as  great.  In  the  long-continued  cases 
of  itching  often  seen  on  senile  skins,  the 
results  have  not  been  as  good.  The  vulvar 
and  anal  cases  have  almost  without  excep- 
tion been  relieved.  The  time  has  been  too 
short,  of  course,  to  state  whether  this  relief 
is  permanent. 

GROUP   II 

In  this  class  are  those  diseases  in  which 
the  results  as  a  whole  have  not  been  as  good, 
that  is,  the  results  would  only  be  classed  as 
fair. 

Acne. — These  cases  have  been  treated 
with  the  unfiltered,  fractional  ray,  giving 
one  fourth  to  one  eighth  of  an  erythema  dose 
to  each  side  of  the  face,  and  one  half  of  this 
dose  to  the  median  line.  These  treatments 
have  been  given  once  a  week,  or  once  in  two 
weeks.  A  series  of  eight  treatments  has  been 
given.  In  about  one  half  of  these  cases 
marked  improvement  has  been  noted  coinci- 
dent with  the  treatment,  the  first  improve- 
ment noted  being  in  the  lessening  of  the  oily 
appearance  of  the  skin.  I  believe  that  a  larger 
number  of  these  cases  will  improve  under 
more  regular  treatment  and  a  longer  period 
of  treatment  than  many  of  them  have  re- 
ceived. I  further  believe  that  the  treatment 
can  be  given  if  care  and  accuracy  are  used, 
without  any  detrimental  after  effect  on  the 
skin. 

Tuberculosis  of  the  Skin. — In  tuberculosis 
of  the  skin,  of  the  verrucous  type,  the  un- 
filtered rays  were  used  at  first  without  much 
benefit.  Experience  has  demonstrated  that 
certain  of  these  will  respond  to  filtered  treat- 
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ment  which  did  not  respond  to  the  unfiltered 
dosage.  I  beheve  that  it  is  not  wise  to  pro- 
long the  treatment  of  these  cases,  or  to  treat 
them  over  a  long  period  of  time  if  there  is 
not  a  fairly  prompt  improvement. 

FaviLS. — The  favus  cases  are  not  as  satis- 
factory cases  to  treat  as  the  ringworm.  They 
epilate  just  as  readily,  but  there  is  more 
tendency  to  a  recurrence  of  the  condition 
even  with  a  fairly  complete  epilation. 

Keloid. — The  few  cases  which  we  have 
had  have  not  remained  under  treatment,  or 
they  have  been  treated  too  recently  to  form 
an  opinion.  The  treatment  in  these  cases 
ought  to  be  satisfactory  with  fairly  intensive 
filtered  treatment. 

Acne  Keloid. — This  condition  consists  of 
grouped  acneiform  areas  on  the  back  of  the 
neck,  associated  with  the  appearance  of 
small  keloidal  growths  which  may  coalesce. 
The  keloidal  parts  of  these  lesions  have  re- 
sponded well,  but  the  follicular  infections 
have  tended  to  continue  even  under  epilating 
doses.  These  cases  have  been  treated  with 
a  fairly  intensive  filtered  ray,  sufficient  to 
produce  an  epilation.  About  half  of  these 
cases  have  become  well. 

Parasitic  Skin  Disease. — I  refer  to  cer- 
tain probable  ringworm  affections  of  the 
hands  and  feet,  although  it  has  not  been 
possible  to  demonstrate  any  of  these  organ- 
isms in  scrapings.  Two  of  these  cases,  par- 
ticularly, have  made  remarkable  improve- 
ment with  the  unfiltered,  fractional  treat- 
ment. 

GROUP  III 

This  group  includes  those  cases  in  which 
the  results  have  been  unsatisfactory. 

Sycosis. — In  sycosis  there  have  been  about 
three  of  the  cases  which  have  cleared  up 
coincidently  with  treatment  by  the  fractional 
dose  method  which  I  outlined  at  the  begin- 
ning of  this  paper.  Certain  others  have  not 


responded  even  with  epilating  doses.  Others 
have  not  been  under  treatment  long  enough 
to  draw  conclusions. 

Lupus  Vidgaris. — In  lupus  vulgaris  the 
treatment  of  the  older,  more  chronic  type, 
particularly  those  which  have  had  a  lot  of 
previous  treatment  of  one  kind  or  another, 
has  been  most  unsatisfactory.  In  those  of 
more  recent  development  in  which  a  fairly 
intensive  filtered  dose  has  been  given  the  re- 
sult has  been  more  favorable. 

Urticaria. — In  the  cases  of  chronic  urti- 
caria which  have  been  sent  to  the  clinic  for 
treatment  the  results  have  been  distinctly  un- 
satisfactory. 

Hyperhidrosis. — In  hyperhidrosis,  pro- 
longed sweating  of  hands,  feet  and  axillae, 
the  cases  under  treatment  have  been  some- 
what relieved  by  fractional  doses  of  one 
fourth  to  one  half  an  erythema  dose,  un- 
filtered ;  but  there  has  not  been  as  much 
improvement  as  would  be  expected  from  re- 
ports in  the  literature. 

Psoriasis. — Only  a  few  cases  have  been 
treated,  and  these  have  not  been  treated  con- 
sistently or  for  any  length  of  time.  The  re- 
sults have  not  been  satisfactory,  but  I  know 
that  in  the  chronic,  thickened,  inveterate 
patches  consistent  treatment  at  proper  inter- 
vals, over  a  longer  period,  in  unfiltered  frac- 
tional doses,  will  show  good  results. 

SUMMARY 

A'-ray  treatment  is  invaluable  in  the  treat- 
ment of  ringworm,  epithelioma,  certain  lich- 
enified  eczemas,  mycosis  fungoides,  blasto- 
mycosis, many  eczemas,  and  many  of  the 
itching  dermatoses. 

It  should  give  good  results  in  a  certain 
number  of  the  cases  of  acne,  acne  keloid, 
tuberculosis  of  the  skin,  favus  keloid,  cer- 
tain cases  of  parasitic  skin  disease,  hyper- 
hidrosis, and  psoriasis. 


TWO   CONTRASTING   CASES 

(i)  ADENOCARCINOMA  OF  THE  STOMACH  REVEALED  BY 

ROENTGENOGRAMS,  BUT  NOT  PALPABLE  ON  EXPLORATION 

BY  THE  SURGEON;  (2)  GASTRIC  ULCER  NOT  SHOWN  BY 

THE  ROENTGEN  RAY,  BUT  FOUND  AT  OPERATION 

By  RUSSELL  D.  CARMAN,  m.d. 
Section  on  Roentgenologj-,  Mayo  Clinic 

ROCHESTER,    MINNESOTA 


^  I  "'HE  cases  reported  here  are  of  interest 
-'-  because  one  demonstrates  the  difficulty 
experienced  sometimes  by  the  surgeon  in  lo- 
cating a  lesion  after  it  has  been  revealed  by 
the  roentgen  ray,  and  one  demonstrates  that 
the  roentgen  ray  is  not  infallible  in  the  diag- 
nosis of  gastric  ulcer. 


was  not  so  severe  when  he  did  not  eat.  Re- 
cently his  appetite  had  been  poor.  He  had 
vomited  several  times  but  there  had  been  no 
hematemesis  and  no  melena. 

The  physical  examination,  the  Wasser- 
mann  reaction,  and  examinations  of  the 
blood  and  urine  were  negative.  The  contents 


Fig.  I.  Deformity  of  the  greater  curvature;  the  pos- 
terior wall  at  S.  Note  the  prepyloric  narrowing 
due  to  spasm  at  P. 


Fig.  2.  Duodenal  deformity  at  D.  Xo  niche  or  de- 
formity suggestive  of  gastric  ulcer. 


REPORT  OF  CASES 

Case  343426.  Air.  B.  J.  H.,  aged  forty- 
five,  examined  December  10,  1920,  had  no- 
ticed gradually  increasing  physical  weak- 
ness for  eight  months.  During  the  last  two 
months  he  had  had  a  fairly  constant,  dull 
pain  in  the  epigastrium,  without  definite  re- 
lation to  the  taking  of  food  except  that  it 


of  the  stomach  did  not  show  free  hydro- 
chloric acid.  Roentgenograms  revealed  a 
lesion  on  the  posterior  wall  of  the  stomach 
near  the  greater  curvature  ( Fig.  i ) . 

At  operation  careful  palpation  of  the 
entire  stomach  failed  to  reveal  a  lesion. 
Nevertheless,  because  of  the  roentgen  ray 
findings  and  the  absence  of  lesions  in  any  of 
the  other  abdominal  orsfans  the  stomach  was 
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opened.  A  superficial  ulcerated  area  2.5  cm. 
in  its  longest  diameter  was  found  along  the 
greater  curvature.  It  was  shallow  and  there 
was  no  palpable  induration  on  the  edges  in 
the  surrounding  tissue.  Microscopic  examin- 
ation revealed  adenocarcinoma. 

The  case  is  of  particular  interest,  because 
if  the  surgeon  had  found  a  lesion  elsewhere 
in  the  abdomen  he  would  have  regarded  it  as 
a  cause  of  the  symptoms  and  would  not  have 
opened  the  stomach.  In  this  event  the  roent- 
gen finding  would  have  been  considered  er- 
roneus.  The  case  also  illustrates  the  value  of 
roentgen  findings  and  the  necessity  for  very 
careful  surgical  cooperation. 

Ca.se  354760.  Air.  H.  L.  K.,  aged  forty- 
nine,  had  had  gastric  trouble  for  thirty-one 
years  before  examination  at  the  Clinic,  April 
7,  1921.  The  "indigestion"  came  in  periodic 
attacks,  and  lasted  for  from  two  to  three 
weeks  with  intervals  varying  from  one  to 
twelve  months.  The  attacks  consisted  of  py- 
rosis and  epigastric  pain  coming  on  about 


two  hours  after  meals,  accompanied  by 
"water  brash."  The  patient  had  a  good  appe- 
tite; food  and  soda  often  afforded  moderate 
relief  from  pain. 

The  test  meals  revealed  normal  free,  and 
combined  acid;  the  roentgenograms  showed 
evidence  of  an  ulcer  of  the  duodenum  and  a 
moderate  six-hour  retention  (Fig.  2). 

At  operation  an  ulcer  of  the  duodenum 
was  found  and  excised.  The  pylorus  was 
hypertrophied  and  the  stomach  dilated.  The 
surgeon  was  at  a  loss  to  account  for  the 
large  stomach  and  the  retention,  as  there 
was  no  obstruction  of  the  duodenum.  Since 
55  per  cent  of  gastric  ulcers  produce  six- 
hour  retention  from  the  barium  meal,  the 
surgeon  made  a  further  examination  of  the 
stomach  and  a  small  ulcer  on  the  lesser  cur- 
vature, not  discoverable  in  the  roentgeno- 
logic examination,  was  found.  In  a  minority 
of  cases  of  concurrent  gastric  and  duodenal 
ulcer,  it  has  been  my  experience  that  the 
roentgen  examination  discloses  only  one  or 
the  other  ulcer. 


HEMANGIOMA  OF  THE  DUODENUM 

By  RUSSELL  D.  CARMAN,  m.d. 
Section  on  Roentgenology,  Mayo  Clinic 

ROCHESTER,    MINNESOTA 


'  I  "^  HE  case  of  hemangioma  of  the  duo- 
-*■  denum  reported  here  is  the  first  that 
has  been  encountered  in  the  Mayo  Clinic.  Its 
rare  and  interesting  roentgen  and  pathologic 
features  seem  to  justify  the  report. 

Case  356641.  Mrs.  B.  C,  aged  twenty- 
two,  came  to  the  Clinic  April  28,  1921,  com- 
plaining of  having  had  chronic  dyspepsia 
since  childhood.  During  the  last  eighteen 
months  she  had  suffered  from  two  acute  at- 
tacks of  indigestion,  lasting  about  two  days, 
which  were  considered  to  be  exacerbations 
of  her  usual  mild  attacks  with  added  diffuse 
epigastric  pain  and  soreness.  The  milder 
spells    were    characterized    by    nausea    and 


marked  frontal  headache  followed  by  sour 
emesis  and  relief. 

The  roentgen  examination  revealed  a  neg- 
ative stomach.  The  duodenum  was  shadowed 
as  a  ring  with  a  translucent  center,  sug- 
gesting the  presence  of  a  polypoid  growth 
( Fig.  I ) .  The  same  appearance  was  seen  at 
a  second  examination. 

Although  the  relation  between  the  unusual 
duodenal  deformity  and  the  symptoms  was 
purely  speculative,  exploration  was  made. 
The  gall-bladder  was  negative,  the  appendix, 
grade  i,  was  removed,  the  stomach  was 
rather  thick  walled  and  dilated.  The  pylorus 
was  wide  open ;  just  below  the  pylorus  in  the 
first  part  of  the  duodenum  was  a  tumor  7 
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Fig.   I    (356641).  Ring  or  cyst-like  detormity  of  the 
duodenal  bull),  due  to  polypoid  growth. 

cm.  by  5  cm.  completely  filling  the  duodenum 
and  with  a  sessile  attachment  to  the  duo- 
denal side  of  the  pyloric  ring.  The  tumor 
was  easily  enucleated  through  a  transverse 
incision  on  the  anterior  surface  of  the  duo- 
denum (Fig.  2). 

Pathologic  report:  Tumor  of  the  duo- 
denum, hemangioma  5  cm.  by  4  cm.  (Fig.3). 

In  a  casual  examination  of  the  literature  I 
have  found  but  one  somewhat  similar  case 
reported,  that  of  Winternitz  and  Boggs.  This 
case  was  that  of  a  male  mulatto,  aged  sixtv- 
five,  who  also  had  multiple  subcutaneous 
hemangio-endotheliomas.  At  necropsy  mul- 
tiple nodules  were  found  throughout  the  ali- 
mentary canal.  The  entire  intestinal  wall  was 
beaded  with  them;  they  varied  from  2  cm. 
to  6  cm.,  in  diameter  and  were  found  in  the 
esophagus,  duodenum,  throughout  the  small 


Fig.  2   (above).  Tumor  removed  from  the  first  por- 
tion of  the  duodenum. 
Fig.    3    (below).    Hemangioma   bisected. 

and    large    intestine,    and,    as    subsequently 

shown  on  histologic  examination,  also  in  the 

stomach 

diefestive  tract  had  been  made 


No  roentgen  examination  of  the 
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REPORT  OF  A  CASE  OF  OSTEOMA 


By  JOHN  H.  LAMBERT,  m.d 

LOWELL,    MASSACHUSETTS 


/^STEOMATA,  or  osteochondromata  are 
^^  not  of  rare  occurrence,  and  this  case, 
referred  by  Dr.  A.  R.  Gardner  to  me  for 
roentgen  diagnosis,  is  reported  not  because 
of  the  rarity  of  its  type,  but  on  account  of  its 
rather  unusual  size  and  the  interesting  fea- 
tures attending  its  removal. 

History. — George  G.,  thirty-six  years  old, 
native  of  Greece,  railroad  laborer.  Father 
died  at  seventy-five  of  pneumonia,  mother  at 
seventy  of  the  same  disease.  Personal  his- 
tory good.  Had  pneumonia  in  1906. 

Former  Operations. — Scar  upper  right 
maxillary  region,  kicked  by  a  horse,  stitches 
taken. 

Chief  Complaint. — Growth  on  right  upper 
humerus.  General  condition  of  patient  good. 

Clinical  History. — Patient  noticed  when 
in  the  Greek  army,  in  1904,  a  lump  on  the 
right  shoulder,  no  pain  or  discomfort.  No  in- 
terference with  the  use  of  the  arm  in  the 
beginning,  but  of  late  a  very  slight  disability, 
though  not  marked.  General  health  apparent- 
ly very  good.  No  loss  of  strength  or  weight. 

Physical  Examination. — Hard,  irregular, 
lobulated  mass  firmly  attached  to  upper  one- 
third  of  right  humerus,  outer  aspect.  No 
tenderness.  Solid  tumor.  Physical  condition 
otherwise  negative  as  regards  this  case. 

X-Ray  Report. — Attached  to  the  upper 
third  of  the  right  humerus  is  a  large, 
rounded,  dense  body  4  inches  by  6  inches, 
showing  structure  of  a  bone-like  formation, 
apparently  bounded  by  a  definite  line  and 
seeming  to  spring  from  the  shaft  about  four 
inches  from  the  head  of  the  humerus  on  the 
antero-external  surface  by  an  apparent  neck 
about  an  inch  in  thickness.  The  growth  ex- 
tends nearly  to  the  acromion  process,  par- 
tially overcapping  the  outer  portion  of  the 
shoulder  joint  and  interfering  with  its  func- 
tion. The  bone  structure  in  the  upper  part  of 
the  humerus  is  not  as  well  defined  as  normal. 


and  there  appears  to  be  slight  rarefaction  of 
the  bone  in  this  area.  Conclusion:  Osteoma 
arising  from  a  small  neck  from  the  upper 
third  of  the  humerus. 

Operation  (Performed  by  Dr.  A.  R. 
Gardner  at  Lowell  General  Hospital,  June 
23,  1919). — Incision  over  right  deltoid  com- 
mencing at  about  acromion  process,  extend- 


Roentgenogram   taken   before   operation. 


ing  down  arm  on  inner  side  of  tumor  to  just 
a  little  below  middle  of  arm.  Deltoid  muscle 
split,  tissue  pushed  back  from  tumor  on 
either  side.  The  base  of  tumor  firmly  at- 
tached into  upper  third  of  humerus  by  a 
broad  base  and  base  extended  through  the 
great  trochanter  into  the  joint.  Larger  part 
of  tumor  chiseled  off  rest  of  tumor,  removed 
by  means  of  chisel  and  rongeur  forceps. 
Hemostatsis  attended  to.  A  few  interrupted 
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sutures  inserted  in  split  deltoid.  Cigarette 
drain  placed  up  to  capsule;  capsule  of  joint 
sutured.  Interrupted  S.  W.  G.  sutures  in 
skin.  July  6th ;  all  healed  except  small  area 
about  the  size  of  a  dime  from  which  drain 
was  removed,  perfectly  clean,  no  evidence  of 
sepsis. 

Pathological  Report:  Gross  description. 
— The  specimen  consisted  of  several  masses 
of  bone,  the  largest  of  which  was  the  size  of 
a  grape  fruit.  The  outer  surfaces  of  these 
bony  masses  resembled  multiple  cysts.  Histo- 
logical description:  Microscopical  examina- 
tion of  specimen  shows  bone  cells.  Diagno- 
sis: Osteoblastoma  (benign). 

Postoperative  .r-ray  examination,  July  ii, 
19 1 9,  shows  that  osteoma  has  been  com- 
pletely removed  from  shaft  of  humerus, 
and  there  has  been  thorough  eradication  of 
the  neck  from  which  it  arose,  leaving  a 
gouged-out  area  at  the  site  of  the  neck.  The 
surface  of  the  bone  shows  a  considerable 
area  on  its  outer  aspect  to  which  the  tumor 


had  undoubtedly  been  attached.  There  is  evi- 
dence of  a  few  spicules  of  bone  remaining 
unattached  in  the  area  formerly  occupied  by 
the  tumor.  At  this  time  the  function  of  the 
shoulder  joint  seems  to  be  normal. 

It  is  interesting  to  note  that  the  difficulties 
of  operative  removal  were  considerable,  ow- 
ing to  the  fact  that  the  tumor  had  become 
firmly  attached  to  the  shaft  of  the  humerus 
above  its  origin,  and  had  involved  joint 
structures,  so  that  a  portion  of  the  capsule 
was  necessarily  sacrificed  in  its  removal. 
Many  osteomata  are  slow  growing  and  never 
attain  sufficient  size  to  cause  disability,  or  in- 
terfere with  function ;  but  it  would  appear 
from  this  case  that  it  would  be  advisable,  on 
account  of  the  fact  that  the  growth  is  apt  to 
be  toward  the  joint,  to  examine  them  by 
-f-rays  periodically  and  determine  the  point 
at  which  they  should  be  removed,  in  order 
to  avoid  encroachment  upon  other  structures 
that  might  result  in  permanent  damage  and 
disability. 
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IMPORTANT  RAILROAD  INFORMATION* 

Reduced  fares  on  the  basis  of  the  certifi- 
cate plan  have  been  granted  by  the  follow- 
ing passenger  associations  to  the  Twenty- 
second  Annual  Meeting  of  The  American 
Roentgen  Ray  Society: 

Trunk  Line  Association:  N.  Y.  (east  of  and 
inckiding  Buffalo,  Niagara  Falls,  Suspension 
Bridge  and  Salamanca),  New  Jersey,  Penn- 
sylvania (east  of  and  including  Erie,  Oil  City 
and  Pittsburgh),  Delaware,  Maryland,  District 
of  Columbia,  Virginia  and  West  Virginia 
(east  of  and  including  Wheeling,  Parkers- 
burg,  Kenova,  Orange  and  Norfolk). 

Central  Passenger  Association:  Territory 
west  of  Buffalo,  Niagara  Falls,  Salamanca, 
Pittsburgh,  Wheeling,  Parkersburg,  and  Ke- 
nova to  and  including  Chicago  and  St.  Louis, 
and  north  of  the  Ohio  River,  including  Cin- 
cinnati, Louisville  and  Cairo. 

Western  Passenger  Association:  Territory 
includes  stations  in  Colorado,  Idaho,  Illinois, 
Iowa,  Kansas  (except  points  on  and  east  of 
St.  Louis-San  Francisco  Railway,  Kansas 
City,  Mo.,  to  Baxter,  Kans.,  via  Girard  and 
Cherokee,  Kans.),  Missouri  (points  on  and 
north  of  Missouri  Pacific  Railroad,  St.  Louis 
to  Labadie,  thence  Chicago,  Ro,ck  Island  and 
Pacific  Railway,  Labadie  to  Kansas  City, 
Mo.),  Minnesota,  Montana,  Nebraska,  North 
Dakota,  Northern  Michigan,  South  Dakota, 
Utah,  Wisconsin  and  Wyoming. 

Southzvestern  Passenger  Association:  Ter- 
ritory southwest  of  St.  Louis,  including  Texas, 
Arkansas,  Oklahoma,  Missouri  (south  of  Mis- 
souri River),  and  Louisiana  (west  of  Missis- 
sippi River). 

Southeastern  Passenger  Association:  Terri- 
tory south  of  Ohio  and  Potomac  and  east  of 
Mississippi  Rivers. 


If  the  requirements  of  the  Passenger  Asso- 
ciations are  carried  out,  there  will  be  a  sav- 
ing of  2j  per  cent  on  the  round  trip,  which 
should   be   worth   while    for   all   concerned. 

All  persons  traveling  from  any  point  with- 
in the  territory  above  named  should,  when 
purchasing  tickets,  ask  the  agent  for  a  Cer- 
tificate for  each  ticket  purchased  (one  cer- 
tificate will  not  do  for  an  entire  family  or 
party).  This  Certificate  should  be  presented 
at  the  desk  when  registering  at  the  meeting. 

There  will  be  a  railroad  man  in  attend- 
ance, and  if  not  fewer  than  350  Certificates 
are  turned  in,  they  will  be  validated  and  re- 
turned to  the  owners. 

The  presentation  of  a  validated  Certificate 
will  entitle  the  holder  to  purchase  return 
ticket  at  one  half  of  the  regular  fare.  The 
essential  point  in  this  transaction  is  that  no 
reduced  fares  will  be  allowed  unless  350 
Certificates,  at  least,  are  turned  in. 

We  understand  that  Certificates  are  not  on 
hand  at  all  ticket  offices,  but  any  ticket  agent 
will  direct  the  purchaser  where  such  Cer- 
tificate may  be  obtained. 

It  should  be  noted  that  the  New  England 
railroads  have  not  agreed  to  this  plan.  It  is 
suggested  to  travelers  from  New  England 
that  tickets  be  purchased  to  New  York  City 
and  from  there  tickets  with  Certificates  be 
obtained  to  Washington,  f 

A  large  attendance  is  expected  at  the 
meeting;  hence  there  should  be  no  trouble 
in  securing  the  reduced  fares  PROVIDED 
that  350  will  take  the  trouble  to  ask  for 
Certificates,  which  will  be  available  with 
tickets  purchased  Sept.  2t,  to  30,  inclusive. 


*A  detailed  letter  regarding  this  matter  will  be  sent  to  all  members  of  The  American  Roentgen  Ray 
Society  prior  to  the  meeting.  Others  may  obtain  this  letter  by  addressing  the  Business  Manager,  Paul  B. 
Hoeber,  67-69  East  59th  Street,  New  York  City. 

fAt  the  time  of  going  to  press  no  information  has  been  received  as  to  the  action  of  the  Transcontin- 
ental Passenger  Association  covering  the  Pacific  Coast  and  other  far  western  territory. 

485 


486 


Editorials 


TWENTY-SECOND  ANNUAL  MEETING 

The  program  for  the  annual  meeting  of 
The  American  Roentgen  Ray  Society, 
complete  to  date,  is  printed  below. 

The  interest  in  roentgen  therapy,  which 
appears  to  be  quite  universal  this  year,  has 
made  it  seem  necessary  to  give  to  therapeutic 
subjects  an  even  larger  proportion  of  the 
program  than  was  originally  intended. 

Those  who  have  not  yet  sent  in  abstracts 
of  their  papers  please  do  so  at  an  early  date. 

PROVISIONAL  PROGRAM 

Cancer  of  the  Uterus.  Henry  Schmitz,  m.d.,  Chicago. 

The  Treatment  of  Brain  Tumors  by  Radiation. 
Henry  K.  Pancoast,  m.d.,  Philadelphia. 

Progress  of  Deep  Roentgen  Therapy.  (The  Cald- 
well Lecture.)  Dr.  Rene  Ledoux-Lebard,  Paris, France. 
Symposium  on  Therapy  of  the  Thyroid  Gland 

Some  Observations  on  the  Treatment  of  Hyper- 
thyroidism with  X-Rays.  George  W.  Holmes,  m-d. 

Radiotherapy  of  the  Thyroid.  A.  F.  Tyler,  m.d. 

The  Treatment  of  Carcinoma  of  the  Thyroid  by 
Radiation.    George   E.   Pfahler,   m.d.,   Philadelphia. 

Thyroid  Therapy.  R.  G.  Allison,  m.d.,  Minneapolis. 

Dr.  Holmes  will  open  discussion. 

The  Roentgen  Ray  in  Dermatology.  George  W. 
MacKee,    m.d.,    N.    Y.,   and   Henry   H.    Hazen,    M.D., 

The  Present  Status  of  Deep  Roentgen  Therapy  in 
Europe,  from  a  Clinical  Standpoint..  W.  H.  Stewart,  m.d. 

Therapy  of  Superficial  Growths.  C.  F.  Bowen,  m.d. 

Minimum  Erythema  Dose  with  Diagnostic  Volt- 
ages. Arthur  W.  Erskine,  m.d.,  Cedar  Rapids,  Iowa. 

The  lontoquantimeter  in  Measuring  Dosage  for 
Deep  Therapy.  Reginald  Morton,  m.d.,  London,  Eng. 

Neiv  Technique  for  the  Vertical  Examination  of 
the  Sphenoid  ivith  Demonstration  of  the  Special  Film 
Holder.   George  E.   Pfahler,   m-d.,  Philadelphia. 

The  Stereo-Fluoro scope.  (Dr.  Morgan's  stereo- 
fluoroscope  will  be  demonstrated  under  actual  work- 
ing conditions.)   J.  D.  Morgan,  M.D.,  Montreal,  Can. 

Paget's  Disease;  Roentgen  Studies  Relating  to  its 
Etiology  and  Differential  Diagnosis.  L. T.LeWald,  m.d. 
Symposium  on  Education  in  Roentgenology 

Undergraduate  Education.  F.  H.  Baetjer,  m.d.,  Bal- 
timore, and  H.  K.  Pancoast,  m.d.,  Philadelphia. 

Graduate  Education.  Geo.  W.  Holmes,  m.d.,  Boston, 
L.  Jaches,  m.d.,  N.  Y.,  and  J.  S.  Shearer,  Ithaca,  N.  Y. 

Gastro-enterostomy  Failures  Turned  into  Successes 
by  Appropriate  Treatment  Indicated  from  X-Ray 
Examination.  A.  H.  Pirie,  m.d.,  Montreal,  Can. 

The  Present  Status  of  Pneumoperitoneum  as  a 
Diagnostic  Aid.  James  T.  Case,  M.D.,  Battle  Creek. 

Pulmonary  Tuberculosis.  L.  Jaches,  m.d.,  and  H- 
Wessler,  m.d.,  New  York  Citv. 

Benign  and  Malignant  Gastric  Ulcers  from  the 
Roentgenologic  Viezvpoint.  Russell  D.  Carman,  m.d. 

Ossification  of  the  Meninges.  H.  M.  Imboden,  m.d., 
and  C.  A.  McKendree,  m.d..  New  York  City. 

Dental  Roentgenography  in  the  Light  of  Clinical 
and  Pathological  Findings.  Allan  Scott  Wolfe,  D.D.s. 

(Subject  not  received.)    Willis  F.  Manges,  m.d. 

X-Ray  Treatment  of  Diphtheria  Carriers.  P.  M- 
Hickey,  m.d.,  Detroit. 


Dr.   Witherbee  will   open   discussion. 

Demonstration  of  Simplified  X-Ray  Unit  for  Treat- 
ment of  Tonsils  and  Adenoids,  Exophthalmic  Goiter, 
Tubercular  Glands  of  the  Neck  and  Enlarged  Pros- 
tate. W.  D.  Witherbee,  m.d..  New  York  City. 

(Subject  not  received.)    John  W.   Pierson,   m.d. 

Value  of  Interstitial  Radiation.  Douglas  Quick,  m.d. 

X-Ray  Evidence  of  Abnormal  Small  Intestinal 
States  Embodying  an  Hypothesis  of  the  Transmission 
of  Gastro-intestinal  Tension.  (Illustrated  by  Lan- 
tern Slides.)   R.  Walter  Mills,  m.d.,  St.  Louis. 

The  Relation  of  Temperature  Changes  to  Roent- 
gen Ray  Skin  Reaction.  Charles  L.  Martin,  m.d.,  and 
George  T.  Caldwell,  m.d.,  Dallas,  Tex. 

The  Efficiency  of  the  Bucky  Diaphragm  Principle. 
R.  B.  Wilsey,  Rochester,  N.  Y. 

The  Roentgenological  Aspect  of  Sprengel's  De- 
formity (with  lantern  slides).  Edward  S.  Blaine,  m.d. 

Epithelioma  of  the  Cornea.  D.  Y.  Keith,  m.d. 

Filtration  and  Scattering.  J.  S.  Shearer,  Ithaca,  N.  Y. 

Pyelitis  of  Pregnancy.  F.  M.  Hodges,  m.d.,  Richmond. 

Studies  on  Injected  Kidneys,  W.  K.  Lim,  m.d. 

Studies  in  Roentgen  Ray  Deep  Therapy:  i.  Studies 
on  the  Penetration  of  Rays  in  Tissue;  2.  Electrical 
Studies.  Prof.  F.  Dessauer,  Frankfurt  am  Main. 

The  Operation  of  X-Ray  Tubes  at  200,000  to 
300,000    Volts    (Maximum).    W.    D.    Coolidge, 

Limitation  of  X-Ray  in  Fracture  Work.  Roland 
Hammond,  m.d..  Providence,  R.  I. 

Use  and  Abuse  of  Radium  and  the  Roentgen  Ray 
in  Treatment  of  Epithelioma.  Russell  H.  Boggs,  m.d. 

The  Lumbar  Spine  and  Sacro-Iliac  Joints.  M.  B. 
Palmer,  m.d.,  Rochester,  N.  Y. 

The  Diagnosis  and  Removal  of  Foreign  Bodies 
from  Bronchus  and  Esophagus.  C.  F.  Bowen,  m.d. 

The  Differential  Diagnosis  of  Ulcer,  Adhesions, 
and  Congenital  Membranes  Involving  the  Extreme 
(Pyloric  End  of  the  Stomach  and  Cap  and  their 
Surgical  Significance.  Louis  Gregory  Cole,  m.d. 

Possibilities  of  Treatment  in  Pancreatic  Carcinoma. 
G.  E.  Richards,  m.d.,  Toronto,  Can. 

Intensive  Therapy  in  Germany.  Samuel  Stern,  m.d. 


The  lantern  slide  exhibits  at  meetings  of 
The  American  Roentgen  Ray  Society 
have  always  been  a  very  interesting  and  in- 
structive feature.  According  to  custom,  one 
evening  has  been  reserved  for  this  purpose, 
but  up  to  the  present  time  only  a  few  mem- 
bers have  indicated  their  desire  to  show 
slides.  Presentation  of  slides  is  not  confined 
to  members  of  the  Society.  Any  guest  of  the 
Society  may  reserve  a  place  on  this  program, 
but  names  will  be  listed  in  the  order  received. 

Please  send  in  your  name  as  soon  as  pos- 
sible and  indicate  the  number  and  nature  of 
the  slides  vou  will  show. 


Following  precedent,  we  are  publishing 
in  this  issue  the  portrait  of  the  President  of 
The  American  Roentgen  Ray  Society, 
Arthur  C.  Christie,  m.d. 
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CORRESPONDENCE 

FROM    COMMITTEE    OX    SAFETY 

At  the  last  annual  meeting  of  the  Ameri- 
can Roentgen  Ray  Society  it  was  voted 
to  appoint  a  committee  on  safety. 

In  order  that  this  committee  may  give 
proper  consideration  to  the  various  matters 
involved,  they  rec[uest  the  cooperation  of  the 
medical  profession  in  the  collection  of  data 
in  regard  to  injuries  due  to  the  operation  of 
.r-ray  apparatus. 

Readers  of  this  Journal  are  requested  to 
give  the  committee  any  information  they 
may  have.  No  names  of  institutions,  phy- 
sicians or  patients  need  be  given,  and  in- 
formation will  be  regarded  as  confidential  in 
any  case.  The  following  list  suggests  some 
of  the  information  that  would  be  of  service. 
As  far  as  possible  the  exact  conditions  under 
w^hich  the  injury  occurred  should  be  given. 

ELECTRIC    SHOCK 

1.  Number  of   injuries   oI)ser\'ed   or   reported. 

2.  The  extent  and  nature  of  each. 

3.  Incurred  during  (a)  Treatment, 

(b)  Fluoroscopy, 

(c)  Radiography. 

4.  Type  of  apparatus  in  use : 

(a)  Large  transformer, 

(b)  Small  type  transformer, 

(c)  Induction  coil. 

5.  Control  resistance:  Auto  transformer. 

6.  Type  of  support  on  which  the  person  injured  was 

placed :  /    tile 

(a)  Standing  on  floor  of      -^     concrete 

(b)  On  wooden  table,  (    wood 

(c)  On  a  metal  table. 

7.  If  the  latter,  was  it  grounded? 

8.  Any  information  as  to  actual  or  supposed  special 

conditions  at  the  time  of  injury. 

9.  Was  the  tube  or  apparatus  damaged? 

10.  Was  the  accident  due  to  any  failure  of  apparatus? 

11.  Was  the  room  damp  or  wet? 

INJURY  DUE  TO  .r-RAYS 

1.  Extent  and  seriousness,  i.e., 

(a)  Simple  dermatitis, 

(b)  Second  or  third  degree  dermatitis, 

(c)  Telangiectasis, 

(d)  Temporary  loss  of  hair, 

(e)  Permanent  loss  of  hair. 

2.  Was  the  patient  being   (a)    fluoroscoped,    (b)    ra- 

diographed,  (c)   treated? 

3.  What  type  of  apparatus  was  used? 

4.  What  current- — ^spark-gap — distance — filter — time, 

was  used? 

5.  Was  any  method  of  measuring  skin  dose  employed  ? 

It  is  the  aim  of  this  Committee  to  de- 
termine the  prime  causes  of  accidents  and 
the  best  means  of  preventing  them,  without 


interfering  with  the  utilization  of  the  rays  or 
causing  needless  expense.  Also  a  few  simple 
rules  for  the  guidance  of  manufacturers  and 
roentgenologists  may  be  worked  out. 

Communications  may  be  addressed  to  any 
member  of  the  Committee,  or  to  Miss  Doris 
Keeler,  Sec,  Rockefeller  Hall,  Ithaca,  N.  Y. 

W.  D.  CooLiDGE,  Schenectady,  N.  Y. 
P.  M.  HicKEY,  M.D.,  Detroit,  Mich. 
H.  K.  Pancoast,  M.D.,  Philadelphia. 
G.  W.  Holmes,  m.d.,  Boston. 
J.  S.  Shearer,  Ithaca,  N.  Y. 


To  the  Editor: 

Dear  Sir:  There  seems  to  be  a  consider- 
able difference  in  opinion  with  reference  to 
the  positioning  of  an  .r-ray  tube  when  pro- 
ducing stereoscopic  pictures.  There  follow  a 
number  of  varied  opinions  from  different 
sources,  including  one  of  the  largest  manu- 
facturers of  .i--ray  equipment,  one  of  the 
largest  manufacturers  of  photographic  sup- 
plies, a  doctor  in  the  United  States  Public 
Health  Service,  and  one  of  the  leading  opti- 
cal manufacturers. 

The  writers  of  these  opinions  do  not  wish 
to  have  them  published  over  their  names,  but 
they  serve  to  illustrate  the  point  in  question. 

I  also  have  the  following  comments  of  one 
of  the  above  authorities  with  reference  to 
the  article  which  appeared  in  The  Ameri- 
can Journal  of  Roentgenology  for  No- 
vember, 1920,  (page  564),  showing  the 
application  of  the  stereoscopic  tube-stand 
adopted  for  the  examination  of  the  skull,  as 
used  in  the  Department  of  Roentgenology  at 
the  Union  Medical  College  at  Pekin,  China. 

"I  believe  that  in  China  the  method  of 
stereoscopy  as  outlined  in  the  article  to  which 
you  referred  me  might  be  very  adequate.  I 
am  not  convinced  that  in  America  the  meth- 
od outlined  is  at  all  standard.  I  am  unswerv- 
ing in  the  belief  and  scientific  conviction  that 
stereoscopy  consists  in  shifting  the  central 
ray  the  distance  that  the  eyes  are  apart ;  and 
that  this  shifting  must  he  equal  for  all  parts 
stcreoscoped.  In  China  the  method  by  you 
described  does  not  even  show  how  much 
shifting  is  done,  and  if  it  did  show  it  would 
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still  be  more  for  that  part  of  the  body  near- 
est the  tube  than  for  the  part  of  the  body 
nearest  the  plate." 

Other  opinions  follow. 

"Our  opinion  is  that  if  we  assume  a  line 
exactly  at  right  angles  to  the  plane  to  be 
photographed,  that  is  a  perpendicular  line  to 
the  plane,  then  one  picture  should  be  made 
with  the  target  of  the  tube  set  at  a  distance 
from  this  line  equal  to  one  half  the  normal 
eye  separation  or  approximately  i  ^  inches, 
and  then  it  can  be  rotated  about  its  horizon- 
tal axis  so  that  the  target  is  pointed  at  the 
point  on  the  object  intercepted  by  the  per- 
pendicular line  referred  to.  The  second  posi- 
tion of  the  tube  would  be  the  same  distance 
the  other  side  of  the  line  with  the  target 
again  rotating  until  its  rays  intercept  the  ob- 
ject at  the  point  of  the  normal.  In  other 
words,  the  two  pictures,  in  our  estimation, 
should  be  made  with  a  separation  along  a 
horizontal  line  of  approximately  2^  inches 
between  the  two  locations  of  the  target  and 
with  the  tube  rotating  so  that  in  each  case  the 
target  would  he  pointed  to  the  same  spot  on 
the  object.  This  is  a  procedure  necessary  in 
ordinary  photography  in  order  to  secure 
stereoscopic  pictures. 

"The  theory  of  stereoscopy  is  based  on 
binocular  vision  in  which  two  images  must 
be  presented,  each  image  differing  from  the 
other  in  its  focal  angle  to  an  amount  equiva- 
lent to  the  difference  between  the  visual  axis 
of  the  observer's  eyes  (60  millimeters,  nor- 
mal). In  making  the  tube  shift  Kennon  Dun- 
ham very  tersely  explains  on  page  6  of  his 
reprint  entitled  X-Ray  Chest  Manual,  re- 
printed from  the  transactions  of  the  14th 
Annual  Meeting  of  the  National  Tubercu- 
losis Association:  'The  tube  must  move 
through  a  plane  parallel  to  the  plate.'  The 
essential  pith  of  my  argument  is  that  the 
tube  should  not  be  tilted  but  should  be  moved 
in  its  entirety  in  a  plane  parallel  to  the  plate. 

"Taking  into  consideration  the  physics  and 
practical  construction  of  modern  .I'-ray  tubes, 
there  would  be  no  fundamental  difference  in 
making  stereoscopic  negatives  whether  the 
tube  zvas  shifted  in  a  plane  or  rotated  in  the 
arc  of  a  circle;  the  only  condition  which  it 
would  be  necessary  to  fulfil  being  that  the 


circle  of  rays  covered  on  the  plate  satisfac- 
torily covered  the  subject. 

"There,  of  course,  might  be  a  theoretical 
case  where  a  long  narrow  cylinder  was  used 
where  this  would  necessarily  have  to  be 
tilted  in  order  to  cover  the  object,  but  in  the 
average  practice  it  would  certainly  not  be  the 
case.  Even  in  the  case  of  the  use  of  the 
Bucky-Potter  diaphragm  the  writer  doubts 


Figure  i 


Figure  2 


if  there  would  be  any  necessity  of  shifting 
the  tube  in  the  arc  of  a  circle. 

"I  do  not  see  that  it  makes  any  difference 
whether  the  tube  is  rotated  or  not  so  long  as 
the  required  lateral  movement  of  the  focal 
spot  is  obtained  and  the  opening  in  the  shield 
or  side  of  the  cone  (if  they  used  one)  does 
not  cut  off  any  of  the  required  beam  of 
rays." 

Figures  i  and  2  illustrate  the  two  types  of 
position  for  stereoscopic  radiography.  Figure 
I  shows  the  target  of  the  tube  moved  through 
the  proper  distance,  but  in  a  plane  horizontal 
with  the  plate.  Figure  2  shows  the  target  of 
the  tube  moved  through  the  proper  distance 
but  through  an  arc,  so  that  the  central  ray  is 
at  all  times  focused  at  the  same  spot  on  the 
plate. 

At  first  glance,  it  would  appear  that  we 
have  two  entirely  different  conditions.  Con- 
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sidering,  however,  the  characteristics  of  the 
field  of  examination  of  .r-rays  from  the  tar- 
get of  the  tube,  there  is  practically  no  differ- 
ence between  the  effect  produced  on  the 
plate  in  either  Figure  i  or  Figure  2. 

In  order  to  make  this  point  clear,  we  must 
get  the  idea  in  mind  that  the  .t'-ray  eman- 
ates from  a  point  source,  and  that  it  is  em- 
anating from  this  source  in  all  directions  in 
front  of  the  plane  on  which  this  point  is  lo- 
cated, the  strongest  rays  of  course  at  the  very 
center,  and  gradually  diminishing  to  nothing 
on  a  line  parallel  to  this  plane. 

After  we  have  this  clearly  in  mind,  and 
looking  at  Figure  i,  we  find  that  there  are  in 
effect  only  two  points  at  which  the  rays 
strike  the  plate  at  a  true  perpendicular,  and 
that  is  at  a  point  directly  below  the  target  in 
each  position.  At  any  other  point  on  the 
plate  the  rays  miist  necessarily  strike  at  a 
varying  angle. 

Now  considering  Figure  2,  where  we  have 
rotated  the  targets  in  such  a  manner  that 
they  focus  in  either  position  on  the  same 
point  on  the  plate,  we  have  the  two  central 
rays  both  hitting  the  same  spot,  while  the 
weaker  rays  go  correspondingly  around  this 
spot. 

It  will  be  seen  that  if  we  take  the  rays 
from  the  target  in  Figure  i  that  come  to- 
gether in  the  central  part  of  the  plate,  or  in 
other  words,  the  center  distance  between  the 
two  spots  directly  below  the  target,  they 
strike  the  plate  at  the  same  angle  as  the  two 
central  rays  in  Figure  2,  which  emanate 
from  the  targets  rotated  through  their  dis- 
tance rather  than  move  through  the  parallel 
plane. 

It  is  obvious  in  the  same  connection,  that 
if  we  were  attempting  to  take  a  stereoscopic 
radiograph  of  a  grain  of  corn,  or  other  small 
article,  less  than  the  distance  through  which 
we  move  the  center  point  of  the  target,  and 
if  the  only  .f-ray  that  was  given  off  was  the 
one  central  ray,  we  would  not  get  any  ra- 
diograph of  this  small  object  if  placed  at  the 
central  point  between  the  two  points  directly 
in  front  of  the  focal  spot  on  the  target. 

It  is  equally  obvious  that  with  a  body  of 
any  size  in  position  to  be  radiographed,  a  line 
drawn  from  the  focal  spot  from  the  target 


to  any  spot  on  this  body  and  continued 
through  that  spot  to  the  plate,  will  strike  the 
plate  at  the  same  angle,  irrespective  of 
whether  the  target  is  slightly  tilted  or  in  such 
position  as  to  direct  the  central  rav  perpen- 
dicularly towards  the  plate. 

Thus  it  appears  that  as  long  as  the  target 
is  moved  the  required  distance  each  side  of 
the  center,  it  makes  no  difference  whether 
the  target  was  moved  on  a  straight  line  keep- 
ing the  central  ray  directed  perpendicularly 
towards  the  plate,  or  whether  the  target  was 
moved  through  an  arc  and  tilted,  so  that  the 
central  ray  is  directed  towards  the  plate  at  an 


angle. 


G.  Leslie  Griffith 

International  Devices  Company 
326  Broadway,  New  York. 


OBITUARY 


William  Ironside  Bruce,  m.d.  (Aberdeen) 

"Do  you  happen  to  know  anyone  who 
wants  to  take  up  an  x-ray  practice  in  the 
west  end  of  London  ?  I  have  been  told  to  give 
up  .r-ray  work  and  get  out  into  the  country." 
This  was  the  substance  of  the  last  letter  I 
had  from  my  friend  Bruce  just  a  week  be- 
fore the  news  of  his  death.  He  knew  that  the 
-i^-rays  had  marked  him  down  and  that  there 
was  one,  and  only  one,  course  open  to  him, 
namely,  to  haul  down  his  colors  and  to  go 
right  away  from  the  work  he  loved  and  the 
position  he  had  built  up  with  much  labor. 
There  was  no  whimpering,  no  self-pity!  He 
took  his  sentence  like  a  soldier  and  hoped 
that  he  would  regain  health  and  strength 
when  the  effect  of  the  radiations  to  which  he 
had  been  unduly  exposed,  had  worn  off.  This, 
however,  was  not  to  be.  The  aplastic  anemia 
from  which  he  suffered,  and  which  he  and 
the  medical  officers  in  attendance  attributed 
to  .r-rays,  caused  his  death  on  March  21, 
1 92 1. 

Ironside  Bruce,  born  in  1876,  was  the  son 
of  a  medical  man  practicing  at  Dingwall  in 
Aberdeenshire.  He  went  to  the  LTniversity  of 
Aberdeen,  taking  his  degree  there  in  1900. 
The  call  of  war  took  him  to  South  Africa  as 
a  surgeon,  and  during  this  service  he  came  in 
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contact  with  those  who  were  doing  .r-ray 
work  in  the  field.  His  keen  interest  in  the 
subject  was  aroused,  and  when  he  returned 
he  took  up  a  post  as  assistant  to  the  late  Sir 
James  Mackenzie  Davidson  at  Charing  Cross 
Hospital.  When  his  chief  retired,  Bruce  was 
appointed  to  fill  the  post,  and  as  chief  of 
this  department  he  worked  until  his  death. In 
addition  he  undertook  the  charge  of  the 
,r-ray  department  of  the  Great  Ormond 
Street  Hospital  for  Children. 

Of  a  mechanical  turn  of  mind,  Bruce  did 
a  great  deal  in  the  early  days  in  designing 
apparatus,  and  there  are  several  simple  and 
effective  contrivances  that  bear  his  name  and 
are  still  in  constant  demand,  especially  his 
couch  with  its  *'plumb-bob."  During  the  war, 
he  worked  in  the  .f-ray  department  of  the 
military  hospital  to  which  he  was  attached, 
on  the  subject  of  the  extraction  of  foreign 
bodies.  His  .r-ray  room  was  made  into  an  op- 
erating theater,  and  his  director  operating 
couch  was  so  contrived  that,  having  located 
the  foreign  body,  a  director  needle  could  be 
swung  into  position,  into  the  wound,  and 
would  direct  the  surgeon  straight  to  the  for- 
eign body. 

When  the  idea  of  a  diploma  in  radiology 
was  mooted,  Bruce  was  a  very  active  sup- 
porter and  took  a  keen  interest  in  the  project. 
Later  on,  when  the  scheme  was  put  into 
effect,  he  took  a  share  in  the  lecturing  and 
was  one  of  the  most  successful  of  teachers. 

But  first  and  foremost,  Bruce  was  a  man 
— a  most  lovable  man,  with  a  boyish  exuber- 
ance of  vitality  and  a  charm  that  won  affec- 
tion wherever  he  went.  Nobody  could  be 
with  him  without  feeling  the  force  of  his 
personality  and  the  good-humored  joyous 
life  of  the  man  who  was  still  a  boy  at  heart. 
He  was  particularly  fond  of  children,  and 
nearly  always  succeeded  in  quieting  their 
fears  when  they  came  as  patients.  His  knowl- 
edge of  human  nature  was  profound,  and 
in  addition  he  had  that  intuitive  perception 
and  unconscious  power  of  deduction  that 
made  his  opinions  of  very  great  value.  In 
the  interpretation  of  radiograms  his  appar- 
ently lightning  diagnoses  were  extraordinar- 
ily accurate,  for  he  had  a  long  experience, 


a  good  memory,  and  back  of  it  all  this  un- 
conscious reasoning  and  sound  common 
sense  that  made  his  opinions  of  inestimable 
value. 

In  Bruce's  death  we  have  sustained  a  very 
great  loss,  the  loss  of  a  leader  who  had  made 
his  mark,  and  whose  fearless  and  outspoken 
opinion  was  often  the  deciding  factor  in  dif- 
ficult situations. 

A.  E.  Barclay. 


AMERICAN  RADIUM  SOCIETY* 

WHEREAS,  During  the  past  year  there 
have  been  removed  from  our  midst  and  from 
our  membership  by  death  three  physicians 
prominent  in  the  inception  of  this  Society 
and  in  the  development  of  the  science  of  the 
therapeutic  employment  of  radium,  viz.: 

Dr.  Walter  B.  Chase,  of  Brooklyn,  a 
charter  member  and  one  of  the  first  Ameri- 
cans to  employ  radium  for  therapeutic 
purposes ; 

Dr.  Howard  W.  Longyear,  of  Detroit,  the 
well-known  gynecologist,  whose  interest  was 
helpful  in  the  very  beginnings  of  this  organ- 
ization, and  whose  efforts  we  shall  long  re- 
member as  contributing  to  the  establishment 
of  radium  as  a  recognized  adjunct  in  gyne- 
cology ; 

And  Dr.  Henry  Harrington  Janeway, 
head  of  the  Radium  Department  of  the 
Memorial  Hospital,  New,  York,  especially 
notable  for  his  efforts  to  standardize  dosage 
and  render  the  application  of  radium  more 
accurate,  for  his  early  work  in  the  treatment 
of  uterine  carcinoma  particularly,  and  as  be- 
ing first  in  America  to  use  radium  emanation 
buried  in  tumor  growths ; 

Therefore  be  it 

RESOLVED  that  this  Society  express  to 
the  bereaved  families  of  these  deceased 
members  our  sincere  sympathy  in  their  loss ; 
and  further  be  it 

RESOLVED  that  a  copy  of  these  resolu- 
tions be  spread  upon  the  minutes  as  a  token 
of  our  gratitude  and  pride  in  the  accomplish- 
ments of  these  departed  members. 

^Resolutions  adopted  by  American  Radium  So- 
ciety at  its  Sixth  Annual  Meeting,  June  6,   1921. 
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SOME   RECENT   ADVANCES   MADE    IN    FRANCE   ON    THE 

TECHNIQUE  OF  THE  ROENTGEN  DIAGNOSIS  OF  DISEASES 

OF  THE  HEART  AND  ITS  VASCULAR  PEDICLE* 


By  GONZALES  MARTINEZ,  m.d. 

SAN    JUAN,    PORTO   RICO 


"LJAVING  just  spent  a  year  in  Paris, 
■*-  -^  where  I  went  with  the  special  intent 
and  purpose  of  studying  and  familiarizing 
myself  at  first  hand  with  roentgenological 
methods  adopted  in  France,  I  thought  it 
would  perhaps  interest  you  if  I  gave  you  a 
brief  summary  of  m,y  observations  of  the 
technique  there  in  use  for  the  diagnosis  of 
the  heart  and  its  vascular  pedicle. 

To  be  perfectly  frank,  I  prefer  and  con- 
sider most  practical  American  roentgenolog- 
ical methods.  Yet  I  must  confess  that  in  the 
limited  field  of  cardiac  roentgenology  I  have 
experienced  a  most  agreeable  surprise  in  ob- 
serving the  remarkable  progress  of  the 
French  investigators. 

Originating  in  Germany  with  the  works  of 
Moritz,  Groedel,  Levy-Dorn  and  others, 
these  particular  methods  of  exploration,  with 
the  new  impulse  added  later  in  England 
and  America  by  Clayton,  Merrill,  Crane,  and 
many  others,  have  lately  been  perfected  to 
such  an  extent  that  without  fear  of  exag- 
geration one  may  state  that  the  roentgeno- 
logical examination  of  the  silhouette  of  the 
heart  and  its  large  vessels  occupies  a  place 
as  important  as  that  already  accorded  to  such 
similar  studies  in  the  pathology  of  the  di- 
gestive apparatus. 


Many  French  authors  have  shared  in  this 
progressive  movement ;  among  them  will  al- 
ways be  mentioned  the  names  of  Destot, 
D'Arcelin,  Beclere,  Barjon,  Beaujard  and 
Thoyer-Rozat ;  but  to  Vaquez  and  Bordet  is 
due  the  chief  credit  for  the  perfection  and 
introduction  into  common  practice  of  these 
new  procedures,  thus  founding,  as  it  were,  a 
real  school  of  cardiac  roentgenology. 

Not  that  they  disregard  in  the  least  the 
real  value  of  teleroentgenography  in  this  par- 
ticular branch  of  diagnosis,  but  yet  Vaquez 
and  Bordet  prefer  the  fluoroscopic  methods. 
In  fact,  the  teleroentgenogram,  although  of 
the  greatest  value  for  permanent  record  of 
certain  phases  of  position,  actual  form  and 
relations  of  the  cardiovascular  shadow,  elim- 
inating the  deformities  and  distortions  of 
oblique  projections,  has  nevertheless  the  dis- 
advantage that  it  requires  a  considerable  ex- 
penditure of  electrical  energy  and  the  costly 
installation  of  an  expensive  equipment, 
which  not  everyone  can  afford,  and  at  the 
same  time  they  give  little  precise  information 
in  reference  to  functional  disturbances.  Thus 
teleroentgenography  can  hardly  give  us  in- 
formation about  cardiac  displacements  dur- 
ing the  movements  of  respiration;  nor  about 
the  mobility  of  the  cardiac  apex;  nor  the 


*Read  at  the  Twenty-first  Annual  Meeting  of  The  American  Roentgen  Ray  Society,  Minnea|)olis,  Minn.,  Sept.   14-17,  19^0. 
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expansive  movements  of  the  diaphragm ;  nor 
the  respiratory  profile  of  the  thorax.  And 
even  supposing  we  could  obtain  such  facts 
from  the  roentgenographic  plate  the  proced- 
ure is  so  costly  and  complicated  as  to  rob  it 
of  its  practical  value. 

On  the  other  hand,  teleroentgenographv 
could  never  show  us  exactly  those  modifica- 
tions in  volume  of  the  left  auricle ;  the  al- 
teration of  the  ventricular  beats;  the  precise 
point  of  origin  of  the  upper  outline  of  the 
left  ventricle;  the  angle  of  disappearance  of 
the  apex  of  the  heart  behind  the  shadow  of 
the  vertebral  column  as  the  subject  is  being 
examined  in  the  right  posterior  oblique  posi- 
tion; nor  the  index  of  ventricular  depth  of 
Vaquez  and  Bordet,  all  of  which  details  are 
of  immense  value  for  the  diagnosis  of  local 
affections  of  the  cavities  of  the  heart. 

The  roentgenoscopy  of  precision,  on  the 
other  hand,  as  Vaquez  and  Bordet  say, 
"makes  the  heart  of  the  living  subject  ap- 
pear to  the  observer  just  as  it  could  be  seen 
on  the  autopsy  table,  less  deformed  perhaps, 
because  it  is  being  studied  while  animated  by 
the  current  of  the  blood." 

Furthermore,  this  is  a  method  of  easy 
practical  realization.  Although  it  requires  a 
certain  amount  of  technical  ability  in  the 
operator,  complete  knowledge  of  the  normal, 
topographic  and  pathological  anatomy  of  the 
heart  and  its  great  vessels,  as  well  as  of  the 
various  symptomatic  manifestations  of  its 
different  lesions,  yet  it  does  not  necessitate, 
as  does  teleroentgenography,  any  expensive 
installation.  In  fact,  an  .r-ray  generator  of 
moderate  power  and  a  simple  vertical  roent- 
genoscope  provided  with  a  suitable  dia- 
phragm and  some  device  that  would  allow 
the  tube  to  move  independently  of  the  fluoro- 
scopic screen  (while  this  can  be  fixed  at 
different  altitudes  in  front  of  the  patient's 
thorax,  in  a  plane  perpendicular  to  the  nor- 
mal rays,  and  at  variable  distances  from  the 
tube)  are  all  that  is  necessary. 

In  this  respect  I  may- mention  that,  in  my 
opinion,  the  American  roentgenoscopes  are 
superior  to  the  French,  not  only  because  of 
their  adaptability  and  ease  of  movement,  but 
also  because  of  the  greater  protection  af- 


forded by  them  to  the  observer  and  his 
assistants. 

Vaquez  and  Bordet  always  examine  the 
patient  standing  in  a  frontal  position,  heels 
together,  so  that  the  biscapular  axis  is  paral- 
lel to  the  screen  with  the  costosternal  wall  in 
close  contact  with  the  screen,  the  chin  firmly 
resting  against  its  frame  so  as  to  avoid  any 
swinging  of  the  head  and  the  torso.  The 
distance  between  the  target  of  the  tube  and 
the  screen,  according  to  the  method  of 
Vaquez  and  Bordet,  must  always  be  the  same 
(60  centimeters),  because  the  values  that 
represent  the  normal  indices  of  the  angle  of 
disappearance  of  the  apex  of  the  heart 
(Tangle  de  disparition  de  la  pointe)  and  the 
depth  development  of  the  left  ventricle,  have 
already  been  calculated  at  this  distance. 

Having  previously  made  a  general  inspec- 
tion of  the  thoracic  walls,  the  pulmonary 
field,  the  mediastinum  and  the  median 
shadow,  one  proceeds  to  the  tracing  of  the 
orthodiagram.  The  patient,  meanwhile,  must 
breathe  very  slowly  and  quietly.  Locate  ex- 
actly the  point  of  origin  of  the  outline  of 
the  left  ventricle,  a  point  which  is  recognized 
as  being  on  that  neutral  zone  on  which  you 
can  see  alternately  the  oscillation  caused  by 
the  contractions  of  the  auricles  and  ven- 
tricles. One  should  also  mark  on  the  outline 
the  point  where  he  observes  the  apex-beats. 
Once  the  orthodiagram  is  finished,  Vaquez 
and  Bordet  immediately  begin  to  determine 
the  index  of  depth  of  ventricular  develop- 
ment, using  for  this  purpose  a  method  de- 
rived from  that  which  Strohl  employs  for 
the  localization  of  foreign  bodies.  With  the 
patient  still  standing  in  this  frontal  position, 
you  ask  him  to  make  alternately  forced 
movements  of  inspiration  and  expiration, 
during  which  you  observe  the  displacements 
of  the  heart  and  study  the  inferior  outline  of 
the  right  ventricle  as  well  as  the  extent  of 
the  movements  of  contraction  and  expan- 
sion of  the  diaphragmatic  dome.  The  degree 
of  mobility  of  the  apex  is  investigated  by 
having  the  patient  bend  his  body  to  the  right 
and  to  the  left.  The  character  of  the  cardiac 
and  aortic  pulsations  will  have  been  noted 
during  the  first  part  of  the  examination. 
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Next,  the  patient  is  placed  in  a  direct  pos- 
terior position,  having  him  turn  slowly  with 
his  left  side  as  an  axis,  while  his  right 
shoulder  comes  nearer  and  nearer  to  the 
screen;  you  ascertain  the  exact  position  in 
which  the  apex  of  the  heart  hides  itself,  dis- 
appearing behind  the  shadow  caused  by  the 
vertebral  column,  and  then  you  measure  the 
angle  that  the  biscapular  line  forms  at  that 
moment  with  a  plane  parallel  to  the  screen. 
This  is  the  "angle  of  disappearance  of  the 
apex"  of  Vaquez  and  Bordet  (L'angle  de 
disparition  de  la  pointe).  This  angle — which 
as  the  index  of  depth  is  found  increased  in 
all  cases  of  hypertrophy  of  the  left  ventricle 
— is  measured  by  these  authors  with  a 
goniometer  of  their  own  invention. 

From  these  direct  positions  the  patient  is 
put  in  the  oblique  positions,  which  are  very 
important  for  the  investigations  of  deformi- 
ties or  modifications  of  volume  of  the  vascu- 
lar pedicle  and  of  the  different  cardiac  cham- 
bers, chiefly  that  of  the  auricle  and  of  the 
right  ventricle.  The  most  common  of  these 
positions  are  the  right  anterior  oblique,  the 
left  anterior  oblique  and  the  right  posterior 
oblique. 

On  the  traced  record  of  the  orthodiagram 
are  marked  the  points  corresponding  to  the 
extreme  limits  of  the  contour  of  the  left 
ventricle  and  of  the  right  auricle,  which  in 
the  accompanying  illustration  (Fig.  i)  are 
indicated  as  the  points  GG'  for  the  left  ven- 
tricle, and  DD'  for  the  right  auricle;  which 
points  are  to  serve  for  the  tracing  of  the 
different  diameters  with  which  we  are  to  cal- 
culate the  global  volume  of  the  heart  or  the 
partial  volume  of  each  one  of  its  individual 
chambers. 

Vaquez  and  Bordet  have  adopted  the 
horizontal  and  longitudinal  diameters  estab- 
lished by  Clayton  and  Merrill,  and  they 
agree  that  their  dimensions  are  in  accord  and 
relation  with  the  weight  and  muscular  de- 
velopment of  the  individual;  but  they  add 
that  they  also  vary  with  the  age  of  the  sub- 
ject, such  variations  oscillating  among  aver- 
age limits,  the  variation  being  from  123  mil- 
limeters of  longitudinal  diameter  and  no 
millimeters  of  the  horizontal,  in  a  subject 


of  from  twenty  to  thirty  years  of  age  whose 
weight  does  not  exceed  60  kilos,  up  to  142 
millimeters  of  longitudinal  diameter  by  132 
millimeters  of  the  horizontal  in  a  subject 
past  sixty  years  of  age  and  with  a  weight  of 
70  to  90  kilos.  The  longitudinal  diameter  is 
measured  by  tracing  a  line  from  point  D 
in  the  illustration  (the  point  of  intersection 


Figure  i. 

of  the  outline  of  the  right  auricle  with  the 
origin  of  the  vascular  pedicle)  to  G'  (the 
point  of  the  apex  beat).  It  indicates  the 
global  development  of  the  ventricles.  The 
horizontal  diameter  measures  the  distance 
from  the  most  salient  part  of  the  right  car- 
diac contour,  to  the  most  salient  of  the  left, 
and  indicates  also  the  development  of  the 
right  cavities. 

Vaquez  and  Bordet  also  utilize  the  basal 
diameter  of  Wenchebach  that  measures  the 
development  of  the  base  of  the  ventricles, 
and  corresponds  to  that  line  which  connects 
points  D'  (the  point  of  intersection  of  the 
right  auricular  and  ventricular  contour)  to 
the  point  G'  (the  upper  origin  of  the  left 
ventricular  contour).  Its  mean  normal  value 
is  99  millimeters. 

Besides  these  diameters,  important  for  the 
investigation  of  global  alterations  of  form 
and  volume  of  the  cardiac  silhouette,  Va- 
quez and  Bordet  have  also  introduced  new 
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diameters  which  faciHtate  the  study  of  the 
partial  modifications  in  the  outHne  of  each 
of  the  cavities.  These  diameters  are: 

(A)  The  left  ventricular  diameter  or  the 
left  chord  of  Siciliano  is  the  line  GG'  that 
unites  the  base  of  the  ventricle  to  its  apex 
and  measures  the  longitudinal  development 
of  this  cavity.  The  degree  of  curvature  of 
the  left  ventricular  contour  is  estimated  by 
the  length  of  the  chord  of  the  arc  which  it 
describes,  dropping  from  its  uppermost 
point,  a  line  perpendicular  to  the  diameter 
GG'. 

(B)  The  right  ventricular  diameter,  or 
line  D'G'  that  starts  from  the  right  cardio- 
diaphragmatic  angle  and  ends  at  the  apex  of 
the  heart,  measures  the  development  of  the 
right  ventricle.  It  is  not  always  very  easy  to 
determine.  It  is  subject  to  some  sources  of 
error,  which,  if  you  know  them,  you  can 
avoid — the  descent  of  the  point  of  origin  of 
the  ventricle  below  the  right  cardiodiaphrag- 
matic  angle  in  those  pathological  stages  in 
which  the  heart  lies  on  the  diaphragm  hori- 
zontally, and  its  elevation  when  the  organ  is 
tilted  to  the  right  by  the  hypertrophy  and 
descent  of  its  apex.  To  trace  its  chord  it  is 
necessary  to  have  recourse  to  the  gaseous 
distension  of  the  stomach. 

(C)  The  right  auricular  diameter  (DD') 
that  unites  the  right  cardiodiaphragmatic 
angle  with  the  cardiovascular  angle  of  the 
same  side,  and  measures  the  volumetric  de- 
velopment of  this  auricle. 

(D)  The  left  auricular  diameter  (Hne 
og),  that  connects  the  most  salient  point  of 
the  left  auricular  contour  with  the  interauri- 
cular  septum,  arbitrarily  placed  by  Vaquez 
and  Bordet  in  the  mediosternal  line.  This 
dimension  is  not  precise  and  has  little  diag- 
nostic value ;  it  can  be  ignored  because  the 
volumetric  and  morphologic  modifications  of 
the  left  auricle  can  be  better  studied  during 
the  examination  of  the  patient  in  an  oblique 
position. 

The  mean  normal  values  of  these  diam- 
eters are;  the  left  ventricle,  70  to  80  milli- 
meters; the  right  ventricle,  no  to  120  milli- 
meters; the  right  auricular,  50  millimeters, 
and  the  left  auricular,  40  to  50  millimeters. 


The  diameter  of  the  left  ventricle  has  in 
healthy  subjects  the  same  value  as  an  index 
of  depth. 

The  record  of  these  facts  upon  the  ortho- 
diagram and  the  record  of  the  alterations  in 
volume  and  contour  observed  with  the  ex- 
amination in  the  oblique  positions  and  the 
static  and  dynamic  perturbations  disclosed 
during  the  course  of  the  roentgenoscopic  in- 
vestigations, taken  into  consideration  with 
those  facts  given  us  from  the  clinical  his- 
tory, enable  us  in  the  majority  of  cases  to 
make  a  precise  roentgenologic  diagnosis  of 
each  one  of  the  lesions  of  the  heart  and  its 
vascular  pedicle,  whether  congenital  or  ac- 
quired. Just  as  in  other  branches  of  roent- 
genology, however,  this  does  not  mean  that 
there  would  not  occur  exceptional  cases  in 
which  it  would  be  impossible  to  arrive  at  a 
precise  conclusion ;  in  such  cases  the  roent- 
genologist has  to  restrict  himself  to  pointing 
out  those  abnormalities  which  he  has  ob- 
served. 

If  the  important  improvements  introduced 
by  Vaquez  and  Bordet  in  the  technique  of 
the  roentgenological  examination  of  the 
heart  are  of  great  interest,  of  still  more  im- 
portance are  their  contributions  to  our 
knowledge  of  the  normal  appearance  and 
pathologic  aspect  of  the  cardiovascular 
pedicle.  These  contributions  have  cleared  up 
many  errors  of  grave  importance,  carefully 
handed  down  in  all  the  works  of  roentgen- 
ology, proving  by  means  of  experimental 
and  clinical  facts  that  the  image  of  the  vena 
cava  is  visible  in  the  normal  subject,  and  that 
the  cylindrical  shadow  seen  to  descend  (the 
patient  being  observed  in  the  right  anterior 
oblique  position)  down  the  clear  retrocardiac 
space  parallel  to  the  ascending  aorta,  which 
was  believed  and  is  still  thought  by  many 
roentgenologists  to  be  the  shadow  corres- 
ponding to  the  descending  portion  of  the 
aorta,  is  not  this  vessel  at  all  but  the  superior 
vena  cava. 

They  have  also  conclusively  proven  that 
the  extent  of  the  roentgenoscopic  shadow  of 
the  descending  aorta  is  very  far  from  being 
that  which  it  was  formerly  thought  to  be,  in 
open  contradiction  to  the  classical  teachings 
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of  descriptive  anatomy ;  but  on  the  contrary, 
according  to  their  teachings,  it  crosses  in  an 
oblique  chrection  from  before  backwards  the 
clear  retrocardiac  space,  and  at  the  level  of 
the  body  of  the  fourth  dorsal  vertebra  turns 
and  descends  along  the  left  side  of  the  spine. 
These  observations  have  been  later  con- 
firmed by  these  authors'  most  interesting 
studies  on  the  senile  aorta  and  by  the  recent 
and  most  conclusive  experiments  of  Thoyer 
Rozat. 

On  the  other  hand,  on  account  of  the  deep 
location  of  this  segment  of  the  vessel  in  the 
posterior  mediastinum,  and  the  considerable 
distance  from  the  fluoroscopic  screen,  its  im- 
age is  not  visible  in  the  normal  subject,  be- 
cause its  shadow,  weakly  opaque,  is  lost 
among  the  clear  projections  from  the  pul- 
monary parenchyma  and  the  large  bronchi, 
and  those  transparent  organs  located  behind 
the  retrocardiac  space.  It  is  only  when  the 
aortic  opacity  is  augmented  through  some 
pathological  or  senile  lesion  or  when  the 
clear  transparency  of  the  lungs  is  consider- 
ably diminished,  that  favorable  conditions 
obtain  for  the  perception  of  the  shadow. 

Starting  with  these  precise  conceptions,  it 
has  been  possible  to  perfect  the  technique 
and  to  enrich  our  stock  of  knowledge  of 
roentgenoscopic  symptoms  of  diseases  of  the 
cardiac  pedicle ;  for  precise  roentgenoscopy 
enables  us  to  make  simultaneously  the  volu- 
metric and  qualitative  analysis  of  the  large 
trunks  which  compose  it,  and  even  in  some 
occasions  of  its  efferent  branches. 

The  volumetric  analysis  is  practiced  by 
measuring  the  caliber  of  the  vessel,  and,  in 
the  case  of  the  aorta,  calculating  also  the 
transverse  diameter,  the  cord  of  the  so-called 
hemicircle,  or  the  left  superior  arch  of  the 
middle  shadow,  and  the  height  of  the  aortic 
bend. 

The  caliber  of  the  aorta,  which  varies  with 
the  age  and  build  of  the  subject,  is  meas- 
ured over  its  ascending  portion,  between  the 
bend  and  the  salient  of  the  pulmonary 
artery,  ranges  from  lo  to  20  millimeters  at 
sixteen  years  of  age  and  between  30  and  35 
millimeters  at  sixty. 

It  is  a  dimension  of  the  srreatest  clinical 


value  when  it  has  been  carefully  and  ac- 
curately calculated.  That  is  why  it  is  import- 
ant to  measure  it,  confining  oneself  strictly 
to  the  rules  of  orthogonal  projections;  that 
is,  tracing  the  ncjrmal  ray  tangentially  to 
each  one  of  its  borders.  To  accomplish  this, 
the  most  favorable  position  is  the  right  an- 
terior oblif[ue,  employing  the  .r-rays  at  an 
approximate  incidence  of  35  degrees.  The 
exactness  of  the  obtained  measurement  taken 
must  be  verified  by  estimating  again  the 
caliber  of  the  artery  in  the  left  antero- 
oblique  position. 

We  must  call  attention  to  an  error  fre- 
cjuently  made  while  taking  this  measurement. 
This  error  consists  in  trying  to  separate, 
with  the  subject  in  the  right  anterior  oblique 
position,  the  shadow  of  the  vessels  from  that 
projected  by  the  vertebral  column,  by  a  clear 
space  which  is  quite  conspicuous,  and  while 
keeping  the  central  ray  in  a  fixed  position, 
measuring  the  pedicular  shadow  from  its  an- 
terior mediastinal  border  to  the  posterior 
border.  Vaquez  and  Bordet  have  shown  that 
this  measure,  given  as  that  of  the  aorta,  is 
not  at  all  correct,  as  it  includes  that  of  the 
artery  and  part  of  the  vena  cava. 

The  transverse  diameter  of  the  normal 
aorta  varies  according  to  age,  between  4  and 
8  centimeters;  the  chord  of  the  aortic  hemi- 
circle, from  o  to  4  centimeters.  The  upper 
border  of  the  arch  of  the  aorta  is  about 
2  centimeters  below  the  lower  border  of  the 
left  clavicle. 

The  most  convenient  positions  for  the  ex- 
amination of  the  vascular  pedicle  of  the 
heart  are  the  right  anterior  obhque,  the  left 
anterior  oblique  and  the  right  posterior 
oblique.  The  first  of  these  is  most  convenient 
for  the  examination  of  the  ascending  and 
descending  portions  of  the  aorta,  as  well  as 
the  vena  cava ;  the  second  is  appropriate  for 
the  examination  of  the  transverse  portion  of 
the  aorta  to  measure  in  certain  cases  the 
caliber  of  the  pulmonary  artery,  and  for  the 
study  of  certain  lesions  of  the  venous  and 
arterial  brachiocephalic  trunks,  as  well  as  the 
left  common  carotid  and  the  left  subclavian 
arteries;  and  the  third  one  is  useful  for  the 
studv  of  the  anteroposterior  segment  in  its 
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terminal  portion  and  also  of  the  arterial 
brachiocephalic  trunk. 

There  is  an  abnormal  increase  of  a  diame- 
ter or  dimension  whenever  its  value  exceeds 
the  normal  by  5  millimeters. 

The  qualitative  analysis  of  the  vascular 
pedicle  can  show  us  the  degree  of  density  of 
the  arterial  walls,  according  to  the  more  or 
less  marked  opacity  to  the  .r-rays;  it  also 
gives  us  information  about  the  localization 
and  character  of  the  beats,  of  the  greater  or 
lesser  elasticity  of  the  arterial  walls,  about 
the  enlargement  and  development  of  the 
aortic  arch,  and  about  any  irregularity  and 
deformity  in  the  outline. 

From  the  roentgenological  point  of  view, 
the  most  important  lesions  which  the  study 
of  the  vascular  pedicle  of  the  heart  offers, 
are  aortitis  and  aortic  aneurysm,  dilatations 
and  aneurysms  of  the  pulmonary  artery,  di- 
latations of  the  vena  cava  and  its  tributary 
branches,  and  the  aneurysms  of  the  brachio- 
cephalic trunk  and  of  the  subclavian  and 
left  common  carotid  arteries. 

Vaquez  and  Bordet  recognize  two  varie- 
ties of  aortitis:  (a)  Those  which  show  signs 
of  dilatation  of  the  vessel,  easily  diagnosed 
by  the  exact  measurement  of  its  caliber,  (b) 
Those  which  manifest  themselves  by  the 
darkness  or  opacity  of  its  walls.  Although 
in  these  last  the  artery  preserves  its  normal 
caliber,  it  nevertheless  frequently  presents  an 
enlargement  of  its  transverse  diameter,  to- 
gether with  diminution  or  even  obliteration 
of  its  true  pulsations,  and  exaggerations  or 
tortuosity  and  elevation  of  the  arch. 

The  aneurysmal  dilatations  present  a  syn- 
drome which  is  defined  through  the  volu- 
metric and  qualitative  study  of  its  roentgen- 
ologic image,  whose  great  axis,  as  well  as 
the  direction  of  its  pulsation,  will  be  directed 
according  to  their  anatomic  position  and 
that  at  which  the  patient  is  being  examined, 
to  one  or  the  other  side  of  the  median 
shadow  if  studied  in  the  frontal  position,  and 
towards  the  thorax  or  vertebral  column  in 
an  oblique  position. 

Vaquez  and  Bordet  synthetize  by  means 
of  the  following  formulae,  which  give  a  pre- 
cise diagnosis,  the  direction  most  commonly 


followed  by  the  salient  in  aneurysms  of  the 
aorta. 

The  aneurysms  of  the  ascending  portion 
of  the  aorta,  if  the  sac  is  lateral,  project, 
when  viewed  from  the  front,  towards  the 
right  of  the  median  shadow,  and  when  seen 
in  an  oblique  direction,  towards  the  verte- 
bral column,  if  viewed  right  anteriorly;  and 
towards  the  thorax,  if  seen  left  anteriorly. 
If  the  sac  is  anterior  the  shadow  projects 
constantly  towards  the  thoracic  wall  and 
towards  the  vertebral  column  if  posterior. 

Aneurysms  of  the  descending  portion, 
when  in  a  lateral  situation,  project  their 
images  towards  the  left,  towards  the  thoracic 
wall  and  towards  the  vertebral  column,  re- 
spectively ;  when  the  sac  is  anterior,  towards 
the  thorax  in  the  right  anterior  oblique  posi- 
tion and  towards  the  vertebral  column,  in 
the  left  anterior  oblique;  and  if  the  sac  is 
posterior  it  is  invariably  directed  towards  the 
vertebral  column. 

Aneurysms  of  the  transverse  portion  of 
the  aorta  grow  as  a  rule  in  a  vertical  direc- 
tion. 

As  to  the  pulmonary  artery,  the  study  of 
deformities  and  qualitative  modifications  in 
the  median  arch  leads  with  fairly  good  pre- 
cision to  the  diagnosis  of  any  dilatation,  a 
complication  so  commonly  found  in  cases  of 
pulmonary  insufficiency  or  stenosis.  It  is  also 
at  the  same  time  possible  to  discover  any 
sclerotic  or  atheromatous  degeneration. 

Dilatations  of  the  superior  vena  cava, 
whether  caused  by  mechanical  compression 
from  intrathoracic  tumors,  inflammatory 
process  of  the  mediastinum,  or  secondary  to 
incompetency  of  the  right  cardiac  orifices, 
can  also  be  diagnosed. 

Exact  roentgenology,  the  roentgenology 
of  precision,  in  a  word,  owing  to  the  more 
correct  interpretation  of  fluoroscopic  images, 
due  to  the  most  interesting  investigations  of 
Vaquez  and  Bordet,  and  of  Thoyer  Rozat, 
and  thanks  also  to  the  recent  perfections 
of  their  methods  of  examination,  is  to-day 
capable  of  solving  with  far  more  precision 
than  any  of  the  old  clinical  procedures  the 
diagnosis  of  the  different  morbid  processes 
of  the  heart  and  its  vascular  pedicle. 


TUMORS  OF  NERVE  TISSUE  IN  RELATION  TO 
TREATMENT  BY  RADIATION* 

By  JAMES  EWING,  m.d. 

Pathologist  to  the  Memorial  Hospital 

NEW    YORK    CITY 


"O  EGARDLESS  of  its  future  as  a  thera- 
•^-^  peutic  agent,  one  of  the  permanent  con- 
tributions of  radium  therapy  has  been  the 
demonstration  of  certain  biological  proper- 
ties of  malignant  tumors  which  were  pre- 
viously unrecognized. 

Basal  cell  carcinoma,  in  whatever  one  of 
its  many  forms  it  may  appear,  is  regularly 
susceptible  to  radium,  while  squamous  car- 
cinoma is  comparatively  insusceptible.  One 
could  hardly  anticipate  that  lymphosarcoma, 
which  grows  rapidly  and  invades  tissues  with 
destructive  disregard,  should  melt  away  with 
surprising  promptness  under  gamma  rays. 
These  differences,  revealed  by  the  reaction  to 
radium,  have  elucidated  other  peculiarities 
in  the  biology  of  these  tumors. 

In  general,  the  structural  characters  which 
determine  susceptibility  to  radiation  are  a 
cellular  character;  an  undifferentiated  form 
of  the  cells;  rapid  growth  with  abundance 
of  mitoses ;  vascularity,  especially  when  due 
to  abundance  of  delicate  capillaries ;  and  ab- 
sence of  much  intercellular  substance.  On 
the  other  hand,  tumors  prove  relatively  in- 
susceptible when  the  cells  are  differentiated 
and  adult  in  type ;  when  they  grow  slowly 
and  mitoses  are  few ;  when  the  blood  supply 
is  through  well  formed  adult  vessels;  and 
when  there  is  much  intercellular  substance. 

Considering  the  tumors  that  affect  nerve 
tissue,  in  brain,  meninges,  spinal  cord,  and 
peripheral  nerve  trunks,  one  finds  very  wide 
variations  in  the  above  particulars,  and  if 
the  rules  hold,  then  one  should  expect  similar 
variations  in  the  response  to  radium. 

In  the  peripheral  nerve  trunks  the  struc- 
ture presents  in  the  well-known  neuro- 
fibroma or  neurosarcoma  several  features  of 
the  resistant  tumor.  The  cells  are  large  or 
small  spindles,  not  overnumerous,  dividing 
slowlv  in  accordance  with  the  usual  clinical 


course ;  and  accompanied  with  much  peculiar 
intercellular  substance  or  even  with  definitely 
formed  although  imperfect  fibrillar  struc- 
tures; while  the  blood  supply  is  moderate 
with  well  formed  blood-vessels  of  the  type 
of  arterioles.  Accordingly  one  finds  that  this 
tumor  is  exceedingly  resistant  to  all  forms 
of  radiation  in  any  dosage  that  can  safely 
be  applied  through  the  skin. 

It  is  highly  unfortunate  that  this  common 
tumor  should  enjoy  such  resistance  to  radia- 
tion, for  it  is  especially  prone  to  recur  after 
excision  and  to  assume  more  malignant  ten- 
dencies after  each  operation. 

The  dangerous  character  of  this  disease 
seems  to  deserve  special  emphasis,  for  at 
the  Memorial  Hospital  during  the  past  two 
years  there  have  been  received  more  than 
lOO  recurrent  cases  of  this  type,  in  which 
from  one  to  twenty-one  operations  had  been 
performed.  The  persistence  of  these  recur- 
rences is  quite  remarkable.  Even  after  wide 
excision,  the  neighboring  tissues  seem  to  join 
forces  in  providing  new  tumor  tissue,  as 
though  the  nerve  filaments  on  all  sides  of  the 
growth  had  the  capacity  to  excite  growth 
of  neoplastic  cells,  after  the  manner  in  which 
the  primitive  neuroblasts  are  said  to  provide 
themselves  with  sheaths  from  the  tissues  in 
which  they  travel.  Or  the  recurrent  tumor 
may  develop  anew  in  an  adjoining  segment 
of  the  affected  nerve  trunk,  which  in 
many  cases  is  condemned  to  tumor  growth 
throughout  much  of  its  extent. 

Most  of  these  tumors  pass  unrecognized 
and  fall  in  the  general  designation  'sarcoma.' 
Yet  the  structure  of  intertwining  fibrils  and 
long  spindle  cells  is  quite  specific  and  easily 
recognized.  They  are  quite  different  in  re- 
action to  radium  from  the  soft  and  vascular 
fascial  sarcomas. 

The  exact  form  in  which  these  dangerous 


'  Read  before  the  New  York  Neurological  Society.  New  York  Academy  of  Medicine,  Dec.  7,  1920. 
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tumors  first  appear  is  not  entirely  clear,  but 
many  of  them  are  regarded  as  innocent  mov- 
able tumors  of  the  subcutaneous  tissue  or 
intermuscular  planes.  In  attacking  such  a 
tumor  the  surgeon  should  realize  that  he  is 
undertaking  a  very  serious  problem  and 
that  if  operation  is  not  successful  he  can 
expect  little  aid  from  physical  agents.  Neuro- 
fibroma of  the  acoustic  nerve  has  a  gen- 
erally unfavorable  prognosis,  but  there  is 
a  myxoglioma  of  the  optic  nerve  occurring 
in  young  subjects,  which  is  readily  enucle- 
able  and  does  not  recur. 

Endothelioma. — There  are  several  differ- 
ent structural  types  of  tumors  of  brain,  cord, 
and  meninges  which  are  commonly  referred 
to  an  endothelial  origin. 

Psanunoma,  or  sand  tumor,  is  a  frequent, 
well-known,  slowly  growing,  hard,  single  or 
multiple  tumor  of  the  meninges,  affecting 
either  brain  or  cord,  and  sometimes  extend- 
ing all  over  the  cerebrospinal  meninges.  It 
is  composed  of  dense  concentric  masses  of 
meningeal  lining  cells,  and  arises  from  the 
so-called  endothelial  buds  of  the  dura  mater. 
It  does  not  seem  possible  that  radiation  can 
have  more  than  a  mild  inhibiting  influence 
on  such  a  tissue,  unless  radium  is  applied 
directly  to  the  tumor  or  inserted  within  it. 
Since  they  are  usually  located  in  the  dura, 
this  mode  of  treatment  should  often  be  possi- 
ble. 

Rarely  one  encounters  vascular  and  cellu- 
lar endotheliomas  which  may  be  more  sus- 
ceptible; but  whenever  the  cells  are  of  adult 
endothelial  type  and  of  pavement  form,  they 
cannot  be  regarded  as  a  very  favorable  type 
for  treatment  by  radiation,  unless  radium 
can  be  inserted  within  the  tumor. 

True  angio-endothelioma,  or  perithelioma, 
occurs  in  the  meninges  and  substance  of 
brain  and  cord,  as  well  as  along  the  peripher- 
al nerve  trunks  as  they  emerge  from  the  cord 
in  the  spinal  canal.  These  tumors  are  com- 
posed of  large  polyhedral  or  cubical,  occa- 
sionally flattened  cells,  surrounding  blood 
channels.  Groups  of  such  cells  occur  in  the 
rare  diffuse  sarcoma  of  spinal  meninges. 
They  should  be  more  susceptible  to  radium. 

Angiosarcoma  is  the  common  tumor  of  the 


sarcomatous  class  that  occurs  in  the  brain. 
It  appears  to  arise  from  the  cells  composing 
the  blood-vessels,  and  is  one  of  the  few  ex- 
amples of  a  true  mesoblastic  sarcoma  arising 
from  blood-vessels.  It  grows  rapidly;  often 
reaches  large  dimensions;  is  generally  en- 
capsulated as  contrasted  with  glioma ;  and  it 
is  soft,  highly  vascular,  and  subject  to  hem- 
orrhages. It  is  one  of  the  few  tumors  that 
has  been  satisfactorily  traced  to  a  traumatic 
origin. 

As  far  as  the  tissue  itself  is  concerned  this 
tumor  ought  to  be  markedly  influenced  by 
radiation,  since  its  nutrition  is  very  unstable ; 
but  whether  a  slow  and  safe  regression  can 
be  accomplished  appears  doubtful,  especially 
with  bulky  tumors.  On  the  other  hand  very 
few  successful  surgical  removals  of  such 
growths  have  ever  been  accomplished,  so 
that  they  are  legitimate  territory  for  experi- 
mentation with  physical  agents. 

Glioma. — Of  all  tumors  of  brain  and 
spinal  cord,  glioma  in  its  various  forms  pre- 
sents most  of  the  structural  features  that 
favor  susceptibility  to  radiation.  They  are 
cellular,  sometimes  extremely  so ;  the  cells 
are  of  delicate  construction  and  labile  chem- 
ical constitution,  which  render  them  very 
prone  to  autolysis  and  liquefaction;  the 
blood-vessels  are  numerous  and  very  fragile, 
and  the  tumors  are  notably  subject  to  hem- 
orrhage and  necrosis.  They  are  by  far  the 
most  frequent  brain  tumor,  forming  55  per 
cent  of  all  tumors,  including  fibromas,  cysts, 
and  tubercle.  (Tooth.)  They  are  chiefly  cor- 
tical, and  their  sites  of  election  are  the  cere- 
bellum and  the  frontal  lobes.  Unfavorable 
features  are  their  comparatively  rapid 
growth,  lack  of  encapsulation  and  the  sec- 
ondary effects  on  surrounding  brain  tissue. 

Three  main  types  of  glioma  may  be  rec- 
ognized; Astrocytoma,  typical  adult  glioma 
with  glia  cells  and  fibrils;  Gliosarcoma, 
which  is  anaplastic  and  very  cellular;  and 
Neuro-epithelioma,  which  is  the  embryonal 
form.  Only  the  astrocytoma  contains  any- 
thing like  a  resistant  intercellular  material, 
and  this  is  usually  poorly  formed  and  scanty. 
Extravasated  blood  and  cystic  collections  of 
fluid    form    a   considerable   portion    of   the 
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bulk  of  many  gliomas,  and  are  quite  as  ef- 
fective in  producing  pressure  as  growing 
tumor  cells. 

On  the  whole  I  know  of  no  tumor  which 
on  a  priori  grounds  ought  to  yield  more  read- 
ily to  moderate  radiation  than  the  average 
glioma. 

Primary  carcinoma  of  the  brain  arises 
from  the  lining  cells  of  the  choroid  plexus. 
Although  originally  derived  from  neuro- 
blasts these  lining  cells  have  acquired  the 
properties  of  lining  epithelium.  The  result- 
ing tumors  take  the  embryonal  type  of  epen- 
dymal  glioma,  or  more  frequently  the  adult 
type  of  papillary  adenocarcinoma.  These 
adenocarcinomas  occupy  the  lateral  ventricle, 
seldom  reach  dimensions  exceeding  4  to  5 
cm.  in  diameter,  and  they  are  composed  of 
very  delicate  mucinous  stroma  supporting 
fragile  capillaries  and  lined  by  coherent 
masses  of  small  delicate  polyhedral  cells. 
The  growth  is  slow.  Their  structure  indi- 
cates a  high  degree  of  susceptibility  to  ra- 
dium. More  coarsely  built  adult  papillary 
adenocarcinomas  occur  which  seem  to  arise 
from  the  velum  interpositum. 

In  the  region  of  the  third  ventricle  pro- 
ject the  very  delicately  structured  cellular 
tumors  of  the  pineal  gland.  In  the  fourth 
ventricle  are  found  chiefly  gliomas  and  an- 
giomas, the  latter  quite  beyond  the  reach  of 
either  knife  or  physical  agent.  From  this  re- 
gion I  have  recently  seen  a  papillary  neuro- 
epithelioma of  very  delicate  and  vascular 
structure.  The  patient  succumbed  to  explor- 
atory operation. 

All  these  tumors  along  the  center  of  the 
brain  axis  are  well  protected  by  distance 
from  the  attack  by  radiation,  but  their  very 
delicate  structure  encourages  the  hope  that 
they  may  in  some  instances  be  favorably  in- 
fluenced by  the  physical  agents. 

The  group  of  hypophyseal  tumors  includes 
cysts,  chronic  adenomatoid  hyperplasia,  cel- 
lular adenocarcinoma,  glioma,  and  hypo- 
physeal duct  tumors. 

There  are  no  data  suggesting  that  radium 
can  affect  the  accumulation  of  fluid  in  the 
cysts. 

Chronic  hypophyseal   struma   with   acro- 


megaly has  already  been  definitely  influ- 
enced by  .r-rays  directed  through  the  tem- 
poral regions.  Beclere's  results,  especially, 
encourage  the  effort  to  control  these  partial 
tumor  processes  by  the  physical  agents  and 
to  devise  more  direct  means  of  access  to 
them  by  surgery.  Quick  has  already  reported 
on  the  efforts  made  in  this  field  at  the  Mem- 
orial Hospital,  and  it  is  our  belief  that  suc- 
cess will  eventually  be  attained  by  exposing 
these  tumors  for  direct  radiation  or  by  in- 
serting minute  quantities  of  radium  within 
them.  It  cannot  be  said  that  hypophyseal 
struma,  being  a  form  of  functional  hyper- 
plasia, is  very  susceptible  to  radiation.  The 
cellular  adenocarcinomas  are  more  so.  In 
either  case  the  bulk  of  the  tumor  should  ren- 
der the  insertion  of  radium  a  safe  procedure, 
if  infection  can  be  avoided. 

The  hypophyseal  duct  tumors  belong  in 
the  class  of  basal  cell  carcinomas  of  the  sali- 
vary gland  type.  In  the  salivary  glands  these 
tumors  respond  well  to  radium  but  regres- 
sion is  very  slow.  In  the  hypophysis  the  tu- 
mors are  usually  cystic. 

The  slow  course  of  most  hypophyseal 
growths  and  the  peculiar  clinical  symptoms 
due  to  functional  disturbance  of  the  endo- 
crine system  provide  very  delicate  indica- 
tors of  any  therapeutic  effect  that  may  be 
produced  upon  them,  and  render  this  field 
of  unusual  interest  in  radium  therapy. 

The  possibility  of  applying  radium  suc- 
cessfully and  safely  to  intracranial  and  intra- 
spinal tumors  depends  on  several  factors. 
Chief  among  these  is  the  obstacle  presented 
by  the  skull.  In  the  adult  the  average  thick- 
ness of  the  skull  is  about  5  to  6  millimeters. 
This  thickness  of  bone  tissue,  it  has  been 
found,  will  absorb  between  2  per  cent  and  3 
per  cent  of  the  gamma  rays  which  pass 
through  2  millimeters  of  brass.  Accordingly 
the  dosage  would  have  to  be  increased  to 
meet  this  loss,  if  one  is  to  deliver  a  radiation 
known  to  be  effective  with  other  more  ex- 
posed tumors.  Yet  this  result  can  be  ac- 
complished by  increasing  the  quantity  of  ra- 
dium used,  as  well  as  the  distance  and  time 
factors,  but  it  must  be  recognized  that  an 
additional  difficulty  exists  which  is  not  en- 
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countered  with  other  less  protected  tumors. 

The  distance  of  many  tumors  from  the 
scalp,  especially  those  lying  centrally,  or  at 
the  base  of  the  brain,  is  an  even  greater 
handicap  than  the  absorption  by  the  skull, 
for  the  radiation  diminishes  as  the  square  of 
the  distance.  To  meet  this  difficulty  a  fur- 
ther increase  in  dosage,  distance  and  time 
must  be  provided.  Hence  it  would  appear 
that  the  effective  treatment  of  brain  tumors 
by  external  radiation  will  require  so  much 
radium  as  to  restrict  this  method  to  institu- 
tions possessing  large  amounts.  Since  only 
cellular  tumors  can  be  definitely  influenced 
by  heavily  filtered  radium  at  a  distance,  the 
method  is  still  further  limited  to  such  types, 
which  are  mainly  the  gliomas,  and  cellular 
tumors  of  neuro-epithelium  and  ependymal 
cells. 

In  children,  the  comparative  thinness  of 
the  skull,  smaller  size  of  brain,  and  more 
frequent  occurrence  of  cellular  tumors  sug- 
gests that  external  radiation  should  first 
be  employed  before  proceeding  to  other 
methods. 

That  an  effective  dosage  of  radiation  can 
be  delivered  through  the  adult  skull  to  all 
portions  of  the  brain,  sufficient  to  influence 
the  growth  of  cellular  tumors,  can  be  shown 
by  physical  computation,  and  has  been  dem- 
onstrated experimentally  by  the  work  of  Dr. 
Bagg  on  dogs  and  monkeys.  Whether  such 
dosage  will  prove  sufficient  to  bring  to  a 
standstill  or  to  definite  regression  any  of 
these  tumors,  can  be  determined  only  by  ac- 
tual experiment  on  the  human  subject.  It  is 
sufficient  to  point  out  that  the  use  of  radium 
in  such  cases,  is  not  a  mere  placebo. 

Two  thousand  millicuries  of  emanation 
filtered  through  2  mm.  of  brass  and  placed 
for  six  hours  at  a  distance  of  6  to  10  cm. 
from  the  skin,  has  often  produced  rapid 
regression  of  deep  glandular  carcinomas, 
metastases  of  testicular  carcinoma  in  the  epi- 
gastric region,  and  retroperitoneal  lympho- 
sarcoma. A  reduction  of  10  per  cent  for  the 
absorption  by  the  skull  and  brain  can  readily 
be  met  by  increasing  either  dosage  or  time. 
The  hair  of  the  scalp  will  be  sacrificed,  but 
the  cuticle  need  not  be  injured.  Nor  has  such 


dosage  produced  definite  subjective  cere- 
bral symptoms  during  its  application  or 
afterwards. 

In  the  brains  of  normal  dogs  and  monkeys 
these  dosages  have  not,  in  Bagg's  observa- 
tions, produced  any  structural  changes,  or 
any  demonstrable  symptoms.  In  fact  it  ap- 
pears that  very  much  higher  dosage,  result- 
ing in  a  caustic  necrosis  of  the  scalp,  may  be 
tolerated  without  yielding  structural  changes 
in  the  normal  brain.  It  has  been  upon  this 
experimental  evidence  that  we  have  felt  jus- 
tified in  employing  large  dosage  over  the 
brain  in  subjects  suffering  from  brain  tu- 
mors, and  the  cases  exhibited  this  evening, 
which  have  been  thus  treated,  confirm  our 
conclusions  regarding  the  safety  of  the 
dosage. 

But  the  brains  of  subjects  of  intracranial 
tumors  are  not  as  a  rule  normal.  Especially 
with  actively  growing  vascular  gliomas  and 
sarcomas,  and  even  with  slowly  growing  lo- 
calized endotheliomas,  as  shown  by  Collier, 
the  circulation  of  the  brain  is  often  dis- 
turbed, and  acute  or  chronic  edema  may  af- 
fect a  large  portion  or  the  whole  of  one 
hemisphere,  giving  rise  to  many  peculiar 
secondary  symptoms.  General  intracranial 
pressure  is  often  at  the  upper  limit  of  safety 
or  even  beyond  it,  with  all  types  of  intra- 
cranial growths.  Flattening  of  the  convolu- 
tions, capillary  anemia,  ventricular  hydrops, 
miliary  hemorrhages,  and  exudative  and  de- 
generative changes,  are  some  of  the  anatom- 
ical conditions  that  may  complicate  the  tu- 
mor. In  twenty  of  twenty-nine  cases,  mostly 
of  cerebellar  tumors,  Batten  and  Collier 
found  that  distention  of  the  spinal  arachnoid 
had  produced  degeneration  of  the  posterior 
columns  and  ganglia,  with  stretching,  tear- 
ing, and  compression  of  the  nerve  roots. 

Under  such  conditions  the  effects  of  ra- 
dium application  may  be  quite  different  from 
those  observed  in  normal  brains  and  cords. 
Full  radium  dosage  may  be  expected  to  pro- 
duce hyperemia,  increase  of  intracranial 
pressure,  and  probably  some  edema,  before 
it  can  cause  any  definite  recession  in  the  bulk 
of  a  tumor.  Therefore,  unless  the  patient  can 
withstand   a  certain  temporary  increase  in 
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pressure,  the  application  of  radium  may  be 
followed  by  aggravated  symptoms. 

When  the  tumor  can  be  exposed,  it  be- 
comes accessible  to  direct  application  of  ra- 
dium, or  to  the  insertion  of  emanation  nee- 
dles. The  last  method  is  undoubtedly  the 
most  effective  in  dealing  with  the  tumor, 
without  regard  to  its  structure,  but  it  is  ac- 
companied by  the  danger  of  infection,  and 
the  risk  of  damaging  normal  brain  tissue. 
Tissues  affected  by  radium  are  undoubtedly 
more  susceptible  to  infection  than  normal 
tissues,  but  one  can  hardly  question  the  cap- 
acity of  modern  surgical  technique  to  cope 
with  this  matter.  As  for  the  damage  to  nor- 
mal brain  tissue,  Bagg's  experiments  show  a 
remarkably  uniform  and  sharply  demarcated 
zone  beyond  which  the  effects  of  radium  on 
normal  brain  tissue  are  negligible.  If  radium 
needles  are  to  be  used  it  is  highly  important 
that  the  tumor  tissue  should  not  be  disturbed 
by  partial  excision,  as  the  tumor  tissue  acts 
as  a  filter  protecting  the  normal  unaffected 
areas. 

The  practice  of  attempting  to  remove  as 
much  as  possible  of  the  tumor  and  then  turn- 
ing the  case  over  for  radium  treatment  gen- 
erally assures  a  failure  and  discredits  radium 


therapy.  With  few  exceptions,  if  a  brain  tu- 
mor is  to  be  treated  by  radium,  surgery 
should  be  used  only  to  expose  the  tumor.  A 
cordial  cooperation  and  mutual  understand- 
ing between  surgeon  and  radiologist  are  es- 
sential if  any  success  is  to  be  achieved  in  this 
field. 

Any  attempt  to  suggest  the  scope  and  limi- 
tations of  radium  therapy  of  brain  tumors, 
on  theoretical  grounds,  is  obviously  sur- 
rounded by  so  many  possibilities  of  error, 
that  the  undertaking  may  well  prove  useless 
or  even  presumptuous.  In  nearly  all  respects 
the  problem  is  a  clinical  research,  to  be  un- 
dertaken by  the  experienced  neurological  sur- 
geon and  the  radium  expert,  and  the  only 
safe  guide  is  experience.  If  there  is  any  jus- 
tification for  the  discussion  presented  in  the 
present  paper,  it  is  found  in  the  review  of 
those  invariable  actions  of  radium  which 
have  been  observed  in  other  fields,  and  the 
analysis  of  the  structure  of  brain  tumors  as 
they  are  found  to  occur.  Without  this  knowl- 
edge as  a  basis  the  neurological  surgeon,  and 
the  radiologist  as  well,  are  helpless  in  at- 
tempting to  form  an  estimate  of  the  indica- 
tions for  radium  in  this  field,  or  in  judging 
of  its  results. 
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C  YPHILITIC  infection  of  the  lung  is  not 
^  a  common  disease,  but  that  it  does  occur 
and  that  it  is  mistaken  for  other  puhiionary 
diseases  there  can  be  Httle  doubt.  The  diag- 
nosis is  difficult,  particularly  in  the  earlier 
stages.  Most  of  the  modern  writers  mention 
the  roentgen  ray  method  of  examination  as 
being  of  assistance;  and  if  there  are  appear- 
ances suggestive  of  syphilis  of  the  lung  on 
the  .r-ray  plate,  their  recognition  is  certainly 
of  vast  importance  to  the  occasional  sufferer 
from  this  affliction,  especially  in  the  differ- 
entiation of  pulmonary  tuberculosis,  because 
a  correct  diagnosis  means  specific  treatment 
and  relief. 

Pneumonia  alba  fetalis  is  universally  rec- 
ognized and  will  not  be  considered  in  this 
discussion. 

Incidence. — At  a  luncheon  table  recent- 
ly, a  pathologist  and  a  surgeon  were  sitting 
side  by  side.  The  subject  of  syphilis  of  the 
lung  came  up.  The  pathologist  remarked: 
"Syphilis  of  the  lung  has  never  been  proven 
to  exist."  "Certainly  it  exists,"  said  the  sur- 
geon;  'T  can  show  you  a  case."  Thus  is  de- 
fined two  points  of  view,  the  ultra-scientific 
and  the  clinical.  Those  looking  at  the  ques- 
tion from  the  clinical  side  are  hoping  that 
histological  technique  may  be  improved  so 
that  incontrovertible  proof  may  be  fur- 
nished by  the  demonstration  of  the  trepo- 
nema  pallidum  in  pulmonary  lesions  as  it 
has  been  in  the  aorta  and  brain. 

Osler^  refers  to  pulmonary  syphilis  as  a 
"very  rare  disease."  In  2,800  autopsies  at 
the  Johns  Hopkins  Hospital,  there  were  12 
cases,  in  11  of  which  there  were  definite 
gummata.  Two  were  suspected  clinically. 
Fowler  could  find  only  12  specimens  in  the 
museums  of  London,  two  of  which  were 
doubtful.  Lord^  states  that  among  3,000  au- 
topsies at  the  Massachusetts  General  Hos- 


pital, there  was  one  case  with  syphilitic  ul- 
ceration of  the  trachea  and  indurative  pneu- 
monia with  cavity  formation.  The  syphilitic 
nature  of  the  pulmonary  lesions  was  con- 
sidered doubtful.  Carrera^  recently  made  a 
pathological  study  of  the  lungs  in  152  au- 
topsy cases  of  syphilis.  Among  these  he 
found  12,  or  8  per  cent,  which  he  believes 
show  unmistakable  evidences  of  syphilis. 
Osier  remarks  that  the  pathological  diagno- 
sis depends  a  good  deal  on  the  conception  of 
the  individual  pathologist  as  to  what  consti- 
tutes a  syphilitic  lesion. 

From  the  clinical  side,  McCrae  and  Funk* 
found  in  1200  cases  referred  to  the  Jeffer- 
son Chest  Hospital  as  being  unquestionably 
tuberculous,  72  which  were  non-tuberculous, 
of  which  number  4  had  pulmonary  syphilis. 
On  the  other  hand,  Carrera  quotes  Otis  as 
having  stated  that  in  his  experience  he  had 
not  found  a  case  which  he  believed  to  be 
syphilis  of  the  lung.  Post°  reported  two  cases 
in  1 91 6  which  he  lielieved  to  be  syphilis  of 
the  lung.  One  of  these  has  since  returned 
to  the  Massachusetts  General  Hospital  and 
will  be  discussed  below.  In  the  wards  of  the 
Massachusetts  General  Hospital  5  diagnoses 
of  syphilis  of  the  lungs  have  been  made,  all 
since  1908,  and  two  of  them  are  followed  by 
a  question  mark.  Two  of  these  diagnoses  in- 
volved the  same  case  on  two  admissions 
eleven  years  apart. 

Watkins,''  who  has  been  particularly  in- 
terested in  this  question  from  a  roentgeno- 
logical point  of  view,  reports  that  out  of 
5,000  .r-ray  examinations  of  the  heart  and 
lungs,  146  cases,  approximately  3  per  cent, 
were  diagnosed,  positively,  or  probably,  as 
uncomplicated  lung  syphilis  and  68  cases  as 
combined  tuberculosis  and  syphilis.  He  be- 
lieves the  latter  figure  is  far  below  the  ac- 
tual incidence  of  this  combination. 


'Read  before  the   New   England   Roentgen   Ray   Society,   April   2,    1921. 
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Pathology. — In  the  interpretation  of  ra- 
diographs, we  attempt  to  read  the  shadows 
representing  the  various  degrees  of  density 
in  the  part  through  which  the  rays  have 
passed  in  terms  of  pathology.  In  the  discus- 
sion of  this  subject,  it  may  be  of  advantage 
to  reason  the  other  way  around,  that  is,  from 
pathology  to  the  shadows  which  might  be 
expected  on  the  .^"-ray  plate.  A  valuable  re- 
view of  the  literature  from  the  pathological 
point  of  view  has  been  published  recently  by 
Carrera^  along  with  his  report  of  the  studv 
of  the  lungs  in  152  cases  of  syphilis.  From 
this  and  other  articles  the  following  points 
which  might  be  of  importance  from  the 
.r-ray  standpoint,  are  taken. 

Two  chief  types  of  lesions  have  been  de- 
scribed: the  gumma,  and  fibrosis  or  chronic 
interstitial  pneumonia. 

Cases  of  gumma  of  the  lungs  have  been 
described  by  many  writers.  Some  of  the 
points  emphasized  as  characteristic  are:  the 
multiple  occurrence  of  the  gumma;  its  sub- 
commitant  pleural  thickening;  and  the  ex- 
traordinary cicatrization  of  the  lesion.  Most 
writers  say  that  a  gumma  rarely  appears  in 
the  apex,  and  all  agree  that  the  right  lung  is 
more  frequently  affected. 

The  characteristics  described  as  typical  of 
chronic  interstitial  pneumonia  or  sclerosis 
are  as  follows:  Diffuse  infiltration  localized 
in  the  middle  or  lower  portions  of  the  lung 
with  sclerosis  of  the  bronchi  which  may  be 
dilated.  Sclerotic  tissue  radiates  from  the 
hilum  or  from  the  pleura,  may  extend  to  the 
farthest  zones  of  the  lungs  and  may  give  to 
the  lung  a  lobulated  appearance.  Around  the 
bronchi  and  vessels,  the  thickening  is  con- 
stantly found,  and  in  some  places  the  al- 
veolar walls  are  thickened.  All  writers  agree 
that  bundles  of  connective  tissue  radiate 
from  the  pleura,  in  many  cases  crossing 
the  lung  from  side  to  side.  Pye-Smith^  re- 
gards peribronchial  gummas  or  placjues  as 
the  starting  point  of  the  process  and  the 
bronchiectasis  as  the  result.  Roessle^  states 
that  the  characteristic  changes  in  chronic  in- 
terstitial pneumonia  are  peribronchitis  and 
periangitis,  thickening  of  the  alveolar  walls 
and  new   formation  of  a  network  of  con- 


nective tissue.  The  lesion  affects  chiefly  the 
lower  lobes.  No  secondary  collapse  of  the 
lung  takes  place. 

Syphilitic  lesions  of  the  pleura  were  be- 
lieved by  the  older  authors  to  exist.  Sadow- 
ski^  saw  a  case  of  gumma  of  the  pleura. 
Raymond^  accepted  the  existence  of  an  ex- 
udative syphilitic  pleuritis.  Hamman^  states 
that  in  chronic  cases  of  pulmonary  syphilis 
the  pleura  is  often  involved  and  great  thick- 
ening of  this  tissue  may  accentuate  the  pul- 
monary sclerosis.  Carrera  in  his  own  cases 
found  that  old  pleuritic  adhesions  and  thick- 
enings were  common,  but  the  changes  could 
not  be  identified  as  characteristic  of  syphilis. 
Schupfer'  reported  a  case  of  pleuritic  in- 
volvement which  subsided  under  antisyphi- 
litic  treatment,  but  believes  that  this  and  the 
majority  of  cases  in  the  literature  are  of  tu- 
berculous origin.  His  opinion  is  apparently 
based,  in  part  at  least,  upon  the  fact  that  he 
has  traced  many  of  the  cases  of  supposed 
syphilitic  pleurisy  and  has  found  that  they 
developed  frank  tuberculosis  later.  The 
writer  recently  observed  over  a  period  of 
months  a  case  (to  be  reported  elsewhere) 
which  came  to  the  hospital  with  a  rapidly 
recurring  hydrothorax,  the  fluid  being  of 
the  exudative  type  and  sterile.  Guinea  pig 
innoculation  gave  a  negative  result.  The 
effusion  c|uickly  cleared  up  under  antisyph- 
ilitic  treatment  and  the  patient  has  gained 
weight  and  has  been  about  her  work  for  over 
six  months.  The  burden  of  proof  would 
seem  to  be  upon  him  who  states  that  in  such 
a  case  the  pleurisy  was  of  tuberculous  ori- 
gin. A  patient  having  had  a  syphilitic  pleur- 
isy might  develop  active  tuberculosis  later. 

Hamman®  remarks  that  syphilis  is  com- 
mon in  the  upper  respiratory  passages  and 
rare  in  the  lungs,  while  the  opposite  is  true 
of  tuberculosis.  The  point  of  bifurcation  of 
the  trachea  is  a  favorite  location  of  syphilitic 
ulceration.  As  the  lesion  heals  contraction 
occurs  and  one  of  the  main  bronchi  may  be- 
come occluded,  resulting  in  extreme  bronchi- 
ectasis and  fibrosis.  Lord^  calls  attention  to 
the  fact  that  in  cases  in  which  tracheobron- 
chial syphilis  is  present,  bronchostenosis 
may  give  rise  to  inflammatory  and  indura- 
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tive  changes  in  the  puhnonary  territory  sup- 
plied by  the  stenotic  bronchus  without  ac- 
tual invasion  of  lung  tissue  by  the  syphilitic 
virus.  According  to  Carrera,  the  occurrence 
of  syphilitic  thickening  of  the  bronchi  has 
been  emphasized  by  many  writers  and  many 
have  ascribed  a  syphilitic  origin  to  bronchi- 
ectasis. Osier  and  Gibson^  state  that  bron- 
chiectatic  cavities  may  be  associated  with  a 
syphilitic  pneumonic  process,  and  that  a 
lung  may  be  excavated  by  a  bronchial  dila- 
tation in  the  same  way  as  from  an  aneurysm. 
NodaP°  remarks  that  the  pulmonary  sclero- 
ses in  congenital  syphilitic  children  involve 
to  a  variable  degree  the  pleurae  and  the 
lungs.  They  are  invariably  accompanied  by 
bronchiectasis.  The  condition  is  often  mis- 
interpreted as  cavernous  tuberculosis,  pneu- 
monia, pleurisy  or  simple  bronchitis. 

Carrera  divides  his  cases  into  two  classes: 
(i)  Gumma  with  peribronchial  lesions  and 
arteritis.  (2)  Fibrosis  and  arteritis. 

Syphilitic  fibrosis  takes  its  inception,  he 
states,  in  a  typical  inflammatory  process  due 
to  the  local  action  of  the  spirochetes,  and  is 
the  termination  of  the  syphilitic  process.  It 
should  extend  along  the  vessels  and  bronchi 
as  well.  He  also  studied  connective  tissue 
formation  in  60  cases  of  tuberculosis  and  is 
convinced  that  it  is  never  impossible  to  dis- 
tinguish the  two.  The  scar  of  the  tubercle  is 
round,  sharply  delimited,  more  frequently 
calcified  and  often  very  confluent  or  con- 
glomerated. The  scar  of  syphilis  is  irregu- 
larly radiating  or  stellate  and  not  sharply 
delimited.  The  scars  of  gummas  are  ex- 
tremely rarely  conglomerated  or  confluent. 
The  syphilitic  fibrosis  begins  under  the 
pleura  and  around  the  bronchi  and  is  more 
frequently  anthracosed  and  very  rarely  cal- 
cified. He  does  not  discuss  the  gross  distrib- 
ution of  the  lesions  in  these  cases. 

The  Radiograph. —  It  is  evident  from 
the  foregoing  that  the  possibilities  for  vari- 
ation in  individual  cases  of  syphilis  of  the 
lung  are  manifold,  and  that  it  would  be  diffi- 
cult to  make  a  satisfactory  classification 
from  the  .r-ray  standpoint.  However,  in 
view    of   the   pathology    of   this    condition, 


three  different  types  might  be  expected ;  two 
corresponding  to  Carrera's  two  types,  i.e., 
(i)  gumma  with  peribronchitis,  and  (2)  fi- 
brosis; and  the  third  resulting  from  bron- 
chostenosis with  or  without  actual  paren- 
chymal involvement.  The  pathological  de- 
scriptions are  definite  and  their  relations  to 
the  shadows  on  the  .r-ray  plate  are  more  or 
less  self-evident.  A  few  points  in  connec- 
tion with  each  type  may  be  worth  mention- 
ing. The  frequency  with  which  pleural  in- 
volvement has  been  found  should  be  borne 
in  mind. 

1.  Gurnnia  with  Peribronchitis. — This 
type,  of  course,  would  vary  with  the  pro- 
gress of  the  disease.  In  its  early  stages  it 
would  show  bronchial  markings  with  small 
knobby  enlargements  due  to  small  peribron- 
chial gummata.  Figure  2  is  an  example. 
Later  the  picture  would  be  modified  by  the 
increase  in  numbers  and  size  of  the  gum- 
mata, by  scar  formation  resulting  in  linear 
shadows  radiating  from  hilus  or  pleura  with 
contraction  of  the  lung  and  retraction  of 
the  mediastinal  contents,  and  by  increas- 
ing pleural  involvement.  Figure  3,  the  same 
case  as  Figure  2  but  five  years  later,  is  an 
example.  The  process  develops  from  the 
hilus  outward,  and  it  is  the  consensus  of 
opinion  that  it  prefers  the  lower  portions 
of  the  lung.  It  tends  to  develop  exten- 
sively in  one  lung,  which  is  more  apt  to 
be  the  right  according  to  the  literature, 
leaving  the  other  relatively  clear,  e.g.,  the 
left  lung  in  Figure  3.  The  shadow  of  the 
gumma  should  be  rather  irregular  in  outline, 
poorly  defined,  and,  when  cicatrized,  radiat- 
ing or  stellate,  and  rarely  if  ever  calcified. 

2.  Syphilitic  Fibrosis. — This  may  give  a 
rather  diffuse  increase  in  bronchial  shadows 
without  evident  gummatous  enlargements, 
as  is  suggested  by  right  lung  in  Figure  4. 

3.  Bronchostenosis. — The  result  of  ste- 
nosis of  a  bronchus  is  collapse  of  the  lung 
followed  by  extreme  pathological  changes. 
On  the  .r-ray  plate,  there  is  absolute  dulness 
involving  one  whole  side  with  marked  re- 
traction of  the  heart  and  mediastinum  to 
that  side.  Figure  i  and  possibly  Figure  4  are 
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examples.  The  same  shadows  might  be  given 
by  the  first  type  mentioned,  gumma  with 
peribronchitis,  if  the  process  had  continued 
far  enough. 

The  above  discussion  has  been  confined  to 
the  later  manifestations  of  syphilis.  The 
fact  that  there  may  be  pulmonary  signs  in 
the  secondary  stage  is  well  known.  Funk*  re- 
fers to  the  possibility  of  confusing  the  rales 
which  may  be  present  in  the  apices  in  pa- 
tients with  secondary  syphilis  with  those  of 
early  tuberculosis.  Dunham^^  describes  a 
case  with  luetic  mucous  lesions  of  the 
mouth,  which  showed  diminished  excursion 
of  the  diaphragm  on  the  right  side  and  pro- 
longed expiration  with  fine  dry  and  subcrep- 
itant  rales  in  the  right  upper  chest.  The 
plates  showed  nothing  abnormal.  The  phys- 
ical signs  cleared  up  after  one  dose  of  sal- 
varsan.  He  remarks  that  although  the 
"syphilitic  catarrh"  may  give  physical  signs 
which  minutely  simulate  those  of  early  tu- 
berculosis, it  leaves  no  record  on  the  .r-ray 
plate,  a  fact  of  some  importance  in  differen- 
tial diagnosis. 

Diagnosis. — The  diagnosis  must  depend 
on  all  the  facts  available  from  the  history, 
physical  examination  and  laboratory  find- 
ings. The  affinity  of  tuberculosis  for  the  up- 
per part  of  the  lungs  and  its  tendency  to  be 
bilateral  are  well  known.  Resolving  or  un- 
resolved pneumonia,  malignancy^^  and  mas- 
sive collapse  of  the  lung  of  traumatic  origin, 
must  be  borne  in  mind,  as  they  may  cast 
shadows  indistinguishable  from  those  of 
lung  syphilis.  A  case  was  recently  seen  in 
this  laboratory  which  showed  homogeneous 
dulness  throughout  the  left  chest  with 
marked  retraction  of  the  heart  to  that  side, 
suggesting  collapse  of  the  lung.  Syphilis  of 
the  lung  was  mentioned  as  a  possibility  to  be 
considered.  The  patient,  however,  had  a  his- 
tory of  trauma,  a  fall  from  a  wagon,  from 
which  his  symptoms  dated.  Re-examination 
a  few  days  later  showed  a  hydropneumo- 
thorax,  ruling  out  the  possibility  of  lung 
syphilis  and  favoring  massive  traumatic  col- 
lapse of  the  lung.^^  Dr.  Post^  mentions  a 
case   in    which   ,t'-rav    examination    showed 


one  whole  side  to  be  dull  and  which  at  au- 
topsy was  found  to  be  malignant.  The  roent- 
genologist will  certainly  be  of  great  service 
if  he  does  nothing  more  in  suspicious  cases 
than  to  direct  attention  to  the  possibility  of 
syphilitic  involvement  of  the  lungs. 

In  summary,  the  following  points  may  be 
worthy  of  mention.  When  syphilis  attacks 
the  lungs,  it  prefers  the  lower  part,  seldom 
involving  the  apex.  The  process  is  apt  to  be 
more  marked  around  the  hilus,  progressing 
from  this  part  of  the  lung  along  the  bronchi 
toward  the  periphery.  It  tends  to  develop 
unilaterally  and  may  completely  destroy  the 
function  of  one  lung,  involving  the  other 
comparatively  little  or  not  at  all.  It  involves 
the  pleura  extensively  and  causes  a  marked 
connective  tissue  reaction,  producing  radiat- 
ing or  stellate  scars  which  may  be  very  ex- 
tensive and  which  calcify  rarely.  Three  gen- 
eral types  of  roentgenogram  may  be  ex- 
pected, based  upon  three  ways  in  which  this 
condition  may  develop  pathologically: 

1.  Gummata  with  syphilitic  peribronchial 
infiltration. 

2.  Syphilitic  peribronchial  fibrosis. 

3.  Bronchostenosis  with  collapse  of  the 
lung,  resulting  from  syphilitic  ulceration  of 
a  bronchus. 

The  following  cases  are  appended  as  il- 
lustrative. Nos.  I  and  II  are,  from  the  clin- 
ical standpoint,  quite  certainly  syphilis  of  the 
lungs.  In  Case  III,  this  diagnosis  is  very 
probable,  but  the  patient  was  not  observed 
long  enough  to  make  it  certain. 

CASES 

Case  i  (Fig.  i).  M.  Female,  age  twenty- 
five  years.  Father  had  locomotor  ataxia. 
One  brother,  age  twenty-nine,  living  and 
well.  Three  sisters  born  next  died  in  early 
infancy.  Two  children  stillborn.  Tubercu- 
losis in  aunts  and  uncles  on  both  sides. 

Infantile  paralysis  at  six  affecting  the  left 
side.  Pneumonia  at  six.  Diphtheria  at  thir- 
teen. Has  been  in  a  hospital  four  times  for 
"chest  trouble,"  the  last  time  in  191 1.  Was 
a  patient  in  a  State  tuberculosis  hospital 
for  ten  months  in  1910-11.  A  report  from 
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that  institution  gives  the  following  facts: 
"Rough  breathing  and  a  few  rales  at  the 
tops  of  both  lungs.  Sputum  examination 
repeatedly  negative.  Temperature  96.8-99.4 
degrees.  Pulse  80-100.  Record  does  not  in- 
dicate any  material  change  in  physical  signs 
during  stay  in  hospital,  (iained  6  pounds 
in  weight  and  was  discharged  as  improved. 
No  .r-rav  was  taken."  In  191 2  patient  went 


Fig.  I.  Case  I.  Diffuse  dulness  throughout  the  left 
chest,  obHterating  the  outHnes  of  the  heart  and 
diaphragm.  Marked  retraction  of  the  heart  and 
mediastinal  contents  toward  the  affected  side.  The 
right  lung  field  is  clear.  Bronchostenosis  with  col- 
lapse of  the  left  lung.  This  case  was  reported  by 
Dr.  Abner  Post  in  1916.  A  comparison  of  this 
plate  with  the  one  pul)lished  at  that  time  shows 
no  change  in  the  appearance  of  the  chest. 


to  the  Eye  and  Ear  Infirmary  with  inter- 
stitial keratitis.  In  191 3  she  was  given  two 
injections  of  old  salvarsan  at  the  Boston 
Dispensary.  In  191 4  she  was  admitted  to 
the  Massachusetts  General  Hospital  com- 
plaining of  pain  in  the  left  hip.  Physical 
examination  at  that  time  gave  the  follow- 
ing facts:  Small,  deformed,  decidedlv  deaf. 
Ground-glass  appearance  to  cornea.  Pupils 
irregular  but  react  to  light  and  distance. 
Radiating  scars  at  corners  of  mouth.  Sca- 
phoid scapulae,  clavicles  short.  Left  chest 
smaller  than  the  right  with  little  respiratory 
motion.  Over  the  left  front  and  back  dulness 
and  increased  breath  and  voice  sounds.  Few^ 


dry    rales.    Over   left    back    a    marked    rub 
was  heard  synchronous  with  the  heart  beat. 
"Cracked  pot"  sound  at  the  left  base  behind. 
Heart:  Apex  was  felt  in  the  fifth  space  15 
cm.  to  the  left  of  midsternal  line.  Spleen  just 
palpable.   Peroneal  group  of  muscles  atro- 
phied on  the  left  leg.  Luetin  reaction  posi- 
tive.   Temperature    normal.    .Y-ray    report: 
"The   left   chest   is   dull  throughout,   more 
dense  at  base.   Heart  and  trachea  are  dis- 
placed to  the  left.  There  is  apparently  very 
little    sound    lung   tissue   on    the   left    side. 
Right    chest    negative.    Extensive    chronic 
[)rocess  involving  the  left  side  of  the  chest, 
probalily  not  tuberculosis,  may  be  syphilis." 
In    December,    1920,    she    reappeared    at 
the  Out-Patient  Department,  complaining  of 
cough  and  shortness  of  breath  on  exertion, 
and    was    admitted    to    the    Hospital.    She 
was  totally  blind  and  was  deaf  to  all  but 
the  loudest   sounds.    For  the  previous  two 
months  there  had  been  increasing  urinary 
frecjuency  and  some  incontinence.  Examina- 
tion of  the  chest  showed  signs  on  the  left 
side   about   as  in    191 4,   except  there   w^ere 
matiy  rales.  The  right  chest  showed  dulness 
above  the  second  rib,  and  diminished  breath 
sounds  throughout.  Apex  of  the  heart  w^as 
not     felt.     Blood     Pressure,     122-78.     No 
clubbed     fingers.     LTrine     negative.     White 
count,  14,000,  16,000.  Provocative  Wasser- 
mann  negative.    Spinal   fluid  negative.   Eye 
consultant:  " — Sure  that  the  eye  represents 
some   form  of   lues."   Ear  consultant:   " — 
Marked  ners^e  deafness.  Probably  specific." 
A'-rav,  December,  30,  1920:  "Appearance  is 
practically  the  same  as  described  in   1914. 
The  entire   left  side  is  dull.  Heart  and  medi- 
astinal contents  are  displaced  to  the  left.  Tra- 
chea can  be  seen  to  the  left  of  the  spinal  col- 
umn. The  appearance  is  that  of  an  extensive 
destructive  process  involving  the  left  lung. 
Lues   should   be   considered."    Temperature 
normal    except   on   two   occasions   when    it 
reached  100°.  Discharge  diagnosis:  Old  an- 
terior poliomyelitis.  Congenital  syphilis.  Fi- 
brosis left  lung,  (?)  syphilitic. 

Discussion. — This  case  was  the  second  of 
the  tw^o  reported  by  Dr.  Post  in  191 6.  A 
comparison  of  the  plate  taken  in  1920  with 
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the  one  made  in  191 4  and  pul)hshed  in  his 
article  shows  absolutely  no  change  in  the  ap- 
pearance of  the  chest.  It  represents  the  type 
which  we  believe  is  due  primarily  to 
bronchostenosis,  although  actual  syphilitic 
invasion  of  the  lung  may  be  associated.  Un- 
fortunately, data  as  to  antispecific  treatment 
is  not  at  hand.  Probably,  in  a  case  as  far  ad- 
vanced as  this  with  such  extensive  cicatriza- 


dary  syphilitic  lesions  of 
The  former  extended  to 
compelling  the  patient 
series  of  treatments  in 
ment.  The  latter  grad 
proto-iodide  of  mercur 
1908,  he  was  admitted 
hospital  complaining  of 
raising  about   a   pint  o 


the  mouth  and  skin, 
the  seminal  vesicles, 

to    undergo    a  long 

the  G.  U.  Depart- 
ually  responded  to 
y  pills  and  KI.  In 
to  the  wards  of  the 

a  severe  cough  and 
f   greenish   purulent 


Fig.  2.  Case  II  (1914).  Marked  thickening  and  irregular  coarse  beading  of  the  bronchial  shadows. 
Mottled  dulness  along  the  right  lung  margin.  Dense  shadows  about  the  right  hilus  extend- 
ing down  nearly  to  the  diaphragm.   Gummata  with  peribronchitis  at  a  relatively  early  stage. 


tion,  little  change  in  the  .r-ray  plate  would 
be  seen  as  the  result  of  antiluetic  medica- 
tion, although  clinical  improvement  might 
be  marked.  In  Dr.  Post's  first  case,  the  only 
change  in  the  picture  three  years  after  be- 
ginning treatment  was  a  diminution  in  dens- 
ity over  a  small  area  at  the  level  of  the  first 
interspace,  yet  this  patient  was  doing  his 
daily  work  and  was  "passing  among  his 
friends  as  a  healthy  man." 

Case  II  (Figs.  2  and  3).  G.  Male,  white, 
age  forty. 

Appeared  at  the  Out-Patient  Department 
in  1906,  with  a  Neisser  infection  and  secon- 


sputum  dail}'.  Three  months  and  one  month 
before  admission,  he  raised  a  wineglass ful 
of  dark  blood.  He  had  no  night-sweats  and 
said  that  he  felt  well.  Physical  examination 
of  the  chest  showed  slight  dulness,  dimin- 
ished breathing  and  voice  sounds  with  oc- 
casional crackling  rales  at  the  end  of  deep  in- 
spiration at  the  right  base  in  the  axilla  and 
behind.  Elsewhere  the  lungs  were  not  re- 
markable. The  sputum  during  his  stay  in  the 
Hospital  was  small  in  amount  and  showed 
no  tubercle  bacilli  or  elastic  fibrils.  Tuber- 
culin skin  test  was  positive.  His  temperature 
was  usually  normal.  Its  highest  point  was 
100.8  degrees.  There  was  no  daily  variation. 
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His  weight  was  138  pounds.  The  diagnosis 
on  discharge  was:  (  ?)  SyphiHs  of  the  hmg, 
(?)  Tuberculosis.  The  .I'-ray  report  on  the 
Out-Patient  record  is:  "Generally  negative. 
Apparently  something  in  both  apices.  Fusi- 
form swelling  of  the  left  clavicle."  This  re- 
port was  apparently  written  into  the  record 
from  memory  by  the  clinician  after  a  con- 
sultation over  the  plate  with  the  roentgenolo- 
gist, and  is  not  a  copy  of  the  words  dictated 
by  the  latter.    During  the   succeeding  year 


Fig.  3.  Case  II  (igig).  Dulness  over  entire  right 
chest,  most  dense  at  base,  obliterating  the  outlines 
of  the  diaphragm  and  the  right  border  of  the 
heart.  In  the  upper  part  of  the  dull  area  is  a 
coarse  mottled  appearance.  Heart  is  somewhat 
drawn  toward  the  affected  side.  On  the  left  the 
hilus  shadow  is  increased  in  density  and  there  is  a 
diffuse  peribronchial  fibrosis.  On  the  right,  gum- 
mata  with  perilironchitis  at  a  later  stage. 

after  discharge  the  patient  continued  to  take 
mercury  and  KI  by  mouth  until  a  slight 
stomatitis  developed.  On  one  occasion,  in 
1909,  his  temperature  was  99.7  degrees,  his 
weight  was  149  pounds  and  his  Wasser- 
mann  test  was  positive.  He  continued  to 
cough  and  raise  some  sputum  but  felt  quite 
well.  In  the  early  part  of  1910,  his  weight 
was  156  pounds,  a  gain  of  15  pounds  over 
the  weight  in  1908.  He  was  not  seen  in  the 
Out-Patient  Department  again  until  the 
middle  of  1914,  when  he  came  in  with  the 
story  that  he  had  spat  up  clear  blood  on 
three  days  of  the  preceding  week.  No  tu- 


bercle bacilli  were  found  in  the  sputum. 
.Y-ray  examination  of  the  chest  July  28, 
1 914,  disclosed:  "Peculiar  mottled  dulness 
which  appears  most  marked  along  lung  mar- 
gins and  is  scattered  over  the  right  chest  and 
apices.  Dense  shadow  about  right  hilus. 
Heart  shadow  is  a  little  enlarged  to  the 
right.  Picture  is  not  typical  of  tuberculosis. 
May  be  syphilis  of  lungs."  At  this  time  he  re- 
ceived three  doses  of  salvarsan.  The  Wasser- 
mann  was  negative.  During  the  next  month 
he  raised  more  bloody  sputum,  repeated  ex- 
amination of  which  showed  no  acid-fast  or- 
ganisms. Weight  139  pounds.  Temperature 
98.6°.  After  the  fall  of  1914,  he  was  not 
seen  again  until  his  second  admission  to  the 
Hospital  in  December,  1919.  During  this 
time  he  had  no  anti-syphilitic  treatment.  He 
had  felt  perfectly  well  until  in  October, 
1919,  when  he  was  seized  with  a  "terrible" 
pain  in  the  right  chest  just  below  the  nipple, 
worse  on  deep  inspiration.  It  was  diagnosed 
"broncho-pneumonia"  by  his  local  doctor. 
He  was  in  bed  ten  days.  For  some  time  he 
had  been  having  attacks  of  coughing  lasting 
one-half  to  one  hour  in  which  he  would 
raise  about  a  half  a  tumbler  of  thick  sputum, 
never  blood-tinged  or  odorous.  No  chills, 
fever,  or  night-sweats.  Physical  examina- 
tion of  the  chest  gave  the  following  facts: 
The  left  side  was  better  developed  below  the 
clavicle  than  the  right.  The  left  lung  was 
negative  except  for  some -compensatory  em- 
physema. The  right  chest  lagged  in  respira- 
tion. Below  the  third  interspace  in  front  and 
in  the  axilla  were  marked  dulness  and  a  con- 
siderable sense  of  resistance  with  diminished 
breathing  and  voice  sounds.  From  the  clav- 
icle to  the  third  interspace  whisper,  spoken 
voice  and  tactile  fremitus  were  increased, 
breathing  vesicular  and  a  few  fine  moist 
rales  on  inspiration.  The  right  back  showed 
some  dulness  at  apex  increasing  downward 
to  almost  flatness  at  base,  bronchial  breath- 
ing and  increased  whisper,  spoken  voice  and 
tactile  fremitus  down  the  midscapula,  below 
which  there  was  diminished  vesicular 
breathing.  On  cough,  considerable  medium 
moist  rales  were  heard  in  the  region  of  the 
spine  of  scapula,  none  at  apex  or  base.  Heart 
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examination  disclosed  nothing  remarkable. 
All  reflexes  were  negative.  The  chest  consult- 
ant said:  "Willing  to  rule  out  Tb.  .  .  .  Pul- 
monary lues  the  most  probable  diagnosis." 
Temperature  ioi.5°-ioo.5°.  Wassermann 
negative.  Sputum  v^as  repeated  negative  for 
tubercle  bacilli,  including  an  examination  by 
the  antiformin  method.  No  spirochetes  were 
found  in  the  sputum.  Urine  negative. 
Blood:  Hgb.  100  per  cent  (T).  White  count 
19,600.  Polys.  78  per  cent.  Lymphocytes  17 
per  cent.  Large  mononuclears  5  per  cent. 
Reds  normal.  X-ray  examination,  Decem- 
ber, 1919:  "Entire  right  chest  is  dull.  Dul- 
ness  most  dense  at  base,  and  outlines  of  the 
right  diaphragm  and  the  right  border  of  the 
heart  obliterated.  In  upper  part  of  dull  area 
there  is  a  coarse  mottled  appearance,  and 
there  is  a  suggestion  of  retraction  at  apex. 
Heart  is  slightly  drawn  to  the  affected  side. 
Left  lung  is  relatively  clear.  Appearance  is 
that  of  an  extensive  destructive  process  in  or 
collapse  of  right  lung  and  could  be  due  to 
syphilis."  Discharge  diagnosis,  syphilis  of 
lungs.  While  in  the  ward  he  received  one  in- 
jection of  diarsenol.  Upon  his  return  to  the 
Out-Patient  Department  he  stated  that  he 
felt  much  better.  For  a  couple  of  months  he 
continued  to  cough  and  again  raised  blood- 
streaked  sputum  in  which  repeated  examina- 
tions disclosed  no  acid-fast  bacilli.  During 
the  four  months  after  discharge  he  received 
five  injections  of  diarsenol  and  five  of  gray 
oil.  On  March  19,  1920,  his  weight  was  130 
pounds.  Temperature  98.4°.  He  has  not 
been  seen  since  April  1920. 

Discussion. — This,  in  brief,  is  a  case  ob- 
served over  a  period  of  approximately  four- 
teen years  following  the  appearance  of  sec- 
ondary syphilitic  lesions,  during  twelve  of 
which  he  complained  of  pulmonary  symp- 
toms with  occasional  hemoptysis.  Aside 
from  the  hemoptysis  he  presented  none  of 
the  symptoms  ordinarily  associated  with  a 
progressive  pulmonarv  tubercular  infection, 
such  as  weakness,  continued  afternoon  tem- 
perature, night-sweats  and  loss  of  weight. 
In  the  sputum,  examined  at  intervals  over  a 
period  of  twelve  years,  acid-fast  organisms 
were  never  demonstrated.   There  was  verv 


extensive  development  of  the  process  on  one 
side,  leaving  the  other  relatively  clear,  a 
condition  very  rarely  seen  in  tuberculosis. 
Malignancy  of  the  lung,  of  which  hemop- 
tysis may  be  an  early  symptom,  is  ruled  out 
by  the  fact  that  the  patient  was  alive  twelve 
years  following  the  first  appearance  of 
bloody  sputum.  The  patient  absented  him- 
self from  treatment  for  two  periods  of  four 
and  five  years  respectively,  returning  both 
times  because  of  renewed  pulmonary  symp- 
toms and  was  improved  both  times  by 
the  resumption  of  antisyphilitic  treatment. 
From  the  clinical  point  of  view,  the  diag- 
nosis of  syphilis  of  the  lung  certainly  seems 
reasonable. 

The  two  plates  in  this  case  represent  two 
stages  of  the  gumma-with-peribronchitis 
type  of  picture.  In  Figure  2  there  are  coarse 
bronchial  shadows  with  occasional  small  en- 
largements suggesting  peribronchial  gum- 
mata.  Around  the  right  hilus  is  the  shadow 
of  a  larger  gumma.  In  Figure  3  the  process 
has  progressed  markedly  on  the  right  side. 
There  has  been  extensive  involvement  of  the 
pleura,  cicatrization  and  retraction  of  the 
heart.  In  the  upper  part  of  the  right  lung 
field,  coarse  shadows  of  peribronchial  infil- 
tration and  peribronchial  gummata  are  seen. 
On  the  left  there  are  diffuse,  rather  fine 
peribronchial  shadows  suggesting  some  fi- 
brosis, but  the  lung  as  compared  with  the 
right  is  relatively  clear. 

Case  III  (Fig.  4).  W.  Female,  white. 
Age  forty-nine. 

Came  to  the  Out-Patient  Department  in 
October,  191 5,  with  a  series  of  ulcerating 
gummata  of  the  skin  of  the  right  forearm. 
The  Wassermann  was  strongly  positive. 
Two  months  later  she  complained  of 
marked  dyspnea  on  exertion  and  pain  in  the 
region  of  the  heart.  There  had  been  some 
cough  for  the  preceding  four  to  five  months 
with  scanty  white  sputum.  No  hemoptysis, 
fever,  night-sweats  or  loss  of  weight.  Physi- 
cal examination  disclosed  dulness  over  the 
left  side  of  the  chest  with  broncho-vesicular 
breathing  most  marked  in  the  axilla.  Dry 
rales  at  the  apex.  Some  moist  rales  on  the 
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right  side.  The  apex  of  the  heart  was  felt 
4  cm.  outside  the  nipple.  No  murmurs  were 
heard.  Sent  to  .i--ray  with  a  question  of  syph- 
ilis of  the  lungs  or  tuberculosis.  A'-ray  ex- 
amination Feb.  II.  1916:  "Left  chest  is  dull 
throughout.  Heart  is  displaced  to  the  left. 
Right    lung    shows    a    diffuse 


thickening, 


Fig.  4.  Case  III.  Left  chest  is  dull  throughout,  oblit- 
erating^ the  outlines  of  the  diaphragm  and  left 
border  of  the  heart.  Marked  retraction  of  the 
heart  toward  the  affected  side.  Probable  syphilitic 
bronchostenosis  with  collapse  of  the  left  lung.  On 
the  right  there  is  diffuse  peribronchial  fibrosis, 
more  marked  in  the  lower  than  in  the  upper  part 
of  the  lung. 

otherwise  negative.  Picture  is  very  suggest- 
ive of  syphilis  of  the  lung."  The  patient, 
who  had  been  started  on  mercury  and  KI, 
did  not  return  to  the  hospital  after  this  date. 
Thus  far  attempts  to  trace  her  have  been 
unavailing. 

Discussion. — This  is  a  case  of  tertiary 
syphilis  with  shortness  of  breath  on  exer- 
tion and  cardialgia,  without  symptoms 
which  ordinarily  accompany  chronic  pul- 
monary disease,  as  fever,  night-sweats  or 
loss  of  weight,  pointing  rather  to  the  heart 
than  to  the  lungs.   Examination,  however, 


disclosed  a  practically  functionless  left  lung 
and  a  diffuse  fibrosis  of  the  right.  A  tuber- 
cular involvement  of  that  extent  would 
in  the  great  majority  of  cases  have  shown 
more  on  the  right  side  and  would  have  given 
some  symptoms.  A  malignant  involvement 
of  that  extent  would  probably  have  caused 
some  loss  of  weight  and  other  clinical  evi- 
dences of  malignancy.  The  diagnosis,  of 
course,  cannot  be  made  definitely,  but  cer- 
tainly pulmonary  syphilis  is  strongly  sug- 
gested. The  plate  shows  two  processes.  On 
the  left  there  is  probably  bronchostenosis 
with  collapse  of  the  lung.  On  the  right  there 
is  a  diffuse  rather  fine  peribronchial  fibrosis. 

The  writer  washes  to  express  his  appreci- 
ation of  and  gratitude  for  the  kind  counsel 
of  his  chief,  Dr.  Cieorge  W.  Holmes. 
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FRACTURES  OF  THE  PELVIS^ 

By  C.  C  GRANDY,  m.d. 


FORT    WAYXE,    INDIANA 


T  WAS  prompted  to  look  up  fractures  of 
-'■  the  pelvis  because  we  have  four  cases  in 
the  hospital  now. 

Fractures  of  the  pelvis  are  acquired  by 
direct  violence  or  force,  such  as  railroad 
and  automobile  accidents  and  falling  from 
heights.  They  are  usually  classified  as  minor 
and  major  fractures. 


S}mptoms  depend  on  the  kind  of  fracture, 
whether  it  is  minor  or  major,  and  what  por- 
tion of  the  pelvis  it  involves.  Owing  to  the 
peculiar  shape  of  the  pelvis  and  the  many 
different  muscles  attached  to  it,  it  is  hard  to 
mention  all  the  symptoms.  But  symptoms  are 
not  reliable,  as  one  of  the  patients  was  able 
to  walk  into  the  laborator}-,  and  it  was  only 


Fig.   I.  Case   i.   Male,  age   forty,  fell  down  elevator      Fig.  2.  Case  2.  Male,  age  twenty-seven.   Fracture  of 
shaft,  four  stories.  Fracture  of  pubes.  He  had  no  pubes,  both  sides.  He  came  walking  into  the  hos- 

complications  of  any  sort.  pital.    Had  no   complications   of   any   sort. 


Minor  fractures  are  those  that  involve: 
(i)  Upper  expanded  portion  of  the  ilium. 

(2)  Rim  of  acetabulum. 

(3)  Ischial  tuberosity. 

(4)  Coccyx  and  tip  of  sacrum. 
Major  fractures  are: 

(i)  Separation  of  the  symphysis  pubis. 

(2)  Fracture  of  the  pubic  and  ischiopubic 
rami. 

(3)  Fracture  in  the  region  of  the  acetabu- 
lum. 

(4)  Separation  of  the  sacroiliac  joint. 

(5)  Transverse  fracture  of  the  sacrum,  or 
that  portion  of  the  pelvis  that  enters  into  the 
pelvic  girdle. 


because  the  insurance  company  asked  for  a 
roentgen  examination  of  the  pelvis  that  the 
fracture  was  found.  Minor  fractures  are 
usually  without  complications  while  major 
fractures  are  frequently  complicated. 

The  complications  of  fractures  of  the  pel- 
vis are  only  a  few,  but  they  are  very  serious, 
depending  upon  the  location  of  the  fracture. 
The  most  common  complications  are: 

( I )  Ruptures  of  the  membranous  urethra. 
.     (2)  Laceration — bladder. 

(3)  Injury  to  large  blood  vessels. 

(4)  Injury  to  sacrococcygeal  nerves. 
Rupture  of  membranous  urethra  is  due  to 

a  tear  in  the  triangular  ligament.  Rupture  of 
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the  bladder  and  injury  to  the  blood  vessels, 
especially    the    external    iliac    arteries,    are 


Fig.  3.  Case  3.  Female,  age  thirty-eight.  She  was 
thrown  from  a  motor  and  struck  on  her  hip,  frac- 
turing both  pubes ;   had   no   complications. 


orrhage  and  shock  from  a  lacerated  external 
iliac  artery  with  a  dissecting  extravasation 
of  blood  under  the  entire  peritoneum. 

A  point  that  I  want  to  bring  out  in  these 
few  illustrations  is  that  one  cannot  tell  from 
the  roentgenograms  whether  the  membran- 
ous urethra  or  bladder  has  been  injured, 
and  if  at  all  suspicious  one  should  advise  the 
passing  of  the  catheter. 

Case  i.  Male,  age  forty,  fell  down  an  ele- 
vator shaft  a  distance  of  four  stories.  Sus- 
tained a  fracture  of  the  symphysis,  a  frac- 
ture through  the  right  sacroiliac  joint  and  a 
fracture  of  the  lower  third  of  both  bones  in 
both  legs.  He  had  no  complications  with  his 
pelvic  fractures. 

Case  2.  Male,  age  twenty-seven,  fell  from 
a  bridge  two  weeks  before  this  examination 
w^as  made  and  walked  into  the  hospital.  He 
has  a  fracture  of  the  ascending  and  descend- 
ing rami  of  pubes.  No  complictions. 


Fig.  4.  Case  4.  Fireman  thrown  from  tire  truck. 
Fracture  through  pubes  and  S3mphysis,  ruptured 
urethra  and  multiple  abscesses. 


Fig.  5.  Case  5.  Female,  age  twenty-eight,  hurt  in 
interurban  wreck.  Fracture  of  both  sides  of  pubes. 
This  happened  to  be  complicated  by  a  urinary 
abscess. 


usually  due  to  some  sharp  spicules  of  bone. 
Out  of  the  series  of  seven  cases  there  were 
three  with  ruptured  urethra  and  one  with 
laceration  of  bladder,  and  all  of  them  devel- 
oped urinary  abscesses.  One  died  from  hem- 


Case  3.  Female,  age  thirt3'-eight.  She  was 
thrown  from  a  sleigh  and  struck  her  hips. 
Fractured  both  ascending  and  descending 
rami  on  both  sides  of  the  pubes.  There  were 
no  complications. 
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Case  4.  Male,  age  forty-eight,  fireman. 
He  was  thrown  from  a  fire  truck  while  turn- 
ing a  corner  and  sustained  a  fracture  through 
the  symphysis  and  the  left  sacroiliac  joint. 
Complicating  this  was  a  rupture  of  the  mem- 
branous urethra  with  many  pockets  of  extra- 
vasated  urine  scattered  throughout  the  per- 
ineum and  down  both  thighs. 


Fig.  6.  Case  6.  Woman  struck  by  an  automobile. 
Fractured  both  sides  of  the  symphysis.  Died  three 
hours  later. 


Case  5.  Female,  age  twenty-eight.  This 
patient  was  in  an  interurban  wreck  and  frac- 
tured both  the  ascending  and  descending 
rami  of  the  pubes.  She  has  a  rupture  of  the 
urethra  and  many  urinary  abscesses ;  one 
abscess  was  opened  in  the  popliteal  space. 

Case  6.  Female,  age  fifty.  This  patient 
was  struck  by  an  automobile  and  had  a  frac- 
ture of  both  sides  of  the  symphysis.  She  was 
very  profoundly  shocked  when  brought  into 
the  hospital  and  died  three  hours  later. 

Postmortem  revealed  that  the  left  deep 
epigastric  artery  was  torn  with  a  large  hem- 


orrhage which  had  dissected  underneath  the 
peritoneum  almost  all  the  way  around  the 
abdomen  and  up  to  the  diaphragm. 

Case  7.  Female,  age  seven.  This  little  girl 
was  struck  by  an  automobile  and  sustained  a 
fracture  of  the  symphysis  and  the  wing  of 
the    ilium    through    the    acetabulum.     She 


Fig.  7.  Case  7.  Little  girl  struck  liy  automobile. 
Fracture  of  symphysis,  wing  of  ilium  through 
acetabulum. 

passed  a  small  amount  of  blood  in  the  urine 
the  first  twenty-four  hours  but  this  cleared 
up  and  there  were  no  other  com[)lications. 

Discussion. — Most  of  the  cases  that  were 
complicated  came  into  the  hospital  several 
days  after  their  injury.  The  urinary  ab- 
scesses were  drained  and  a  catheter  passed 
from  below,  if  possible;  if  not,  we  would 
operate  through  the  perineum  and  pick  up 
the  torn  ends  of  the  urethra  and  unite  them 
around  a  retention  catheter  and  wait  until  a 
new  urethra  had  formed. 


TWO  CASES  OF  LYMPHATIC  DISEASE  IN  THE  SAME 
FAMILY,  WITH  ROENTGEN  FINDINGS* 


By  CHARLES  M.  RICHARDS,  m.d. 

SAN   JOSE,  CALIFORNIA 


'  I  ''HE  justification  for  reporting  these 
-■■  two  cases  at  this  time  Hes  not  so  much 
in  the  intrinsic  interest  of  each  case  sepa- 
rately, though  indeed  this  was  not  small,  but 
in  the  occurrence  of  two  supposedly  allied 
conditions  in  the  same  family.  The  rarity  of 
this  occurrence  may  well  place  it  in  the  cate- 
gory of  coincidence.  On  the  other  hand,  it 
may  be  of  some  interest  and  value  to  the 
clinician  who  is  trying  to  work  out  a  logical 
interrelationship  between  the  various  lym- 
phatic new  growths,  particularly  in  respect 
to  their  etiology.  Very  little  of  the  available 
literature  makes  mention  of  the  occurrence 
of  these  allied  conditions  in  families,  and 
then  only  to  mention  its  rarity. 

From  the  roentgenological  standpoint, 
they  are  of  interest,  particularly  the  latter 
case,  as  illustrating  the  value  of  the  new 
diagnostic  procedure  of  peritoneal  inflation. 

Case  I.  The  first  case  came  under  my  no- 
tice in  April,  191 5,  being  referred  by  Dr.  J. 
I.  Beattie  for  roentgen  examination  of  the 
chest  of  a  young  woman  about  sixteen  years 
of  age,  whose  previous  history  had  been  neg- 
ative except  for  the  fact  that  one  year  pre- 
vious to  this  time  she  had  had  an  enlarge- 
ment  of  the  anterior  cervical  glands,  which 
was  diagnosed  as  tubercular  adenitis.  She 
was  given  a  course  of  tuberculin  treatment, 
and  while  the  glands  subsided  somewhat, 
they  did  not  entirely  disappear,  and  were  still 
present  when  the  patient  was  seen  at  this 
time.  About  three  months  previous  to  this 
examination  she  had  begun  to  suffer  with 
marked  dispnea,  which  had  been  constantly 
increasing,  attended  by  a  persistent  cough. 
She  had  also  begun  to  complain  of  a  severe 
pain  of  an  anginal  character  in  the  chest 
which  radiated  into  the  back  and  into  the 
arms,  particularly  the  left.  There  were  oc- 
casional chills,  with  a  moderate  rise  in  tem- 


perature and  rapid  pulse.  The  patient  was 
first  seen  for  this  complaint  about  April  8, 
191 5,  and  was  seen  by  Dr.  N.  H.  Bullock  in 
consultation  a  few  days  later.  At  this  exam- 
ination she  was  found  to  be  running  a  slight 
temperature,  around  101°,  with  distinct  evi- 
dence of  consolidation  in  the  mediastinum 
and  left  upper  thorax,  and  signs  of  fluid  in 
the  left  chest.  The  left  chest  was  aspirated 


Fig.   I.   Case  I.  Alcdiastinal  lymphosarcoma. 

and  sixteen  ounces  of  bloody  serum  with- 
drawn. This  was  examined  for  tubercle  ba- 
cilli, which  were  not  found.  The  patient 
grew  gradually  worse;  pain,  dyspnea  and 
cough  becoming  very  severe,  and  she  lost 
ground  rapidh-.  She  was  removed  to  the  Col- 
umbia Hospital,  and  a  roentgen  examina- 
tion was  made  which  revealed  a  large  medi- 
astinal tumor  extending  well  up  into  the  left 
upper  chest  and  also  less  extensively  beyond 
the  right  root  region. 

Here  a  confusing  element  entered,  for  a 
blood  count  had  revealed  a  leukocytosis  of 
about  24,000,  with  a  large  percentage  of 
polvnuclears.  On  the  strength  of  this  blood 
count  a  diagnosis  was  made  of  a  probable 
mediastinal  abscess.  Dr.  Emmet  Rixford,  of 
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San  Francisco,  saw  the  case  in  consultation, 
and  on  April  26  he  and  Dr.  Beattie  operated, 
and  came  upon  a  large  solid  tumor  mass 
within  the  left  chest  which  was  diagnosed 
clinically  as  lymphosarcoma,  and  the  patho- 
logical examination  of  a  small  gland  re- 
moved at  the  time  confirmed  the  diagnosis. 
The  patient  failed  rapidly  and  died  on  May 

I  St. 

Case  II.  A  Bohemian,  age  seventy-five,  a 
merchant,  was  admitted  to  the  Santa  Clara 
County  Hospital  about  January  20,  1920. 
The  family  history  was  negative  except  that 
a  daughter  had  died  of  a  "tumor  in  the 
chest"  about  five  years  before.  The  past  his- 
tory was  negative.  The  present  illness  began 
about  nine  months  ago,  when  he  said  he 
strained  himself  lifting  a  heavy  object,  and 
injured  the  left  ribs.  There  followed  pain  in 
the  lower  left  ribs  and  lumbar  region.  This 
improved  and  grew  worse  at  times.  Four 
weeks  previously  he  spat  up  some  blood 
and  now  has  occasional  epistaxis.  Since  the 
strain,  as  he  called  it,  he  has  not  been  en- 
tirely free  from  pain  in  his  left  side,  and  has 
considerable  dyspnea  on  slight  exertion. 
Physical  examination  revealed  an  anemic  old 
man,  somewhat  emaciated.  Pupils  equal  and 
reacted  to  light  and  accommodation.  The  cer- 
vical glands  were  all  enlarged. 

The  blood-vessels  of  the  neck  and  upper 
thorax  were  distended.  There  was  an  ex- 
treme tenderness  from  the  ninth  to  the 
eleventh  ribs  in  the  left  axillary  region;  the 
same  less  marked  on  the  right  side.  There 
was  bulging  of  the  costal  angle  on  the  left, 
and  the  entire  left  chest  appeared  more 
prominent  than  the  right,  and  lagged  on  res- 
piration. The  breath  sounds  were  harsh  all 
over  the  chest  with  a  few  friction  sounds  at 
the  left  base.  Heart  examination  was  nega- 
tive. There  was  slight  arteriosclerosis. 

The  examination  of  the  abdomen  revealed 
the  liver  palpable  at  the  costal  margin  and 
in  the  epigastrium.  The  border  of  the  spleen 
was  felt  as  a  firm  sharp  edge  reaching  almost 
down  to  the  umbilicus.  The  lower  abdomen 
was  distended  apparently  by  a  full  bladder, 
and  the  superficial  veins  were  also  enlarged. 


The  back  was  held  rigid  when  he  moved  and 
there  was  some  scoliosis.  The  knee  jerks 
were  slightly  increased. 

Several  examinations  of  the  urine  revealed 
occasional  presence  of  considerable  amount 
of  blood.  Blood  examination  of  January  25th 
showed:  hemoglobin  65  per  cent,  red  cells 
3,984,000,  white  cells  142,600,  of  which  97 
per  cent  were  lymphocytes.  On  February 
17th  the  hemoglobin  was  50  per  cent,  the  red 


Fig.  2.   Case  II.   Lymphatic   leukemia. 

cells  3,256,000,  white  cells  112,000,  of  which 
95  per  cent  were  lymphocytes.  On  April  1 7th 
the  blood  showed:  hemoglobin  60  per  cent, 
red  cells  2,816,000,  white  cells  41,400,  of 
which  96  per  cent  were  lymphocytes.  The 
Wassermann  reaction  was  negative. 

On  January  24th  I  made  a  roentgen  ex- 
amination of  the  chest  and  inflated  the  peri- 
toneum with  oxygen  after  the  method  of 
Stewart  and  Stein.  The  chest  showed  a  dense 
infiltration  of  the  glands  of  both  roots,  with 
lymphatic  extension  in  all  directions  from 
the  roots  into  both  chests.  The  abdomen 
showed  an  immensely  enlarged  spleen,  the 
notch  being  plainly  visible  in  the  roentgeno- 
gram, and  in  the  liver  shadow  several  denser 
areas  which  were  taken  to  be  patches  of 
lymphatic  tissue  within  the  liver. 

An  interesting  feature  in  this  case  was  the 
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decided  improvement  in  symptoms  and  in  the 
blood  picture,  following  the  oxygen  injec- 
tion. So  much  better  did  the  patient  feel  that 
he  insisted  upon  a  repetition  of  the  procedure 
about  a  week  later.  This  phenomenon  has 
been  observed  by  other  authors  in  certain 
blood  diseases.  The  chief  observation  to  be 
made  on  these  two  cases  is  in  reference  to 
the  interrelationship  of  the  two  diseases 
with  the  addition  of  the  third  member  of  the 
group,  lymphadenoma  or  Hodgkin's  disease. 


The  occurrence  of  these  two  lymphatic  over- 
growths in  a  single  family  would  perhaps 
suggest  a  little  closer  relationship  even  than 
has  been  supposed  to  exist,  and  if  the  pre- 
sentation of  these  two  cases  has  added  a 
morsel  of  evidence  for  those  clinicians  who 
are  interested  in  this  work  the  justification 
for  their  publication  is  ample. 

I  am  indebted  to  Drs.  Beattie  and  Bullock 
and  to  Dr.  D.  R.  Wilson  for  the  clinical 
notes  on  these  cases. 


GASTROCOLIC  FISTULA* 

With  a  Report  of  a  Case 
By  L.   B.  GROESCHEL,  m.d. 

Roentgenologist,    New   York    Diagnostic    Clinics 

NEW    YORK    CITY 


/GASTROCOLIC  fistula  is  not  a  rare 
^^  condition,  but  that  it  is  infrequently 
diagnosed  is  evidenced  by  the  lack  of  cases 
reported  in  the  literature.  Burnham,  in  an 
excellent  article  on  this  subject,  reports  two 
cases,  and  in  a  review  of  the  literature  states 
that  Zweig  found  but  70  cases  reported, 
only  1 1  of  which  had  been  diagnosed  during 
life.  Voorhoeve  found  105  reported  up  to 
1 91 2.  Single  cases  have  been  reported  by 
various  others.  It  is  thus  noted  that  the 
clinical  diagnosis  of  this  condition  is  not 
common. 

In  the  case  I  am  reporting  the  diagnosis 
was  made  by  the  roentgen  ray  following  the 
injection  of  a  barium-mucilage-of-acacia 
enema  and  demonstrated  both  by  the  fluoro- 
scope  and  the  plate.  The  patient,  male,  age 
forty-eight,  was  referred  by  Dr.  Harry 
Goldman. 

Family  History. —  Married  twenty-one 
years,  three  children,  wife  in  good  health, 
otherwise  negative. 

Past  History. — Typhoid  at  sixteen  years ; 
sick  six  weeks. 

Present  History. — For  the  past  eighteen 
years  patient  has  been  having  trouble  with 
his    stomach ;    indigestion,    heartburn,    pain 


two  hours  p.c,  constipation  and  headache. 
Pain  at  first  was  in  epigastrium,  and  then 
throughout  the  entire  abdomen.  This  con- 
tinued for  a  long  time  without  improvement 
until  nine  years  ago,  when  he  had  his  ap- 
pendix removed  and  gall-bladder  drained. 
No  stones  were  found.  In  191 2  a  second 
operation  was  performed.  A  gastro-enter- 
ostomy  was  done  and  gall-bladder  removed. 
No  ulcer  of  the  stomach  or  duodenum  was 
found.  For  one  year  the  patient  felt  relieved 
as  to  his  pain,  but  soon  afterward  the  same 
trouble  began  again,  except  that  the  pain 
became  localized  in  the  gall-bladder  area, 
radiating  towards  the  back  and  right  shoul- 
der. The  patient  formerly  had  an  attack  once 
every  few  months,  but  lately  has  had  at- 
tacks about  every  two  weeks,  such  attacks 
lasting  three  or  four  days  and  accompanied 
by  sharp  pains,  belching,  nausea  (but  no 
vomiting)  and  headache.  He  noticed  that 
for  two  or  three  days  following  the  stools 
were  completely  white  and  the  urine  quite 
dark.  Stools  were  not  fatty  and  only  oc- 
casionally were  they  bulky.  During  the  last 
two  years  the  patient  has  been  accustomed 
to  wash  his  stomach  after  an  attack  with 
considerable  relief.  He  sleeps  well,  but  lately 
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is  awakened  by  pain  and  obtains  relief  by  a 
hot  water  bag  and  a  change  of  position.  He 
has  lost  twelve  pounds  in  the  last  two  years. 
A  test  meal  consisting  of  two  slices  of 
bread  and  a  glass  of  water  one  and  a 
half  hours  p.c.  showed  the  following: 

Examination  by  Dr.  Kunstler 

Amount  received 80  c.c. 

Color brown 

Odor fecal 

Mucus 2   plus 

Occult  blood o 


Undigested  muscle   fibers       .     .     .     few 

Pus   cells o 

Blood  cells o 

Fat marked  amount 

Parasites o 

Ova o 

Remarks     .     .     Many  fatty  acid  crystals 

Urinalysis  was  practically  negative.  No 
bile  was  noted.  Indican  was  normal.  Albu- 
min and  sugar  were  negative. 

The  gastro-enterological  report  (Dr. 
Kunstler)  is  as  follows:  "Gastro-entero- 
los^ical  examination  reveals  a  verv  marked 


Fig.  I.  October  30,  1919.  After  colon  enema.  Stomach  Fig.  2.  October  30,  1919.  After  colon  enema.  Stomach 
beginning  to  fill.  partly  filled. 

Free  HCl 70  hyperacidity  with  a  gastric  retention  and  a 

Total  acidity 100  regurgitation  of  feces.  The  case  appears  to 

Starch  cells Few  be  one  of   obstruction  of  the  colon  or  an 

Pus o  opening  from  the   stomach  into  the  colon, 

B^ood       o  possibly    from    an    old    operative    interfer- 

Boas-Oppler o  ence  " 

JNecrotic  tissue       •••••.••  Roentgen  examination  was  conducted  on 

Remarks      ....     Feces  m  contents  /-^  .>.  u  o-i  .■     . 

October  30,  191 9.  The  patient  was  given  a 

barium-buttermilk  meal  of  sixteen  ounces  in 

Examination  of  Feces  (Dr.   Tiirck)  the    erect    position    and    fluoroscoped.    The 

stomach  filled  normally.  Peristalsis  was  very 

^  ,  r-       ■  \       u-i-^  active.  The  antrum  and  first  portion  of  the 

Color Grayish  white  ,        ■   u.     r  .uu 

Consistencv thin  duodenum  lay  four  inches  to  the  right  of  the 

Reaction  '     *  faintlv  acid  median  line  and  adherent  to  the  under  sur- 

Bilg verv  faint  trace  f^ce   of  the  liver.   No  defect  in  the  lesser 

0,ccult  blood     ....     very  faint  trace  curvature    was    noted.    The    duodenal    cap 

Mucus o  filled  normally  without  defect  and  was  fixed 

Undigested  vegetable  fibers    .     .     .     few  by  adhesions. 
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On  the  posterior  wall  near  the  middle  line 
of  the  antrum  and  about  one  inch  from  the 
border  of  the  greater  curvature  there  was 


istration.  The  rectum,  sigmoid,  descending 
and  transverse  colon  filled  normally,  but  the 
ascending  colon  and  cecum  ballooned  out  to 


Fig. 


3.    October    30,    1919.    Lateral    mow 
gastro-enterostomy. 


showing      Fig. 


4.    October   30,    1919.    Amerior-poslerior   view, 
showing  gastro-enterostomv. 


noted  a  large,  patent  gastro-enterostomy 
opening  through  which  the  meal  was  pass- 
ing rapidly.  Just  below  the  gut  widened  into 
a  large  pouch-like  dilatation  holding  ap- 
proximately four  ounces.  Anteriorly  to  the 
gastro-enterostomy  opening  (as  noted  in  the 
lateral  position)  and  extending  along  the 
greater  curvature  for  several  inches  the  gas- 
tric wall  assumed  a  moth-eaten  appearance. 

Six-hour  examination  showed  a  slight 
residue  of  about  an  ounce  in  the  stomach 
and  the  remaining  portion  of  the  meal  in  the 
terminal  ileum  and  ascending  colon.  Twen- 
ty-four-hour examination  showed  the  stom- 
ach and  small  intestines  empty.  A  slight 
amount  of  the  meal  had  been  evacuated  and 
the  remainder  filled  the  colon.  The  hepatic 
flexure  lay  in  a  normal  position  but  was 
fixed  by  adhesions.  The  transverse  colon 
passed,  transversely,  across  the  abdomen 
from  just  above  the  crest  of  the  right  ilium 
to  the  splenic  flexure  which  was  in  a  normal 
position.  No  fistulous  tract  was  noted. 

A  barium  colon  enema  was  then  given 
(after  a  preliminary  cleansing  enema)  and 
observed  fiuoroscopically  during  the  admin- 


FiG.    5.    October    30,    1919.    Anterior-posterior   view, 
showing   gastro-enterostomy. 


practically  twice  the  size.  At  the  same  time 
a  quantity  of  the  barium  mixture  was  ob- 
served spreading  out  through  the  gastric 
area   and    assuming   the   gastric   shape   and 
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appearance  of  rugae.  A  plate  was  made  im- 
mediately which  confirmed  this  observation. 
The  opening  from  the  colon  to  the  stomach 


6.    October   31,    1919.    Twenty-four   hour   plate. 


Three  days  later,  after  a  thorough  ca- 
tharsis and  preliminary  cleansing  enema,  the 
barium  enema  was  repeated  with  the  same 
result,  with  the  exception  that  the  gastric 
area  filled  more  fully  in  the  region  of  the 
splenic  flexure.  A  diagnosis  of  gastrocolic 
fistula  was  made. 

SUBSEQUENT    REPORT 

Several  weeks  after  this  examination  the 
]jatient  went  to  the  Mayo  Clinic  for  con- 
firmation and  observation.  During  this  time 
he  had  no  recurrence  of  his  gastric  symp- 
toms. He  felt  exceptionally  well  and  gained 
a  pound  and  a  half.  He  was  rayed  there 
twice  at  intervals  of  about  a  week,  and  no 
abnormal  condition  was  found  (Report  of 
Dr.  Eustermann). 

The  patient  returned  to  New  York  City 
and  felt  very  well  until  about  the  last  week 
in  February,  1920,  when  he  had  a  sudden 
fainting  spell  one  evening,  followed  by  a 
return   of   all   previously   noted   symptoms. 


Fig.   7.    March   4,    1920.    Ten   minutes    after   barium 
enema.  Small  amount  of  mixture  in  stomach. 

could  not  be  made  out.  The  barium  now  in 
the  stomach  was  a  few  minutes  later  noted 
passing  out  again  through  the  gastro-enter- 
ostomy  opening. 


Fig.  8.  March  4,  1920.  Fifteen  minutes  after  barium 
enema.  Stomach  filled.  Second  half  of  transverse 
colon   and  ascending  colon  empty. 

He  was  returned  to  me  for  radiograph- 
ic examination.  The  report  at  this  time 
(March  4,  1920)  is  as  follows: 
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"The  patient's  colon  (l)arium  enema) 
shows,  under  the  fluoroscopic  examination 
during  the  administration,  the  mixture  pass- 
ing freely  throughout  without  obstruction 
and  filling  out  the  hepatic  flexure,  ascending 
colon  and  cecum.  Observation  over  a  period 
of  five  minutes  did  not  show  any  of  the 
barium  mixture  passing  into  the  stomach. 
Five  minutes  later  a  plate  was  made  to  il- 
lustrate this  condition,  and  developed  im- 
mediately, when  it  was  noted  that  there  was 
a  constriction  about  the  middle  of  the  colon 
opposite  the  site  of  the  gastro-enterostomy 
opening  and  that  there  was  a  small  amount 


of  bismuth  in  the  stomach.  The  ileocecal' 
valve  was  competent  and  there  was  no  re- 
gurgitation of  the  barium  mixture  back- 
ward through  this  opening,  excluding  the 
possibility  of  the  enema  passing  backward 
through  the  small  intestines.  There  was 
noted  a  small  amount  of  the  mixture  pass- 
ing from  the  stomach  through  the  gastro- 
enterostomy opening.  Five  minutes  later  a 
second  plate  was  made  which  showed  the 
ascending  colon  and  the  first  half  of  the 
transverse  colon,  up  to  previously  noted  con- 
striction, empty,  and  the  stomach  filled  with 
barium  mixture." 


THE  ROENTGEN  RAY  TREATMENT  OF  THE 
ECZEMA  GROUP 

By   F.  J.   EICHENLAUB,   m.d. 

Instructor  in  Dermatology  and   Syphilology,  Georgetown  University  Medical  School,  and 
Howard  University  Medical  School 

WASHINGTON,    D.  C. 


''"T^HIS  study  is  an  effort  to  obtain  statis- 
■*■  tically  the  approximate  efficiency  of 
the  roentgen  ray  in  the  treatment  of  the 
class  of  dermatoses  which  in  the  past  we 
have  called  eczema. 

One  hundred  cases  falling  under  this  gen- 
eral category  were  selected  from  the  files 
in  the  office  of  Dr.  H.  H.  Hazen  and  myself, 
the  only  consideration  being  that  the  chief 
reliance  in  treatment  had  been  the  .f-ray  and 
that  the  cases,  all  private,  were  followed 
sufficiently  long  to  draw  conclusions.  Nine 
of  these  cases  were  clear-cut  neuroderma- 
titis, recently  reviewed  by  Wise.^  In  all  of 
these  nine  a  clear  history  of  mental  stress 
had  preceded  the  outbreak.  In  several  there 
had  been  a  number  of  attacks  following 
mental  stress.  All  presented  typical  lichenifi- 
cations  at  the  flexors  of  the  elbows  and 
knees,  back  of  the  neck,  etc.  This  is  an  un- 
doubted clinical  entity,  but  in  the  past  it  has 
been  called  eczema,  and  is  still  so  regarded 

^WiSE.   Jour.   Cut.  Dis.,  1919,  xxxvii,  590. 
^See  discussion  of  Wise's  paper. 


by  many  men."  The  other  91  cases  ranged 
from  small  patches  of  dermatitis  on  the 
hands  due  to  external  irritation  to  extensive 
cases  of  generalized  eczema,  probably  chief- 
ly due  to  internal  factors — soap  dermatitis, 
primrose  dermatitis,  irritation  from  various 
trades,  urticarial  eczema,  .etc. 

Treatment  consisted  in  the  administration 
of  approximately  one-half  H  skin  units 
every  two  weeks  over  all  affected  areas. 
Our  technique  was  4  milliamperes,  7^  inch 
spark  gap,  9  inch  focal  skin  distance,  35 
seconds  for  each  application.  In  exceptional 
cases  slightly  smaller  doses  were  adminis- 
tered every  ten  days.  The  number  of  treat- 
ments required  to  clear  up  the  condition 
varied  greatly,  and  had  little  relation  to  the 
duration  of  the  disease  in  many  cases.  A 
patch  that  had  been  present  only  a  few 
weeks  might  require  many  months  to  cure, 
recurrence  occurring  time  after  time  when 
the  disease  seemed  conquered ;  while  others 
that  had  been  present  for  years  cleared  up 
with  two  or  three  applications  of  the  ray. 
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The  cause,  whether  internal  or  external, 
played  little  part  in  the  result  of  treatment. 
In  general,  the  results  were  better  with 
jf-ray  treatments  than  by  any  previously 
known  method  of  attack,  and  while  no  effort 
is  made  to  check  the  results  in  this  study  by 
comparison  with  cases  not  .f-rayed,  this  fact 
was  easily  demonstrated  many  times.  Fre- 
quently, to  convince  the  patient  or  ourselves 
as  to  the  effectiveness  of  the  ray  in  a  given 
case,  we  have  treated  only  a  part  of  the  af- 
fected skin  with  the  ;r-ray.  Ten  days  later 
our  patient  has  returned  with  the  part  so 
treated  from  50  to  100  per  cent  better  than 
the  parts  treated  by  other  methods  of  in- 
ternal or  external  dosage  with  drugs.  In  this 
series  of  100  cases  the  average  number  of 
treatments  per  case  was  about  three. 


Number 

of 

Cases 

Average 
number  of 
treatments 

Average 

duration 

of  disease 

Average 

time  to 

cure 

Failures 

100 

2.93 

135-50 
weeks 

7.64 
weeks 

4 

The  duration  and  time  to  cure  is  stated  in  weeks 
to  facilitate  comparison. 

The  duration  of  the  attack  varied  from 
two  weeks  to  twenty  years.  In  many  of  the 
cases  where  a  long  duration  is  noted  there 
were  periods  of  complete  or  partial  freedom 
from  the  disease.  For  the  most  part,  how- 
ever, the  patients  were  never  entirely  free. 
One  case,  for  instance,  a  trade  dermatitis, 
had  been  present  for  ten  years  or  more  with- 
out a  single  interval  of  freedom  and  without 
ever  having  been  affected  by  treatment  to  any 
extent.  After  six  .I'-ray  applications  he  has 
been  entirely  free  for  over  a  year,  although 
he  has  pursued  his  occupation  of  hospital 
orderly,  and  has  not  changed  his  mode  of 
life  in  any  way.  This  is  unusual,  however. 
We  have  generally  depended  on  the  .r-ray  to 


cure  the  patient.  Recurrence  has  been  pre- 
vented by  finding  the  cause,  and  stopping  it 
if  possible. 

A  case  is  considered  cured  when  objective 
symptoms  have  entirely  disappeared  for  sev- 
eral months,  and  have  failed  to  reappear 
within  the  usual  time  of  recurrence  for  that 
particular  case  when  more  than  one  attack 
had  been  present.  In  estimating  the  time  to 
effect  this  cure  and  the  number  of  treat- 
ments given,  the  entire  period,  including  re- 
lapses, in  which  the  patient  was  under  our 
care  was  included.  This  acts  as  a  balance  to 
the  duration  w^here  this  term  included  a 
number  of  attacks  with  periods  of  freedom. 
The  average  time  to  cure,  within  the  mean- 
ing of  that  word  as  here  defined,  was  ap- 
proximately two  months. 

Out  of  100  cases  there  were  4  per  cent 
failures.  We  considered  cases  as  failures 
which  did  not  respond  at  all  or  were  only 
partially  benefited.  There  were  onlv  four 
cases,  therefore,  which  did  not  entirely  clear 
up  under  treatment.  In  two  of  these  we 
failed  entirely,  the  other  two  received  only 
temporary  benefit.  This  percentage  of  cures 
is  probably  higher  than  actually  obtained,  as 
a  few  cases  were  not  included  in  the  study 
which  disappeared  after  the  first  visit,  be- 
cause, perhaps,  they  became  discouraged  at 
not  getting  immediate  results.  We  cannot 
say  whether  or  not  they  could  have  been 
cured. 

CONCLUSIONS 

1.  One  hundred  cases  of  eczema  with  an 
average  duration  of  over  two  years  took  an 
average  of  two  months  and  three  treat- 
ments to  cure. 

2.  Four  per  cent  of  the  cases  were  fail- 
ures. 

3.  The  superiority  of  the  .r-ray  over  other 
forms  of  treatment  is  believed  to  be  demon- 
strated for  this  group,  and  its  routine  use 
justified. 


SOME  REMARKS  ON  THE  PRESENT  I  STATUS  OF 
X^RAY  THERAPEUTICS* 

By  GEORGE  W.  HOLMES,   m.d. 
Roentgenologist  of  Massachusetts  General  Hospital;  Instructor  of  Roentgenology,  Harvard  Medical  School 

BOSTON,    MASSACHUSETTS 


O  OENTGENOLOGY  and  radiothera- 
-*-^  peutics  are  comparatively  recent  terms 
in  medicine.  There  are  members  of  this  So- 
ciety present  who  have  been  active  workers 
in  and  contributors  to  this  science  since  its 
very  beginning.  It  is,  therefore,  unnecessary 
for  me — even  if  it  were  possible  in  the  time 
at  my  disposal — to  attempt  anything  like  a 
review  of  the  literature,  or  to  call  to  your 
attention  the  names  of  those  men  whose 
work  has  placed  this  method  of  treatment  on 
its  present  sound  basis. 

I  shall,  therefore,  confine  my  remarks  to  a 
brief  outline  of  the  steps  in  advance  which 
seem  to  me  most  important,  and  to  a  dis- 
cussion of  the  principles  underlying  the  suc- 
cessful treatment  of  disease  by  the  roentgen 
ray,  particularly  of  the  results  obtained  in 
this  coufitry. 

In  a  review  of  this  subject,  one  is  of  ne- 
cessity impressed  with  the  failure  to  increase 
to  any  great  extent  the  number  of  cures  ob- 
tained over  those  of  ten  or  twelve  years  ago, 
although  during  this  period  great  improve- 
ment has  been  made  in  the  apparatus  placed 
at  our  disposal,  and  although  in  the  fields  of 
physics  and  biology  discoveries  of  far-reach- 
ing importance  have  been  made. 

During  this  period  the  attitude  of  the  gen- 
eral medical  profession  towards  our  specialty 
has  shown  a  great  change  for  the  better. 
Ten  years  ago  skepticism  was  the  rule ;  now 
we  are  receiving  the  benefits  of  the  careful 
work  done  and  the  conservative  attitude 
taken  by  the  early  teachers,  and  opportunity 
for  work  in  this  field  is  almost  unlimited. 

In  1907,  the  American  Roentgen  Ray 
Society  published  in  book  form  the  proceed- 
ings of  their  annual  meeting  held  in  Cincin- 
nati. Papers  were  read  at  this  meeting  bv 
Pfahler,  Pancoast,  Johnston,  Williams  and 
others,  giving  the  results  obtained  and  the 


technicjue  used  in  the  treatment  of  carcin- 
oma, sarcoma — the  so-called  blood  disease, 
and  the  disease  of  the  ductless  gland.  The 
results  which  were  recorded  in  their  papers 
compare  quite  favorably  with  those  being 
obtained  to-day,  nor  has  there  been  any 
great  change  in  the  method  of  application, 
other  than  that  which  would  naturally  come 
with  improvement  of  apparatus. 

Why  has  the  radiotherapeutist  failed  to 
keep  step  with  his  co-workers,  the  physicist 
and  the  biologist  ?  Surely  it  is  not  because  of 
lack  of  material,  but  rather,  I  think,  because 
those  men  who  from  their  knowledge  and 
experience  could  have  advanced  the  science 
have  been  overwhelmed  with  routine  work, 
and  have  not  been  able  to  surround  them- 
selves with  student  workers  who  could  carry 
out  their  ideas,  as  have  the  advanced  workers 
in  other  fields. 

That  the  Society  as  a  whole  is  alive  to  this 
condition  is  shown  by  its  action  at  the  meet- 
ing in  ]\Iinneapolis  this  year,  when  it  was 
voted  to  establish  the  Caldwell  lecture  and 
the  Leonard  prize  fund  for  original  research. 
It  is  because  of  the  absaice  of  the  purely 
research  workers  in  our  large  clinical  labora- 
tories, I  believe,  that  we  have  not  advanced 
as  rapidly  as  our  colleagues.  If  the  next  ten 
years  are  not  to  be  a  repetition  of  the  past, 
some  individual  effort  must  be  made  to  rem- 
edy this  evil. 

Almost  from  the  beginning,  original  re- 
search in  this  field  has  been  directed  along 
four  distinct  lines: 

1.  Method  to  determine  the  amount  of 
radiation  used. 

2.  Method  for  determining  the  quality  of 
radiation,  and  the  selection  of  different  quali- 
ties for  different  diseases  and  conditions. 

3.  The  effect  of  radiation  upon  normal 
and  pathological  tissue. 
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4.  The  effect  of  treatment  upon  the  indi- 
vidual as  a  whole  and  his  reaction  to  it. 

Let  us  consider  briefly  what  has  been  ac- 
complished under  these  four  headings. 

Method  to  Determine  the  Amount  of  Ra- 
dation  Used. — The  measure  of  dosage  has 
been  determined  with  considerable  success 
in  two  ways : 

(i)  The  direct,  by  measurement  of  the 
amount  of  radiation  reaching  the  tissues  be- 
ing treated. 

(2)  The  indirect,  by  measurement  of  the 
amount  of  electrical  energy  supplied  to  the 
tube,  and  from  this  computing  the  amount 
of  energy  in  the  form  of  radiation  coming 
from  it. 

The  pastille,  first  introduced  by  Sobround, 
and  later  elaborated  by  Holzknecht  and 
Hampson,  is  an  example  of  the  first  method, 
and  for  a  considerable  time  it  was  the  most 
accurate  method  available.  There  are  diffi- 
culties in  their  use,  however; 

( 1 )  They  depend  upon  a  color  change, 
and  this  change  is  very  slight.  Errors  of  as 
much  as  50  per  cent  may  result  from  this 
source  alone. 

(2)  Their  rate  of  change  varies  with  dif- 
ferent qualities  of  radiation,  long  waves  af- 
fecting them  to  a  relatively  greater  extent 
than  short  ones. 

(3)  They  deteriorate  and  become  inac- 
curate unless  kept  in  an  atmosphere  contain- 
ing the  proper  amount  of  moisture.  Even  in 
the  hands  of  the  most  careful  and  well 
trained  men,  it  is  probable  that  errors  of  20 
to  50  per  cent  occur. 

Kienboeck  substituted  strips  of  photo- 
graphic paper  for  the  pastille.  This  elimin- 
ated the  errors  due  to  changes  in  the  quali- 
ty of  rays  used,  but  is  a  cumbersome  and 
difficult  method,  and  was  never  very  popular 
in  this  country. 

The  indirect  method  of  measurement  is 
largely  an  American  achievement  and  was 
made  possible  by  the  development  of  the 
interrupterless  type  of  transformer  by  Snook 
and  the  hot  cathode  tube  by  Coolidge,  even 
before  the  introduction  of  the  Coolidge  tube. 

Sewell  Cabot  developed  an  interrupterless 
transformer  with  which  it  was  possible  to 


estimate  with  considerable  accuracy  the  ra- 
diation from  a  gas  tube;  and  in  1914,  I  pub- 
lished in  the  Journal  of  this  Society  a  table 
of  do.sage  based  on  the  amount  of  electrical 
energy  supplied  to  the  tube  when  using  a 
Cabot  machine. 

The  Coolidge  tulje  has  greatly  simplified 
this  method  of  measurement,  and  the  work 
of  MacKee,  Shearer  and  others  has  caused 
the  indirect  method  to  be  generally  adopted 
throughout  America.  It  has  the  advantage  of 
convenience,  and  is  probably  more  accurate 
than  pastille  or  paper,  but  is  by  no  means  en- 
tirely satisfactory.  The  table  of  dosage  used 
with  one  machine  cannot  always  be  used 
with  another,  particularly  if  the  wave  form 
is  different.  The  voltage  is  still  a  difficult 
factor  to  determine,  and  the  amount  of  ra- 
diant energy  coming  from  a  tube  does  not 
depend  entirely  upon  the  amount  of  electrical 
energy  supplied  to  it. 

A  method  of  direct  measurement  which 
has  not  yet  come  into  general  use,  but  which 
seems  to  offer  considerable  promise,  is  the 
ionization  chamber  adapted  for  practical 
work.  With  this  instrument  it  is  possible  to 
measure  with  considerable  accuracy  not  only 
the  amount  of  radiation  reaching  the  part 
being  treated,  but  by  placing  a  second  cham- 
ber below,  the  amount  actually  absorbed  can 
be  measured. 

Method  for  Determining  the  Quality  of 
Radiation,  and  the  Selection  of  Different 
Qualities  for  Different  Diseases  and  Condi- 
tions.— Although  it  has  been  shown  experi- 
mentally, at  least,  that  the  effect  of  radia- 
tion does  not  depend  upon  kind,  but  upon 
quantity  of  rays  absorbed,  it  is  still  necessary 
to  use  rays  of  a  certain  quality  to  obtain 
the  maximum  effect  at  different  levels  below 
the  surface. 

Many  of  the  early  writers  recommend  the 
use  of  the  "hard  tube"  in  the  treatment  of 
deep-seated  lesions,  and  in  1905,  Pf abler 
adopted  the  use  of  filters  to  shut  out  the  soft 
rays. 

The  more  recent  work  of  the  Braggs  has 
made  it  possible  to  analyze  .r-radiation,  and 
to  formulate  laws  governing  their  produc- 
tion and  absorption.  But  as  yet  no  practical 
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method  has  been  devised  for  using  rays  of  a 
single  wave  length  in  the  treatment  of  dis- 
ease. Until  this  can  be  done,  some  of  us  vv^ho 
have  seen  metastatic  nodules  in  the  skin 
which  persisted  through  a  full  course  of 
treatment  with  filtered  radiation  disappear 
rapidly  when  unfiltered  rays  were  used,  will 
doubt  the  statement  that  quantity  and  not 
quality  is  of  supreme  importance. 

There  is  a  tendency  at  the  present  time  to 
use  rays  of  shorter  and  shorter  wave  length, 
and  it  is  quite  possible  that  we  are  reaching 
a  point  where  the  rays  used  may  pass  to  a 
large  extent  through  the  diseased  tissue  and 
produce  unnecessary  injurious  effects  upon 
the  underlying  organs.  The  very  short  wave 
lengths  have  been  used  in  an  effort  to  save 
the  overlying  tissues ;  perhaps  more  reliance 
should  be  placed  upon  cross  firing  and  upon 
increasing  the  target  skin  distance.  The  value 
of  distance  in  equalizing  the  dose  throughout 
a  given  mass  of  tissue  is  well  known  and  is 
explained  by  the  inverse  square  law. 

During  the  past  year  I  have  used  a  i6  inch 
target  skin  distance  where  I  was  especially 
anxious  ^to  avoid  an  erythema  or  where  the 
mass  treated  was  unduly  large  or  deep,  and 
I  am  sure  that  my  results  have  been  better 
than  wuth  the  standard  8  inch  distance.  The 
Huntington  Hospital  of  Boston  is  planning 
to  use  a  24  inch  distance.  I  am  aware  that 
there  is  nothing  new  in  this  suggestion,  but 
I  believe  that  it  is  not  sufficiently  well  recog- 
nized in  this  country. 

TJie  Effect  of  Radiation  upon  Normal  and 
Pathological  Tissue. — Dr.  Robert  B.  Green- 
ough,  in  July  of  this  year,  read  a  paper  be- 
fore the  International  Society  of  Surgeons, 
in  which  he  discusses  at  considerable  length 
the  biological  and  therapeutic  effects  to  be 
expected  from  treatment  with  .I'-rays  or  ra- 
dium. He  sums  up  the  present  knowledge  of 
this  subject  as  follows: 

1.  Living  tissue  may  be  destroyed  en 
masse. 

2.  Growth  may  be  temporarily  inhibited. 

3.  Rapidity  of  growth  may  be  stimulated. 

4.  The  manner  of  growth  mav  be  modi- 
fied. 

And  he  further  states  that  in  the  terms  of 


these  four  phenomena,  we  must  consider  the 
action  of  radiation  in  the  treatment  of  dis- 


ease. 


There  seems  to  be  ample  support  for 
Greenough's  conclusions.  His  statements  are 
based  on  the  results  of  laboratory  experi- 
ments conducted  by  physicists  and  biologists, 
both  in  this  country  and  abroad.  They  are 
also  borne  out  to  a  considerable  extent  by 
clinical  observations.  He  believes  that  in  the 
treatment  of  malignant  disease,  in  order  to 
produce  a  cure,  all  of  the  malignant  tissue 
must  be  destroyed,  and  that  mass  destruc- 
tion is  the  only  way  to  bring  about  this" 
result. 

\i  we  grant  this  hypothesis,  there  can  be 
very  little  if  any  possible  advantage  in  treat- 
ment by  radiation  over  that  of  surgery,  a 
possible  exception  being  those  superficial  le- 
sions occurring  in  positions  where  scar  for- 
mation is  to  be  avoided. 

There  is,  however,  I  believe,  an  equally 
good  theory,  namely,  that  malignant  disease 
may  be  destroyed  by  stimulation  of  the  con- 
nective tissue  around  it,  in  this  way  shutting 
off  its  blood  supply  and  arresting  develop- 
ment. Nearly  every  pathologist  who  has 
studied  the  effect  of  radiation  has  noted  that 
connective  tissue  changes  are  the  earliest  to 
appear,  and  that  they  are  a  characteristic 
finding  in  tissue  which  has  been  under  pro- 
longed radiation. 

Dr.  Wolbach  of  the  Harvard  Medical 
School  is  an  advocate  of  this  theory.  Dr. 
Martin,  working  with  Dr.  Wolbach,  made 
some  experiments  on  rabbits  which  to  some 
extent  confirmed  this  theory. 

Another  possibility  of  the  cause  of  cell  de- 
struction by  radiation  is  that  some  antibody 
or  ferment  is  produced  in  the  blood  or  tissues 
which  has  a  destructive  or  inhibiting  action 
on  tumor  cells.  Dr.  Crane  suggested  such 
a  possibility  in  1907,  and  there  is  a  large 
amount  of  experimental  and  clinical  data 
which  seems  to  confirm  such  a  theory. 

That  radiation  is  capable  of  inhibiting 
growth  can  be  demonstrated  by  observing  its 
effect  upon  individual  cells. 

Ha  mononuclear  organism,  such  as  Para- 
mecium, be  exposed  to  a  sufficient  amount  of 


Present  Status  of  X-Ray  Therapeutics 


525 


;r-radiation,  cell  division  ceases;  but  if  the 
dose  is  not  sufficient  to  kill  the  organism,  and 
the  animal  is  not  exposed  to  repeated  doses, 
it  will  soon  begin  to  divide  and  the  rate  of 
division  will  be  considerably  increased,  so 
that  in  a  short  period  of  time  the  rayed  ani- 
mal will  have  divided  as  many  times  as  an 
unexposed  organism  used  as  a  control. 

This  power  of  inhibiting  cell  division  and 
of  maintaining  it  for  considerable  periods  of 
time,  is  of  practical  importance  to  us  in 
treatment,  particularly  in  treating  a  glandu- 
lar disease,  such  as  hyperthyroidism.  It  may 
not  be  necessary  to  destroy  with  massive 
doses  the  structure  of  the  thyroid  gland,  but 
by  giving  a  relatively  small  dose  at  rather 
frequent  intervals,  we  may  inhibit  its  func- 
tion and  maintain  it  until  the  vicious  circle 
has  been  broken  and  the  individual  recovers 
from  the  disease.  In  the  treatment  of  deep- 
seated  malignant  disease,  where  it  is  not  pos- 
sible to  destroy  all  of  the  pathological  tissue, 
radiation  should  be  sufficienth'  frequent  to 
maintain  this  inhibiting  power. 

Modification  of  Cell  Grozutli  by  Radiation. 
— In  addition  to  its  destructive,  inhibiting 
and  stimulating  powers,  the  action  of  radia- 
tion on  organisms  tends  to  modify  and  influ- 
ence its  growth.  Irregularities  take  place,  and 
changes  in  the  shape  and  characteristics  of 
the  cells  have  been  noted.  When  frog's  eggs 
are  rayed,  monstrosities  will  appear  among 
the  tadpoles.  This  has  also  been  demon- 
strated when  using  the  eggs  of  fowls.  When 
pregnant  guinea  pigs  and  rabbits  are  sub- 
jected to  heavy  raying,  similar  monstrosities 
have  been  produced.  Recently  a  case  was 
reported  in  which  an  abnormality  of  this 
kind  appeared  in  the  human  fetus,  where  the 
mother  had  been  treated  for  fibroids.  At- 
temps  to  stimulate  normal  cells  by  radiation 
until  they  take  on  malignant  form  has,  how- 
ever, so  far  been  unsuccessful.  In  applying 
radiation  should  be  sufficiently  frequent  to 
therefore  justified  in  hoping  that  the  modi- 
fication will  be  a  beneficial  one. 

The  Effect  of  Treatment  upon  the  Indi- 
lidual  as  a  Whole,  and  His  Reaction  to  it. — 
That  prolonged  or  extensive  radiation  may 
have  a  profound  effect  upon  the  individual 


as  a  whole  is  well  known,  perhaps  the  most 
striking  evidence  being  the  so-called  treat- 
ment sickness,  the  exact  cause  of  which  is 
unknown.  One  of  the  early  theories  advanced 
was  that  this  sickness  was  caused  by  inhala- 
tion of  gases  produced  by  the  high  potential 
discharge.  Pfahler  was  able  to  diminish 
somewhat  the  amount  of  sickness  occurring 
in  his  patients  by  better  ventilation  in  the 
treatment  room,  but  this  theory  does  not 
fully  account  for  the  condition,  as  similar 
symptoms  have  occurred  after  heavy  expos- 
ure to  radium.  Lang  suggested  the  possibility 
of  acidosis  and  recommended  the  use  of 
sodium  bicarbonate.  More  recent  studies  of 
the  blood,  particularly  of  the  blood  nitrogen, 
indicate  that  the  acidity  is  somewhat  raised 
after  radiation,  and  that  this  is  due  to  an 
increase  in  the  hydrogen  ion  content.  Much 
more  work  will  be  necessary  before  one  can 
make  any  definite  statements  as  to  the  cause 
of  treatment  sickness.  Probably  there  are 
several  factors  entering  into  it,  the  most 
active  of  which  is  due  to  some  obscure 
change  in  the  blood. 

Other  evidence  which  we  have  of  the  gen- 
eral effect  of  radiation-  is  the  improvement 
in  the  general  well-being  of  the  patient.  This 
is  apparently  brought  about  to  a  considerable 
extent  bv  an  increase  of  metabolism.  That 
the  metabolic  rate  is  increased  has  been 
shown  by  studies  on  individual  cells  and  by 
basal-metabolism  tests  of  individuals  under- 
going treatment. 

Other  evidence  which  should  not.  perhaps, 
be  classed  as  affecting  the  organism  as  a 
whole,  but  in  which  the  effect  is  not  entirely 
local,  are  such  findings  as  the  disappearance 
of  glands  at  a  distance  from  the  part  rayed, 
a  frequent  occurrence  in  Hodgkin's  disease. 
Knox  observes  that  patients  with  malignant 
disease  who  have  a  fairly  good  color  index 
respond  much  better  to  radiation  than  those 
in  whom  the  red  count  is  low,  and  he  attrib- 
utes this  to  the  better  opportunity  for  the 
production  of  secondary  radiation  from  the 
hemoglobin  in  the  blood  in  cases  with  a  high 
or  normal  red  count. 

Smith  and  Clapps  have  injected  the  blood 
of  a  patient  suffering  from  leukemia  who 
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had  previously  derived  benefit  from  .i"-ray 
treatment  into  unrayed  patients  suffering 
from  the  same  disease.  This  procedure  pro- 
duced a  decided  drop  in  the  white  count  in 
the  blood  of  the  patients  so  treated,  whereas 
the  injection  of  normal  blood  or  blood  from 
untreated  leukemia  patients  caused  a  raise  in 
the  count. 

In  a  recent  discussion  of  this  subject  with 
Dr.  George  Minot  he  stated  that  he  had  ob- 
served that  the  glutinating  properties  of  the 
blood  are  diminished  after  radiation,  that  is, 
the  blood  of  patients  who  have  had  typhoid 
fever  loses  to  a  considerable  extent  its  power 
of  causing  clumping  of  the  typhoid  bacillus. 
A  theory  has  been  advanced  that  the  ac- 
tivity of  radiation  on  tissues  is  due  to  the 
action  of  enzymes,  and  that  the  ionization  of 
the  tissues  by  changing  the  acidity  of  the 
tissue  juices  stimulates  or  depresses  these 
enzymes.  The  literature  on  this  subject 
was  carefully  reviewed,  and  some  additional 
original  work  presented  by  Richards  in 
1914. 

All  this  data,  which  has  been  accumulated 
in  the  laboratories,  is  of  importance  in  the 
treatment  of  the  patients  who  come  to  us  for 
relief,  particularly  that  group  which  consti- 
tutes the  greater  number — those  suffering 
from  malignant  disease,  and  we  must  not 
rely  entirely  upon  any  one  method  or  theory. 
Once  a  malignant  growth  has  metasta- 
sized, permanent  cure  is  not  to  be  expected 
by  any  means.  Surgical  statistics  do  not  give 
us  any  great  hope,  particularly  if  we  exclude 
those  cases  with  enlarged  glands  of  inflam- 
matory origin.  In  my  personal  observations 
I  have  been  disappointed  with  the  results  of 
postoperative  and  pre-operative  raying.  I 
have  seen  very  rapid  recurrence  take  place, 
even  recurring  in  the  skin  of  patients  who 
were  at  the  time  being  subjected  to  heavy 
roentgen  therapy. 

When  a  patient  suffering  from  malignant 
disease  presents  himself  at  the  clinic,  he 
should  be  considered  in  the  following  man- 
ner: 

I.  Is  there  any  evidence  that  the  disease 
has  metastasized?  If  not,  complete  removal 
by  surgery  should  be  undertaken  at  once  with 


every  hope  for  permanent  cure.  If  metastasis 
has  taken  place,  we  must  decide  whether  we 
are  going  to  attempt  a  complete  cure  or 
wdiether  our  treatment  shall  be  palliative.  If 
we  decide  that  there  is  hope  of  a  complete 
cure,  surgery  is  still  probably  the  method  of 
choice,  but  I  believe  that  where  extensive 
dissections  are  required,  the  results  will  be 
disappointing.  If  surgery  is  not  attempted, 
then  we  may  treat  with  .r-ray  or  radium  or 
both,  and  here  again  two  methods  are  open 
to  us. 

2.  Shall  we  attempt  a  complete  destruction 
of  the  malignant  cells  regardless  of  the  pain 
and  discomfort  which  we  are  likely  to  cause 
the  patient,  even  continuing  the  dose  to  a 
point  which  brings  on  actual  sickness,  or 
shall  we  confine  ourselves  to  a  dose  which 
will  not  produce  painful  erythema,  keeping 
the  number  of  areas  so  limited  that  the 
patient's  natural  resistance  will  not  be  de- 
stroyed by  repeated  attacks  of  sickness,  and 
using  a  ray  of  not  too  great  penetration,  with 
a  distance  sufficiently  great  to  warrant  an 
even  distribution  through  the  part  being 
rayed  ? 

In  this  way  we  may  hope  to  inhibit  the 
growth  of  the  malignant  cells,  and  at  the 
same  time  stimulate  the  production  of  a  lim- 
iting envelope  of  connective  tissue. 

When  one  considers  the  extremely  small 
number  of  cures  of  malignant  tumors  by  any 
method  after  metastasis  -has  taken  place,  I 
believe  the  latter  procedure  is  more  rational. 
In  this  way  life  is  prolonged  and  made  com- 
fortable. The  superficial  lesions — such  as  the 
large  ulcers — are  avoided,  and  death  occurs 
usually  from  deep  metastasis. 

Recently  we  have  had  a  small  group  of 
cases  of  carcinoma  of  the  breast  in  which 
there  was  evidence  of  metastasis,  glands  be- 
ing palpable  in  the  axilla  and  above  the  clav- 
icle. For  this  or  other  reasons  they  were  not 
operated  on,  but  were  subjected  to  .r-ray 
treatment  alone.  These  cases  have  certainly 
done  much  better  than  similar  cases  operated 
upon  and  followed  by  radiation. 

I  cannot  but  feel  that  the  operation  in 
some  way  breaks  down  the  natural  resistance 
of  the  patient,  and  interferes  with  the  wall- 
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ing-off  process  which  is  the  result  of  con- 
nective tissue  stimulation. 

In  the  treatment  of  non-malignant  disease 
it  is  cjuite  possible  that  it  is  not  necessary  to 
attempt  cell  destruction,  but  that  a  dose  suffi- 
cient to  inhibit  cell  activity  maintained  over 
a  considerable  period  of  time  is  all  that  is 
necessary  or  required. 

Waters  in  his  experiments  on  dogs  and 
rabbits  was  unable  to  produce  any  definite 
changes  in  the  thyroid  gland  unless  the  dose 
was  sufficiently  large  to  produce  permanent 
injuries  to  the  skin. 

My  own  observations  in  the  treatment  of 
hyperthyroidism  rather  confirm  this  idea.  I 
have  yet  to  see  a  case  of  myxedema  proved 
positively  to  be  due  to  A'-ray  treatment.  Cases 
have  occurred  while  under  radiation,  but 
myxedema  is  a  fairly  common  end  resultant 
in  hyperthyroidism. 

A  small  group  of  cases  which  suddenly 
dropped  to  below  normal  under  treatment 
have  since  returned  to  normal,  suggesting 
that  their  symptoms  were  due  to  inhibited 
glandular  function  rather  than  destructive. 
A  case  of  malignant  thyroid,  who  has  had 
heavy  radiation  off  and  on  since  1913,  has  a 
metabolism  to-day  which  is  only  ten  points 
below  normal.  The  average  radiologist  doing 
fluoroscopic  work  has  his  thyroid  region  ex- 
posed to  a  considerable  amount  of  radiation 


of  a  short  wave  length.  If  the  amount  re- 
ceived is  very  small  it  should  produce  stimu- 
lation. If  it  is  sufficiently  large  it  should  de- 
stroy the  gland.  With  this  idea  in  mind,  I 
recently  had  my  own  metabolism  done,  and 
it  was  a  few  points  below  normal.  Apparent- 
ly the  amount  of  radiation  which  I  have  re- 
ceived has  had  no  stimulating  effect  upon 
the  thyroid  gland.  It  would  be  interesting,  I 
think,  if  other  radiologists  would  have  this 
simple  test  made. 

In  closing,  I  again  wish  to  call  your  at- 
tention to  the  necessity  of  developing  a  group 
of  clinical  workers  in  our  large  .r-ray  lab- 
oratories, and  to  the  importance  of  better 
cooperation  with  the  internist  and  surgeon. 
What  little  success  we  have  had  in  the  treat- 
ment of  goiter  at  the  Massachusetts  Gen- 
eral Hospital  has  been  due,  I  am  sure,  to  a 
very  large  extent,  to  the  good  cooperation 
which  we  have  had  with  the  clinical  labora- 
tories, the  internists  and  the  surgeons. 

The  cases  have  been  very  carefully  se- 
lected. The  progress  of  the  treatment  has 
been  followed  by  all  available  means,  and  no 
therapeutic  measure  which  would  be  of  bene- 
fit to  the  patient,  such  as  rest  and  sedative 
drugs,  has  been  neglected.  What  is  true  in 
the  treatment  of  goiter  is  equally  true  in  the 
other  diseases  which  we  are  called  upon  to 
treat. 
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'  I  "*  HE  question  of  the  reduction  of  radio- 
-*■  graphic  exposure  to  the  lowest  amount 
possible  is  one  of  the  utmost  importance  to 
all  roentgenologists.  Progress  in  this  direc- 
tion has  for  many  years  past  been  achieved 
almost  entirely  by  increasing  the  power  of 
the  unit  supplying  the  high  tension  discharge 
and  by  the  improvement  of  the  .r-ray  tube. 
Some  advance  has  been  effected  by  improve- 
ment of  intensifying  screens,  by  the  use  of 
which  excellent  radiographs  can  now  be  ob- 
tained, with  a  ratio  of  reduction  in  exposure 
of  one-fifth  to  one-tenth  according  to  the 
subject. 

In  spite  of  the  fact  that  sufficiently  power- 
ful apparatus  is  in  existence  to  permit  of  ex- 
posures of  a  fraction  of  a  second  on  any 
medical  subject,  the  demand  for  still  further 
rapidity  on  the  part  of  the  .t'-ray  plate  is  as 
insistent  as  ever,  not  only  to  reduce  the 
period  of  exposure,  but  to  enable  the  distance 
between  the  .r-ray  tube  and  the  plate  to  be 
increased  in  order  to  obtain  better  definition. 

If  the  various  measures  taken  to  effect 
reduction  of  exposure  be  considered,  it  is 
somewhat  remarkable  that  for  many  years 
past  the  speed  of  the  plates  employed  for 
radiography  has  remained  practically  con- 
stant. It  would  almost  appear,  indeed,  that 
with  the  present  type  of  plate  a  limit  has 
been  reached. 

In  view  of  this  fact,  that  the  speeds  of 
all  plates  produced  by  various  manufacturers 
of  the  highest  repute  are  about  the  same,  it 
does  not  appear  to  be  likely  that  experiments 
upon  the  ordinary  lines  of  plate  manufacture 
would  lead  to  a  considerable  reduction  in  the 
exposure    required.    A    trifling    increase    in 


speed  might  possibly  be  attained,  but  a  con- 
siderable multiplication  could  not  reasonably 
be  expected. 

For  these  reasons,  it  was  thought  best  to 
consider  the  production  of  a  plate  upon  en- 
tirely new  lines,  and  the  question  of  the  pro- 
duction of  a  plate  and  intensifying  screen  in 
one  soon  presented  itself  as  a  possible  solu- 
tion. We  had  been  aware  for  a  long  time  that 
the  normal  reduction  of  exposure  effected  by 
an  intensifying  screen,  say  lo-i,  was  by  no 
means  the  limit  attainable  with  the  plates 
available  and  with  the  type  of  calcium  tung- 
state  used  for  the  production  of  intensifying 
screens.  For  example,  if  the  salt  were  coated 
on  the  screen  with  just  sufficient  emulsion 
to  retain  it  on  the  backing,  an  increase  of 
speed  of  15-1  could  be  obtained  (as  com- 
pared to  the  usual  lo-i).  Such  a  screen 
would  be  useless  in  practice  as  the  surface  is 
too  fragile.  This  observation  served,  how- 
ever, as  an  indication,  and  it  might  reason- 
ably be  expected  that  a  still  closer  contact 
between  the  fluorescent  substance  and  the 
sensitive  film  might  well  lead  to  a  consider- 
able further  increase  in  the  efficiency  of  the 
salt  as  a  means  of  reducing  exposures. 

The  fluorescent  material  might  be  mixed 
in  with  the  emulsion  before  coating.  This 
method  would  not,  however,  be  likely  to  be 
effective  unless  the  fluorescent  material  were 
transparent.  In  addition  to  this  the  resulting 
image  w^ould  almost  certainly  be  grainy  and 
the  method  of  production  would  to  some 
extent  defeat  its  own  object.  Owing  to  the 
separation  of  the  particles  of  reduced  silver 
on  the  plate  by  the  particles  of  fluorescent 
salt,  the  net  effect  of  this  construction  would 
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be  to  reduce  exposures  to  a  certain  extent  on 
this  account. 

The  alternative  method  of  production  is  to 
have  the  fluorescent  material  coated  as  a 
layer  in  contact  with  the  sensitive  film.  A 
plate  for  radiography,  constructed  in  this 
manner,  must  fulfil  certain  desiderata  before 
it  can  be  considered.  These  requirements  are: 

1.  Technical  perfection  of  the  resulting 
radiograph.  The  image  must  be  absolutely 
free  from  grain  and  from  any  mechanical 
faults,  and  must  be  equal  in  this  respect  to 
radiographs  made  from  ordinary  ,r-ray  plates 
without  intensifying  screens. 

2.  With  certain  subjects  both  perfection 
of  detail  and  degree  of  contrast  leave  some- 
thing to  be  desired  in  the  case  of  ordinary 
.f-ray  plates.  In  these  respects  it  is  desirable 
that  a  new  plate  should  not  merely  equal  but 
should  excel  existing  types  of  plates. 

3.  The  cost  of  the  new  plate  must  not  be 
materially  greater  than  that  of  existing 
plates. 

4.  The  use  of  the  new  plate  must  not  intro- 
duce any  manipulatory  difficulties.  It  should 
be  just  as  simple  to  use  and  to  develop  as  the 
existing  type  of  plate. 

In  order  that  these  desiderata  may  be  com- 
pletely fulfilled,  it  is  quite  obvious  that  the 
fluorescent  material  must  be  far  more  ef- 
fective than  it  is  in  the  case  of  the  most  effi- 
cient intensifying  screens  so  far  produced. 
If  the  radiographs  produced  by  the  use  of 
an  ordinary  jr-ray  plate  and  an  intensifying 
screen  are  considered  in  the  light  of  the  de- 
siderata mentioned,  it  will  readily  be  per- 
ceived that  none  of  the  requirements  are 
properly  fulfilled.  For  example: 

1.  The  screen  image  is  always  slightly 
more  grainy  than  a  radiograph  taken  with- 
out a  screen. 

2.  When  an  intensifying  screen  is  u.sed. 
mechanical  faults  are  liable  to  occur  owing 
to  particles  of  dust  on  the  screen — the  sur- 
face of  the  latter  becoming  soiled,  or  to  bad 
contact  due  to  inefficient  or  warped  cassettes, 
etc. 

3.  The  fitting  of  a  screen  and  plate  into  a 
cassette  is  a  little  troublesome  and  means 


multiplication  of  screens  and  cassettes  for  a 
sequence  of  exposures. 

4.  The  cost  of  the  fluorescent  material  per 
screen  if  coated  on  a  plate  would  increase  the 
cost  of  the  latter  several  hundred  per  cent. 

If  the  fluorescent  material  were  coated  on 
the  plate  so  as  to  be  in  optical  contact  with 
the  light-sensitive  emulsion,  we  may  reason- 
ably expect  to  obtain  a  much  better  result, 
because  there  will  be  no  absorption  of  the 
fluorescent  light  by  any  coating  medium  be- 
fore it  has  a  chance  to  affect  the  light-sensi- 
tive film. 

After  a  large  number  of  experiments  a 
plate  has  been  produced  which  we  believe 
marks  a  considerable  advance  and  in  which 
the  desirable  characteristics-which  have  been 
enumerated  have  been  completely  fulfilled. 

This  plate,  which  has  been  given  the  name 
of  the  'Tmpex"  plate,  was  first  described  at 
a  meeting  of  the  Roentgen  Society  in  De- 
cember, 1920.  The  present  paper,  while  it 
embodies  all  the  introductory  information 
contained  in  the  first  communication,  con- 
tains in  addition  a  variety  of  facts  concern- 
ing the  application  and  use  of  the  new  plate, 
which  facts  have  become  known  as  a  result 
of  the  actual  manufacture  and  use  of  the 
plate  on  a  large  scale. 

DESCRIPTION  OF  THE  IMPEX  PLATE 

The  Impex  plate  consists  essentially  of  an 
,r-ray  plate  coated  with  a  special  t)  pe  of 
silver-bromide  emulsion,  on  which  is  coated 
as  a  second  layer  a  small  quantity  of  special- 
ly prepared  fluorescent  calcium  tungstate. 

The  light-sensitive  emulsion  is  composed 
of  specially  hardened  gelatine,  in  order  to 
facilitate  the  subsequent  removal  of  the 
fluorescent  coating  (henceforth  termed  the 
"Impex  layer")  without  any  injury  to  the 
former. 

The  coated  plate  is  exposed  for  a  very 
short  period,  which  may  be  anything  from 
one-twentieth  to  one-thirtieth  of  the  normal 
exposure  and  which  varies  with  the  nature 
of  the  object  to  be  radiographed  and  the 
hardness  of  the  tube  (q.  v.).  Before  develop- 
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ment  the  plate  is  placed  in  warm  water  for 
two  or  three  minutes,  when  the  top  layer 
containing  the  calcium  tungstate  dissolves 
off.  The  final  portions  of  this  coating  can  if 
necessary  be  removed  by  rubbing  with  a  pad 
of  cotton-wool.  Owing  to  the  special  nature 
of  the  light-sensitive  emulsion,  the  latter  is 
entirely  unaffected  by  this  treatment,  and  the 
plate  is  then  developed  and  fixed  in  the  usual 
manner. 

If  the  plate  is  placed  in  the  vertical  plane, 
in  a  tank  containing  warm  water,  the  top 
layer  dissolves  off  and  sinks  to  the  bottom. 
A  slight  rinse  under  the  cold  water  tap  is  all 
that  is  necessary  before  developing  and  fix- 
ing in  the  usual  manner. 

MODUS  OPERANDI  OF  THE  IMPEX  LAYER 

It  will  at  first  sight  appear  that  the  Impex 
plate  is  merely  a  combination  of  a  plate  and 
intensifying  screen  in  one.  Such,  however,  is 
not  the  case.  The  method  of  construction 
of  the  plate  is  such  that  entirely  new  and 
hitherto  unknown  factors  are  beneficially 
brought  into  play,  with  the  result  that  the 
characteristics  of  Impex  radiographs  differ 
both  from  radiographs  taken  with  ordinary 
x-Ta.y  plates  and  from  those  obtained  by  the 
use  of  an  ordinary  plate  or  double-coated 
film  with  intensifying  screen  or  screens. 
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Fig.    I.    Emission    spectrum   of   calcium    tungstate. 

The  fluorescence  of  calcium  tungstate  un- 
der A--rays  may  now  be  considered.  The 
authors  have  proved  by  experiment  that  if 
the  calcium  tungstate  is  in  optical  contact 
with  the  silver  bromide  emulsion,  it  is  thirtv 
to  fifty  times  more  elffcient  in  reducing  ex- 
posure than  it  is  if  used  in  the  form  of  an 
intensifying  screen.  This  observation  imme- 
diately brought  the  question  of  the  coated 
plate  into  the  realm  of  practical  realization. 
The  reason  for  this  enormouslv  enhanced 


efficiency  is  elucidated  by  the  accompanying 
curve  showing  the  emission  spectrum  of  the 
fluorescence  of  calcium  tungstate  when  ex- 
cited by  .r-rays.  (Fig.  I.) 

It  will  be  observed  that  a  considerable  pro- 
portion of  the  fluorescence  of  this  salt  oc- 
curs in  the  ultra-violet  region.  These  short 
waves  are  entirely  absorbed  by  the  various 
media  of  which  intensifying  screens  are  con- 
structed, and  their  actinic  effect  upon  the 
plate  is  therefore  entirely  lost.  In  the  Impex 
plate  they  are  completely  conserved,  and  the 
results  prove  that  these  short  waves  are  many 
times  more  potent  actinically  than  the  longer 
waves  which  are  the  only  ones  effective  in 
the  case  of  intensifying  screens. 

The  sensitive  emulsion  of  the  Impex  plate 
is  treated  so  as  to  possess  two  maxima  of 
sensitiveness,  one  in  the  blue  violet  (visible) 
and  another  in  the  ultra-violet,  the  center  of 
which  is  about  A  ^  .245  '^.  These  correspond 
fairly  approximately  to  two  of  the  maxima 
in  the  emission  spectrum  of  calcium  tungs- 
tate when  excited  by  .r-rays.  This  inter- 
adjustment  of  sensitiveness  of  the  emulsion 
to  the  emission  spectrum  maxima  is  respons- 
ible for  a  considerable  increase  in  the  speed 
of  the  plate. 

Apart  from  speed,  the  optical  contact  of 
the  Impex  layer  on  the  sensitive  emulsion 
has  the  effect  of  totally  eliminating  graini- 
ness  on  the  resulting  negative.  However 
tightly  an  intensifying  screen  is  pressed 
against  the  film  of  the  plate  during  exposure, 
it  is  never  possible  to  get  anything  like  true 
optical  contact,  and  the  resulting  irradiation 
due  to  imperfect  contact  between  the  fluor- 
escing material  and  the  sensitive  emulsion 
militates  against  obtaining  the  best  definition. 

MANIPULATION  OF  IMPEX  PLATES 

A.  Rcinoi'd  of  Impex  Layer. — The  Impex 
layer  is  readily  soluble  in  water  at  a  tempera- 
ture of  105°  to  110°  F.  (The  precise  tem- 
perature is  immaterial.)  A  convenient  meth- 
od of  removing  this  layer  is  by  standing  the 
plate  in  a  tank  containing  warm  water  at 
about  110°  F.  A  number  of  plates  are  placed 
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in  the  tank  and  are  removed  for  development 
as  required.  After  standing  for  two  or  three 
minutes,  the  Impex  layer  dissolves  off  and 
sinks  to  the  bottom  of  the  tank.  A  rinse  for 
a  few  seconds  under  a  cold-water  tap,  to- 
gether with  a  slight  rubbing  with  a  tuft  of 
cotton- wool,  serves  to  remove  the  residual 
powder  which  still  adheres  to  the  plate.  Bv 
the  use  of  the  tank  method  of  removal,  the 
increase  of  time  required  is  less  than  one 
half  minute  per  plate  and  the  manipulation 
is  actually  quicker  than  using  an  intensifying 
screen.  The  plates  are  quite  uninjured  by  be- 
ing left  in  the  warm-water  tank  until  it  is 
convenient  to  proceed  with  their  develop- 
ment. If  preferred,  however,  each  plate  may 
be  treated  separately  in  an  ordinary  develop- 
ing dish  containing  warm  water.  A  prelim- 
inary soaking  of  three  minutes  serves  to  ren- 
der the  Impex  layer  easily  removed  by  a  -tuft 
of  cotton-wool  when  swilled  under  a  cold- 
water  tap. 

B.  Development. — Owing  to  the  fact  that 
the  emulsion  has  absorbed  water  during  the 
removal  of  the  Impex  layer,  it  is  desirable 
to  use  developer  of  rather  more  than  the 
usual  strength.  This  counteracts  the  dilution 
which  it  experiences  on  diffusing  into  the  wet 
film.  Equally  good  results  can  be  obtained 
with  developer  of  ordinary  strength,  but  the 
development  will  require  a  little  longer  for 
its  completion.  Great  care  must  be  taken  that 
the  developer  is  completely  in  solution  ;  other- 
wise black  spots  are  certain  to  be  produced. 

C.  Fixation. — The  plate  is  fixed  in  an 
acid-fixing  bath  in  the  usual  manner.  Owing 
to  the  special  nature  of  the  emulsion,  fixa- 
tion is  rapid  and  is  complete  in  less  than 
five  minutes.  V^ery  little  density  is  lost  in 
this  operation.  The  plates  should  not  be  ex- 
posed to  actinic  light  until  completely  fixed. 

D.  Safe-lights. — The  excessive  sensitive- 
ness of  the  Impex  plate  to  ultra-violet  light 
renders  it  necessarv  to  employ  a  suitable 
safe-light.  A  special  greenish  yellow  light  is 
recommended,  the  transmission  spectrum  of 
which  is  shown  in  Figure  2  (top).  Some 
green  and  orange  safe-lights  transmit  ultra- 


violet light  and  are  thus  unsuitable,  but  a 
good  ruby  light  is  perfectly  safe. 

A  comparatively  slight  amount  of  light- 
fogging  considerably  reduces  the  sensitive- 
ness of  the  emulsion  to  .v-rays,  and  hence  the 


Fig.   2.   Transmission   spectrum   of   safe-light. 

importance  of  employing  a  safe-light  of  the 
correct  type  is  obvious. 

CHARACTERISTICS    OF    IMPEX    RADIOGRAPHS 

A.  Reduction  of  Time  of  Exposure. — i. 
As  already  stated,  the  calcium  tungstate  is, 
quantity  for  quantity,  at  least  thirty  times  as 
efficient  as  when  it  is  used  in  an  intensifying 
screen.  If  an  intensifying  screen  and  a  sheet 
of  glass,  coated  with  the  same  layer  of  cal- 
cium tungstate  as  is  applied  to  the  new  plate 
are  exposed  to  .r-rays,  it  will  be  perceived 
that  the  visible  illumination  of  the  screen  is 
many  times  greater  than  that  of  the  plate 
— which  is  very  feeble  indeed.  In  spite  of  this 
fact,  the  effect  photographically  of  the  coat- 
ing on  the  plate  is  four  times  as  great  as 
that  of  an  intensifying  screen. 

2.  In  the  radiography  of  the  thinner  parts 
of  the  body,  such  as  the  foot  and  knee,  the 
exposure  is  reduced  to  one  twenty-fifth  of 
the  normal  exposure  required  with  the  .t--ray 
plate  already  in  use.  Figures  3  and  4  show 
respectively  an  ankle  and  a  knee  taken  on  the 
Impex  plate  with  one  twenty-fifth  of  the 
normal  exposure  for  these  subjects.  The  de- 
tails shown  in  the  bones  may  be  noted. 

Figures  5  and  6  are  respectively  radio- 
graphs of  a  foot  in  a  boot.  Figure  ^  taken  on 
an  ordinary  plate  and  Figure  6  taken  on  an 
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Impex  plate  with  one  twent}-hfth  of  the 
exposure.  These  radiographs  are  reproduced 
by  the  kind  permission  of  Dr.  Thurstan 
Holland. 

In  the  radiography  of  the  thicker  portions 


\ 


Fig.   3.   Radiograph  of   ankle  taken   on  Impex  plate. 

of  the  body,  such  as  the  pelvis,  the  exposure 
is  reduced  to  about  one  twentieth  of  the  nor- 
mal amount  at  present  recjuired.  Figures  7 
and  8  are  comparison  radiographs  of  a  head. 
Figure  7  is  taken  on  an  ordinary  plate  and 
Figure  8  on  an  Impex  plate  with  one  twen- 
tieth of  the  exposure. 

B.  Freedom  from  granularity  and  clear- 
ness of  image. — The  fact  should  be  empha- 
sized that  in  contradistinction  to  all  expos- 
ures made  with  an  intensifying  screen,  the 
results  obtained  with  the  Impex  plates  are 
entirely  free  from  graininess  and  are  equal 
in  this  respect  to  the  best  results  obtained 
with  the  present  .r-ray  plates  without  a 
screen,  which  require  twenty  to  thirty  times 
the  exposure.  It  is  practically  impossible  to 
over-expose  the  new  plate.  Should  it  acci- 
dentally be  given  two  or  three  times  the  nec- 
essary exposure  it  is  only  necessarv  to  re- 
duce the  final  development;  the  resulting 
negative  is  just  as  brilliant  as  if  the  correct 
exposure  had  been  given.  No  graininess  at 
all  is  produced  in  cases  of  overexposure  as 


is  the  case  when  intensifying  screens  are 
employed. 

With  regard  to  contrast  in  such  a  subject 
as  the  pelvic  region  and  in  regard  to  detail 
and  brilliancy  of  the  image,  the  Impex  plate 
compares  very  favorably  with  the  ordinary 
plates  at  present  in  use.  Another  advantage, 
which  is  directly  due  to  the  very  short  ex- 
posure required,  is  the  superior  sharpness  of 
outline  obtained  owing  to  the  relative  immo- 
bility of  the  patient,  who  is  capable  of  keep- 
ing perfectly  still  for  the  very  short  ex- 
posure required  with  the  new  plate,  but  who 
cannot  possibly  do  so  for  a  much  more  pro- 
longed period. 

C.  Gradation  and  Range. — It  is  generally 
recognized  in  radiography  that  the  shorter 
wave-lengths — as  emitted  by  a  hard  tube — 
give  less  contrast  and  conversely  the  nega- 
tive obtained  with  a  soft  tube  is  more  bril- 
liant, provided  the  penetration  is  adequate 
for  the  subject  radiographed. 


Fig.   4.    Radiograph  of   knee   taken   on   Impex  plate. 

The  scale  of  gradation  obtainal:)le  with  an 
-t'-ray  plate  of  the  ordinary  tvpe  is  therefore 
strongly  selective.  The  technique  of  the 
Impex  plate  is.  however,  entirely  different. 
Hard  rays  excite  a  far  more  powerful  fluor- 
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escence  in  the  Impex  layer  and  the  tube 
should  always  be  worked  in  a  hard  condi- 
tion— preferably  about  7  inch  equivalent 
spark-gap  or  more. 

This  method  of  working  does  not  destroy 
definition  in  the  very  soft  tissues,  for  which 


very  hard  rays,  and  these  are  the  conditions 
in  which  the  maximum  reduction  of  e:5^os- 
ure,  coupled  with  the  greatest  detail  and 
contrast,  are  obtained.  This  point  requires 
special  emphasis,  as  in  certain  cases  where 
the  maximum  reduction  of  speed  was  not 


Fig.  5.  Radiograph  of  foot  in  boot  taken  on  ordinary 
plate. 


Fig.  6.  Radiograph  of  foot  in  boot  taken  on  Impex 
plate  with  one  twenty-fifth  the  exposure. 


Fig.  7.  Radiograph  of  head  taken  on  ordinary  plate. 

in  the  ordinary  way  a  soft  tube  would  be 
employed.  The  full  scale  of  gradation  and 
in  fact,  a  far  wider  scale  than  has  been  ob- 
tainable before,  is  obtained  with  the  Impex 
plate  exposed  under  the  softest  tissues  wath 


Fig.   8.    Radiograph   of   same   head   on   Impcx   plate 
with  one  twentieth  die  exposure. 

obtained,  this  was  found  to  be  due  to  the  use 
of  too  soft  a  tube.  For  example,  at  4  inch 
equivalent  spark  gap,  the  reduction  is  only 
4  to  I. 

The  great  reduction  of  exposure  will  un- 
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doubtedly  be  of  considerable  service  in  the 
-f-ray  examination  of  metals  and  the  like. 
This  is  a  comparatively  recent  development 


Fig.  g.  Alarm   clock  radiographed  in  its  case. 


tions  when  radiographing  considerable 
thicknesses  will  be  obviated.  Figures  9,  10 
and  1 1  are  radio-metallographs  taken  in  the 
fraction  of  a  second  on  the  Impex  plate,  the 
ratio  of  reduction  of  exposure  being  about 
30-1.  Figure  9  is  an  alarm  clock  radio- 
graphed in  its  case.  Figure  10  is  an  electric 
switch.  Figure  1 1  is  a  direct  vision  spectro- 
scope. The  flint  crown  glass  prisms  are 
clearly  differentiated. 

The  great  reduction  of  exposures  afforded 
by  the  use  of  the  Impex  plate  is  advanta- 
geous in  many  other  respects.  The  possibility 
of  taking  the  number  of  radiographs  without 
the  risk  of  burns  and  without  the  production 
of  other  undesirable  results  is  of  course  per- 
fectly apparent. 

A  by  no  means  negligible  advantage  is  that 
of  the  reduction  of  wear  and  tear  upon  ap- 
paratus, especially  upon  tubes.  The  number 
of  exposures  per  tube  is  greatly  increased, 
and  whereas  during  the  course  of  a  compar- 
ativelv  long  exposure  a  gas-filled  tube  will 
often  vary  its  vacuum  and  so  give  rise  to 


Fig.   10.  Electric  switch. 

of  radiography  and  suffers  at  present  from 
the  drawback  of  reciuiring  very  extended 
exposures  in  order  to  penetrate  masses  of 
metal.  The  reduction  of,  say,  20-1  on  a  20 
minutes  exposure,  means  far  more  actually 
than  the  same  ratio  of  reduction  on  an  or- 
dinary exposure  of,  say,  20  seconds  or  less 
required  for  the  radiography  of  the  body. 
The  prejudicial  effects  of  secondary  radia- 


FiG.   II.   Direct-vision  spectroscope  with  flint  crown 
glass  prisms  clearly  differentiated. 

variable  results,  this  trouble  should  not  be 
experienced  with  the  very  short  exposures 
necessitated  with  the  new  plates. 

The  capacity  of  low  power  installations  is 
considerably  increased.  Results  can  now  be 
obtained  with  a  12  inch  and  even  with  a  10 
inch  low  capacity  coil  '"ot  which  were  for- 
merlv  possible  only  with  far  more  expensive 
and  powerful  outfits. 
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The  results  so  far  obtained  are  to  be  re- 
garded as  purely  preliminary.  It  is  hoped 
that  further  experimentation  will  enable  still 
better  results  to  be  obtained.  By  inter-adjust- 
ment of  the  absorption  spectrum  of  the  film 
to  the  color  of  the  fluorescence  of  the  in- 
tensifying salt  used,  a  further  improvement 
may  confidently  be  expected,  and  the  reduc- 
tion of  exposure  to  even  i/iooth  of  their 
present  values  should  not  prove  an  impossi- 
bility. 

Various  new  possibilities  present  them- 
selves. For  example,  a  cinematographic  ra- 
diograph of  the  heart  beating  should  be 
readily  obtainable  with  ordinary  apparatus. 

Double  coated  films  can  be  made  on  the 
same  lines  as  the  new  plate,  each  light-sensi- 
tive emulsion  being  provided  with  its  re- 
movable fluorescent  layer.  It  may  also  be 
confidently  anticipated  that  the  radiographic 


examination  of  metals  and  other  materials 
will  be  carried  out  on  objects  at  present  not 
attempted  owing  to  the  large  exposure  ne- 
cessitated. 

The  experiments  leading  to  the  invention 
of  the  Impex  plate  were  undertaken  at  the 
instance  of  the  Cox-Cavendish  Electrical  Co. 
Ltd.,  of  London,  for  whom  the  preliminary 
work  was  carried  out  in  Dr.  Leonard  Levy's 
laboratory. 

The  great  speed  of  the  Impex  plate  is  un- 
doubtedly due  in  part  to  the  use  in  its  prepa- 
ration of  a  special  ultra-violet  sensitive  emul- 
sion which  had  previously  been  developed 
for  screen  plates  in  the  laboratory  of  the 
Imperial  Dry  Plate  Co.,  Ltd.,  under  the  di- 
rection of  Mr.  Thorne  Baker,  who  was  also 
responsible  for  working  out  the  manufactur- 
ing details  concerning  the  coating  of  the 
Impex  layer. 
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THESE  experiments  are  primarily  con- 
cerned with  the  histological  changes 
following  exposure  of  the  adult  brain  to 
radiation  from  radium  emanation,  and  the 
extent  to  which  a  normal  brain  may  be  radi- 
ated without  destroying  normal  functional 
activity. 

It  is  well  known  that  adult  nervous  tis- 
sue is  resistant  to  radiation,  and  from  ex- 
perience in  the  treatment  of  neoplasms  other 
than  those  of  the  brain,  one  would  expect 
that  certain  cellular  types  of  cranial  tumors 
would  react  favorably  to  radiation. 

The  unsatisfactory  results  of  surgical  re- 
moval pf  brain  neoplasms  justify  this  pre- 
liminary work,  designed  to  obtain  data  for 
the  treatment  of  such  growths  by  physical 
agents.  The  question  of  dosage  and  tech- 
nique in  utilizing  the  large  supply  of  radium 
now  at  the  Memorial  Hospital  becomes 
pertinent.  It  will  be  appreciated  that  the 
methods  of  utilizing  the  radium  emanation 
from  four  grams  of  radium  metal  may  be 
cjuite  different  from  those  employed  by  pre- 
vious workers  using  only  a  few  hundred 
milligrams  of  the  element. 

Brain  tumors  have  been  treated  for  some 
time  by  means  of  radiation.  The  ,f-rays 
have  generally  been  utilized  alone,  and  in 
several  cases  combined  with  radium.  Ouick^ 
in  his  recent  paper  on  the  utilization  of  ra- 
dium and  -v-rays  in  the  treatment  of  hypo- 
physeal tumors  has  given  a  fairly  complete 
bibliography  of  the  more  important  papers. 
Fewer  reports  have  concerned  the  use  of 
radium  alone  in  the  treatment  of  such 
growths,  and  by  far  the  most  extensive  is  a 
recent  paper  by  Frazier"   reporting  several 

*Read   by   invitation   before    the   New    York   Neurological 


years  of  experience.  Simultaneously  with 
Frazier's  recent  report,  his  associates,  Wil- 
liamson, Brown,  and  Butler^,  gave  a  prelimi- 
nary account  of  an  experimental  study  of 
the  effects  of  radium  on  normal  brain  tissue. 
Fortunately,  the  work  of  the  writer,  begun 
over  two  years  ago,  tends  to  extend  and  sup- 
plement rather  than  repeat  the  later  investi- 
gations. Their  principal  results,  as  well  as 
the  previous  researches  in  this  field,  will  be 
discussed  later  on  in  this  paper. 

METHODS    AND    APPARATUS 

Four  methods  were  used:  i.  Unfilteredt 
radium  emanation  contained  in  minute  glass 
tubes  was  permanently  inserted  beneath  the 
scalp  in  small  animals  (rats),  and  directly  in 
the  brain  tissues  in  others — rats,  guinea  pigs, 
rabbits  and  dogs.  Small  doses  of  radium 
emanation  were  used  in  this  group,  each 
tube  containing  from  0.2  to  1.5  millicuries. 
2.  Larger  doses  of  unfiltered  radium  emana- 
tion, 63  to  255  millicuries,  were  placed  in 
the  brains  of  rabbits  and  dogs  and  left  in 
place  for  varying  periods.  3.  A  compara- 
tively large  amount  of  radium  emanation, 
filtered  by  i  mm.  of  platinum,  and  con- 
tained in  a  capsule  applicator,  was  inserted 
in  a  dog's  brain  for  thirty-five  minutes. 
4.  Two  large  doses  of  heavily  filtered  radium 
emanation,  4000  and  9000  millicurie  hours 
respectively,  were  applied  externally  over 
the  head,  in  the  case  of  dogs,  and  a  still 
larger  dose  of  12.030  millicurie  hours  was 
applied  in  a  similar  manner  over  the  left 
temporal  region  of  a  monkey. 

fThat  is,  the  only  filter  was  from  o.i   to  0.2  mm. 
of  glass. 
Society,    New    York   Academy    of    Medicine,    Dec.    7,    1920. 
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The  small  glass  tubes  containing  radium 
emanation  vary  from  2.5  to  4  mm.  in  length, 
and  are  about  0.4  mm.  in  outside  diameter, 
with  containing  walls  about  o.  i  mm.  thick. 
The  trocars  were  0.8  mm.  in  diameter  at  the 
small  end,  at  which  place  the  radium  tubes 
were  inserted.  After  the  trocar  was  inserted 
in  the  tissues,  it  was  sliditlv  withdrawn  be- 
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Fig.  I.  The  monkey  before  treatment,  and  the  ap- 
paratus (puzzle-box)  used  in  estaWishing  motor 
habits.   (For  further  reference  see  text.) 

fore  pressure  on  the  stylet  released  the  ra- 
dium tube.  For  further  details  concerning 
this  technique  see  References  4,  5,  and  6. 
The  radium  was  inserted  into  the  brain 
through  a  small  hole,  2  to  4  mm.  in  diame- 
ter, drilled  in  the  calvarium. 

The  larger  doses  of  unfiltered  radium 
emanation,  used  in  the  second  method,  were 
contained  in  glass  tubes,  10  mm.  long,  0.6 
mm.  in  diameter,  with  walls  about  0.2  mm. 
thick.  These  were  thrust  directly  into  the 
brain  tissue,  and  a  fine  piece  of  surgical  silk 
was  tied  at  one  end  to  facilitate  their  with- 
drawal. 

The  platinum  capsule  was  20  mm.  long, 
3  mm.  in  diameter,  with  walls  i  mm.  thick. 


A  stiff  steel  rod,  fitted  into  tiie  upper  end  of 
the  capsule,  served  as  a  means  of  thrusting 
the  applicator  into  the  brain.  This  accomp- 
lished, the  rod  was  removed,  while  a  fine 
wire,  also  attached  to  the  upper  end  of  the 
applicator,  was  used  in  withdrawing  the 
tube  after  the  treatment. 

The  so-called  "lead  tray"  that  was  used 
for  the  treatments  of  heavily  filtered  radium 
emanation,  gave  a  filtration  of  2  mm.  of 
lead  and  0.5  mm.  of  silver.  The  applicator 
was  held  at  varying  distances  from  the  scalp, 
as  will  be  described  later.  In  treating  the 
dogs  a  lead  shield,  2  mm.  thick,  protected 
the  parts  of  the  head  that  one  did  not  desire 
to  treat.  The  radiation  reached  the  brain 
mainly  through  a  rectangular  opening  (2  cm. 
by  4  cm.),  cut  in  the  shield.  The  radium 
tubes  were  arranged  over  a  correspondingly 
large  area  on  the  floor  of  the  applicator. 

The  rats  and  guinea  pigs  were  operated 
upon  under  light  ether  anesthesia.  The  rab- 
Ijits  and  dogs  were  given  subcutaneous  mor- 
phine injections.  One  quarter  grain  was  suf- 
ficient for  a  full-grown  rabbit,  while  three 
f|uarters  to  one  grain  were  used  for  the  dogs, 
depending  on  the  size  of  the  animal.  About 
one  grain  was  given  to  a  15  kilo.  dog.  When. 
the  radium  was  iaserted  into  the  brain,  a  i 
l)er  cent  novocain  solution  was  used  as  a 
local  anesthesia  in  addition  to  the  morphine. 
For  the  .surface  applications  of  heavily  fil- 
tered radium,  it  was  necessary  to  quiet  the 
animals  for  from  two  and  a  half  to  five 
hours.  In  these  cases,  morphine  alone  was 
u.sed. 

A  monkey  was  selected  as  a  subject  be- 
cause it  was  thought  that  it  might  exhibit 
more  delicate  locomotor  disturbances,  and 
more  especially  defects  in  digital  manipula- 
tions, than  could  possibly  be  detected  in  the 
case  of  dogs  and  the  other  animals.  In  order 
to  obtain  more  accurate  objective  data  than 
are  generally  given  for  this  type  of  experi- 
mentation, certain  motor  habits  were  estab- 
lished before  the  brain  was  exposed  to  radi- 
ation. A  time  record  was  made  of  the  learn- 
ing process  and  notes  were  taken  concerning 
the  individual  differences  in  behavior  pecu- 
liar to  the  animal.  The  puzzle-box  shown  in 
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Figure  i  was  used.  At  first  the  animal's  daily 
task  consisted  in  opening  the  door  of  the 
box,  which  would  swing  forward  when  a 
central  catch,  as  shown  in  the  illustration, 
was  set  at  the  vertical  position.  Its  food,  pre- 
viously placed  within,  was  then  obtainable. 
When  this  task  was  learned  the  situation 
was  complicated  by  the  addition  of  the 
lower  catch,  and  finally,  when  both  of  these 
could  be  manipulated  at  once,  the  higher 
latch  was  added.  Ample  opportunity  was  af- 
forded the  experimenter  to  study  possible 
disturbances  or  variations  in  the  several  dis- 
tinct motor  habits  that  eventually  became 
fixed  in  the  animal's  behavior. 

EXPERIMENTAL  RESULTS 

I.  The  effect  of  small  amounts  of  itn fil- 
tered radium  emanation  upon  brain  tissue. — 
The  localized  effect  of  radium  destruction 
was  the  most  marked  feature  of  the  method 
wherein  the  brain  was  radiated  by  small 
amounts  of  unfiltered  radium  emanation. 
In  all  cases  the  destroyed  tissue  was  an  ellip- 
tical solid,  with  a  necrotic  area  in  the  center, 
in  the  immediate  proximity  of  the  radium 
tube.  This  necrotic  area  was  about  5  mm.  in 
diameter,  and  was  surrounded  by  a  zone,  2 
to  3  mm.  wide,  showing  brain  cells  in  vari- 
ous stages  of  degeneration.  In  nearly  all 
cases,  the  total  area  of  well  radiated  tissue 
was  about  i  c.c,  generally  exactly  that 
amount,  seldom  less,  and  never  but  i  to  2 
mm.  more  in  diameter.  That  this  reaction 
was  due  to  the  radium  emanation  and  not 
to  the  presence  of  the  glass  tube,  or  the 
traumatism  incident  to  its  insertion,  was 
previously  determined  in  a  control  experi- 
ment.*' 

A  pronounced  feature  associated  with 
these  lesions  was  a  leukocytic  infiltration, 
which  tended  to  wall  off  the  radiated  area 
from  the  normal  brain  tissue.  This  is  well 
shown  in  Figure  2,  and  in  this  case  the  in- 
filtration was  due  to  polynuclear  cells.  The 
lesion  was  caused  by  an  unfiltered  tube  of 
1.2  mc.  placed  over  the  calvarium  above  the 
right  cerebral  region,  and  left  there  for 
forty  days.  The  scalp  immediately  above  the 


tube  was  destroyed  over  an  area  of  8  mm. 
by  10  mm.  The  brain  lesion  showed  a  cen- 
tral necrotic  area,  about  5  mm.  in  diameter, 
around,  which  was  a  zone  of  polynuclear 
leukocytes,  while  beyond  this  was  a  broad 
region  showing  hyperemia  and  some  pial 
edema.  The  ganglion  cells  near  the  necrotic 
zone  showed  marked  hydropic  degeneration 
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Fig.  2.  High  power  view  of  a  section  of  a  rat's 
lirain,  showing  the  edge  of  a  lesion  in  the  superior 
portion  of  the  right  hemisphere,  well  localized  by 
a  marked  area  of  leukocytic  infiltration.  A  small 
glass  tube,  containing  1.2  millicuries  of  radium 
emanation  was  placed  between  the  calvarium  and 
the  scalp,  and  left  in  place  for  thirty  days.  At  the 
right  is  shown  a  portion  of  the  area  of  necrosis, 
next  the  zone  of  leukocyte^,  and  a  wide  area  of 
hyperemia.   (For  further  reference  see  text.) 

and  all  the  nuclei  stained  poorly.  There  were 
minute  blood  extravasations,  with  some  in- 
crease in  the  small  compact  nuclei  in  this 
area,  and  the  pia  showed  marked  round- 
cell  infiltration.  The  cells  of  the  adjoining 
convolutions  showed  chromatic  bodies  that 
did  not  stain  well.  There  was  pericellular 
and  perivascular  edema. 

The  localized  action  of  buried  small  doses 
of  radium  emanation  is  again  shown  in  the 
lesion  indicated  in  Figures  3,  4,  and  5.  A 
single  tube  of  i.i  mc.  was  inserted  in  the 
brain  of  a  young  dog  on  November  17, 
1 91 9,  and  was  allowed  to  remain  there  per- 
manently. During  the  following  month  the 
dog  (here  called  dog  A)  showed  no  appar- 
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ent  neurological  disturbances,  and  at  the  end 
of  thirty  days  it  was  killed  and  the  brain 
placed  in  fixative.  The  gross  examination  of 
the  brain  showed  a  well  circumscribed  le- 
sion, 15  mm.  below  the  dorsal  convexitv,  in 
the  mesial  gray  matter  of  the  cortex  just 
superior  to  the  corpus  callosum  (Fig.  4). 
Five  millimeters  below  this  level  the  ventral 
limits  of  the  lesion  extended  through  a  por- 


tensity  became  less  and  less.  The  total 
amount  of  radium  emanation  was  reduced, 
by  a  natural  process  of  "decay,"  16.5  per 
cent  per  day,  and  this  was  a  continuous  pro- 
cess. At  the  end  of  four  days,  the  total 
amount  was  reduced  to  about  one  half. 

Similar  brain  tissue  reactions  were  ob- 
tained with  other  animals,  rats,  guinea  pigs, 
and  dogs,  also  treated  with  small  doses  of 


Figure  3. 


Figure  4. 


Figure  5. 


Fig.  3.  (P  indicates  point  of  insertion.)  Section  of  the  brain  of  dog  A,  11  mm.  helow  the  surface, 
showing  the  point  of  insertion  of  the  radium  trocar.  Fig.  4.  (R  indicates  radiated  area.)  Sec- 
tion of  the  1)rain  of  dog  A,  15  mm.  below  the  surface,  showing  the  lesion  produced  by  i.i  mc. 
of  nnfiltered  radium  emanation.  Dose  ^  127  mc.  hrs.  Time  =  thirty  days.  Fig.  5.  (R  indicates 
radiated  area.)  Section  of  the  Iirain  of  dog  A,  20  mm.  below  the  surface.  The  ventral  limit 
of  the  lesion   is  about  2  mm.   below  this  level. 


tion  of  the  genit  of  the  corpus  callosum.  and 
on  the  right  side  involved  a  small  part  of  the 
internal  capsule  (Fig.5).  The  lesion  was 
about  10  mm.  in  diameter,  and  was  sharply 
marked  off  from  the  normal  brain  tissue 
surrounding  it.  Histological  examination 
showed  necrosis  at  the  center  sttrrounded  by 
a  zone  about  2  mm.  wide  showing  edema 
and  destruction  of  nerve  tissue. 

The  dose  in  the  above  case  was  127  mc. 
hrs.,  and  the  lesion  was  i)roduced  by  a  rela- 
tively small  amount  of  radium  emanation 
acting  over  a  comparatively  long  period.  To 
understand  the  nature  of  this  reaction,  one 
must  remember  that  at  the  time  the  radium 
emanation  was  placed  in  the  brain  it  ra- 
diated the  tissues  with  a  maximum  inten- 
sity, but  during  the  following  days  the  in- 


uniiltered  radium  emanation.  It  was  found 
from  these  experiments  that  a  considerable 
amount  of  brain  substance  could  be  de- 
stroyed without  producing  apparent  netiro- 
logical  disturbances.  This  matter  will  be  dis- 
cussed later. 

II.  The  effect  of  a  eoiuparatizrly  large 
aiuount  of  nnfiltered  radium  emanation 
upon  brain  tissue. — A  large  amount  of  un- 
filtered  radium  emanation  gave  a  much 
more  extensive  and  intensive  tissue  reaction 
than  any  recorded  in  Section  i.  This  was  so 
although  the  dose  in  number  of  millicurie 
hours  remained  the  same  as  that  received 
b\-  dog  A,  i.e.,  127  mc.  hrs.  On  March  22, 
1920.  at  4  p.  M.,  a  tube  containing  255  mc. 
was  inserted  into  lite  brain  of  an  adult  dog' 
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(dog  B)  and  left  in  place  for  thirty  minutes 
(255  mc.  for  one  half  hour=^  127  mc.  hrs.). 
The  tube  was  thrust  into  the  brain  through 
a    hole    in    the    calvarium.    The    foUowino" 


Fig,  6.  Pholograph  of  dog  B,  four  days  after  treat- 
ment with  255  millicuries  of  unfiltered  radium  em- 
anation for  thirty  minutes.  Dose  =  127  mc.  hrs. 
There  is  a  left  hemiplegia,  and  left  eye  blindness. 
(For   further  reference  see  text.) 


morning  the  dog  showed  signs  of  brain  dis- 
turbances. It  lived  for  four  days  and  during 
that  time  there  was  a  progressive  develop- 
ment of  a  left  hemiplegia  (note  the  "foot 
drop"  of  the  forward  limb,  and  the  abnor- 
mal position  of  the  hind  limb  on  the  left 
side,  as  shown  in  Figure  6),  with  blindness 
of  the  left  eye,  and  a  pronounced  tendency 
to  turn  to  the  right.  At  the  end  of  four  days 
the  dog  refused  food,  it  became  comatose, 
and  as  recovery  appeared  hopeless,  it  was 
killed  by  ether  anesthesia. 

A  gross  examination  of  the  brain,  21  mm. 
l)elow  the  dorsal  convexity,  showed  a  large, 
well  circumscribed,  hemorrhagic  lesion,  17 
\)y  18  mm.  in  diameter,  involving  a  large 
portion  of  the  right  thalamus,  extending 
from  the  region  of  the  hippocampus  to  the 
inferior  border  of  the  section  of  the  head  of 
the  caudate  nucleus  appearing  at  that  level, 
and  completely  intersecting  the  fibers  of  the 
internal  capsule  (See  Figures  7,  8,  and  9). 
On    microscopical    examination    the    lesion 
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Figure  S. 


Figure  9. 


Fig.  7.  (R  indicates  radiated  area.)  Section  of  the  brain  of  dog  B,  13  mm.  below  the  surface, 
showing  the  dorsal  limits  of  a  lesion  produced  by  255  miUicuries  of  unfiltered  radium  em- 
anation for  thirty  minutes.  (For  further  reference  see  text.)  Fig.  8.  R  indicates  radiated 
area.)  Section  of  the  brain  of  dog  B,  21  mm.  below  the  surface,  showing  the  maximum  ex- 
tent of  the  diameter  of  the  lesion  produced  by  255  millicuries  of  unfiltered  radium  emanation 
for  thirty  minutes.  Fig.  9.  (R  indicates  radiated  area.)  Section  of  the  brain  of  dog  B,  28 
mm.  below  the  surface,  showing  the  ventral  limits  of  the  lesion  produced  by  255  millicuries 
of  unfiltered  radium  emanation   for  thirty  minutes. 
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showed  a  central  area  of  brain  softening,  10  of  polynuclear  leukocytes,  and  a  zone  of 
mm.  in  diameter,  with  extravasated  blood,  hydropic  degeneration  of  nerve  tissue,  while 
thrombosed     blood-vessels      with     necrotic     the  ganglion  cells  for  a  considerable  distance 
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Figure  10. 


Figure  ii 


Fig.  10.  Dorsal  view  of  the  brain  of  rabbit  A,  showing  the  lesion  produced  by  63.5  millicuries  of  un- 
filtered  radium  emanation  for  two  hours.  Dose  =  127  mc.  hrs.  Fig.  ii.  Section  of  the  brain  of  rab- 
bit A,  8.5  mm.  below  the  surface,  showing  the  maximum  extent  of  the  diameter  of  the  lesion  pro- 
duced  by  63.5   millicuries   of   unfiltered   radium     emanation    for    two    hours.    Dose  =127    mc.    hrs. 
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Figure  12. 


Figure  13. 


Fig.  12.  Section  of  the  brain  of  rabbit  B,  g.o  mm.  below  the  surface,  showing  the  maximum  extent  of 
the  diameter  of  the  lesion  produced  bj^  241  millicuries  of  unfiltered  radium  emanation  for  fifteen 
minutes  Dose  ^  60.2  mc.  hrs.  Fig.  13.  Section  of  the  brain  of  rabbit  C,  8  mm.  below  the  surface, 
showing  the  maximum  extent  of  the  diameter  of  the  lesion  produced  by  241  millicuries  of  unfiltered 
emanation  for  ten  minutes.  Dose  =  40.1  mc.  hrs. 


walls,  and  granular  necrotic  brain  tissue. 
The  necrotic  vessels,  surrounded  by  hemor- 
rhage, extended  to  the  periphery  of  the  area. 
About  the  lesion  there  was  a  concentration 


beyond  this  area  showed  a  loss  of  chromatic 
bodies.  In  the  velum  interpositum  there  were 
hemorrhage  and  considerable  leukocytic  ex- 
udate. 
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The  remaining  tests  with  comparatively 
large  doses  of  unfiltered  radium  emanation 
are  given  in  Figures  lo  to  13  inclusive. 
Three  large  adult  rabbits  were  used,  ap- 
proximately the  same  region  of  the  brain 
was  treated  in  each  case,  and  the  same  meth- 
ods were  employed  as  were  used  for  dog  B. 

Rabbit  A  was  treated  with  63.5  mc.  for 
two  hours,  this  again  being  a  dose  of  127 
mc.  hrs.  The  treatment  was  completed  at 
5  p.  M.,  and  the  animal  was  found  dead  early 
the  next  morning.  The  extent  of  the  destruc- 
tion of  the  cortex  at  the  surface  was  6  mm. 
by  8  mm.,  as  is  shown  in  Figure  10.  Figure 
II,  sketched  at  a  level  8.5  mm.  below  the 
surface  of  the  brain,  shows  a  lesion  12  mm. 
in  its  largest  diameter,  involving  the  fornix 
on  the  right  side,  the  corpus  striatum,  the 
adjacent  cortex,  and  mesially  a  portion  of 
the  thalamus.  The  type  of  degenerative  tis- 
sue change  was  essentially  similar  to  that  re- 
ported for  dog  B,  except  that  there  is  a 
much  richer  exudation  of  polynuclear  leuko- 
cytes in  the  pia  mater  over  a  wide  area  of 
the  surrounding  tissue. 

Since  these  experiments  are  largely  con- 
cerned with  the  extent  of  tissue  reaction  in 
response  to  the  intensity  and  duration  of 
radiation,  the  two  remaining  animals,  rab- 
bits B  and  C,  were  treated  with  compara- 
tively large  amounts  of  radium  emanation 
for  very  short  periods,  so  that  the  number 
of  millicurie  hours,  as  compared  with  the 
amount  received  by  rabbit  A,  was  much  less. 

Rabbit  B  received  241  mc.  of  unfiltered 
radium  emanation  for  fifteen  minutes.  The 
dose  was  60.2  mc.  hrs.,  about  one  half  the 
dose  for  rabbit  A.  This  animal  also  died  dur- 
ing the  following  night.  In  this  case  the 
gross  tissue  change,  as  shown  in  Figure  12, 
covered  an  area  8  mm.  by  10  mm.  in  diam- 
eter, at  a  level  9  mm.  below  the  surface  of 
the  brain.  The  lesion  at  this  level  was 
largely  confined  to  the  corpus  striatum,  but 
it  extended  to  the  cortex  above  as  a  solid 
mass  of  degenerative  tissue.  The  lesion  was 
essentially  similar  to  that  of  rabbit  A. 

The  lesion  shown  in  Figure  13  was  pro- 
duced by  the  same  radium  tube  that  was 
used  in  the  above  experiment,  i.e.,  241  mc. 


and  it  was  left  in  the  brain  of  rabbit  C  for 
ten  minutes.  This  dose  was  40.1  mc.  hrs., 
and  the  animal,  as  in  the  other  cases,  died 
during  the  following  night.  The  lesion,  8 
mm.  below  the  cortical  surface,  was  largely 
confined  to  the  angle  between  the  hippocam- 
pus and  the  fornix.  It  extended  dorsally  to 
the  cortex,  and  ventrally  it  involved  a  small 
portion  of  the  right  cerebral  peduncle.  It  is 
interesting  to  note  that  in  this  case,  although 
the  number  of  millicurie  hours  was  reduced 
to  40.1,  the  area  of  destroyed  tissue  was  still 
6  mm.  by  8  mm.  in  diameter. 

III.  The  effect  of  inserting  into  the  brain 
a  comparatively  large  amount  of  filtered 
radium  emanation. — Dog  C  was  a  large 
adult  female.  A  platinum  capsule  with  walls 
I  mm.  thick,  containing  218  mc,  was  in- 
serted into  the  brain  and  left  in  place  for 
thirty-five  minutes.  The  dose  was  127  mc. 
hrs.  As  a  result  of  the  treatment  the  dog 
showed  no  apparent  neurological  disturb- 
ances, and  remained  well  and  active  for  the 
following  month.  At  the  end  of  that  time 
it  was  killed  by  ether  anesthesia.  Gross  ex- 
amination of  the  brain  revealed  a  compara- 
tively small  lesion,  situated  in  the  region  of 
the  superior  portion  of  the  internal  capsule 
on  the  right  side,  and  not  more  than  3  mm. 
in  diameter.  The  microscopical  examination 
showed  a  focus  of  softened  brain  tissue, 
with  an  accumulation  of  Gluge's  corpuscles, 
some  blood  pigment,  and  a  few  foreign 
body  giant  cells  surrounded  by  a  new  growth 
of  spindle  cells.  The  whole  section  had  a 
cicatricial  appearance.  For  a  considerable 
distance  about  this  area  there  was  an  ac- 
cumulation of  many  perivascular  lympho- 
cytes and  plasma  cells.  The  focus  was  3  by 
4  mm.  in  diameter. 

IV.  The  effect  of  radiating  the  brain  iinth 
an  external  application  of  heavily  filtered 
radium  emanation. —  Dog  D  was  a  well- 
grown  female,  about  one  year  old.  After  be- 
ing quieted  by  morphine,  its  head  was  pro- 
tected by  a  lead  shield,  save  for  a  rectangu- 
lar opening  20  mm.  by  40  mm.  in  diameter, 
which  permitted  radiation  to  reach  the  left 
cerebral  hemisphere.  The  shield  was  2  mm. 
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thick.  The  "lead  tray"  previously  described, 
containing  1965  mc.  of  radium  emanation, 
was  placed  immediately  over  this  opening 
and  left  there  for  tv\^o  hours  and  twenty- 
five  minutes.  The  dose  was  4,000  mc.  hrs. 
The  total  filter  for  the  left  cerebral  region 
was  0.5  mm.  of  silver  and  2  mm.  of  lead, 
and  the  distance  was  2  mm.  About  fourteen 
days  after  the  treatment  a  moderate  radium 
dermatitis  appeared  over  the  treated  area, 
which  later  was  surrounded  by  a  10  mm. 
zone  of  alopecia.  This  area  extended  slightly 
beyond  the  midline  of  the  head.  No  other 
symptoms  were  noted,  and  the  dog  remained 
well  and  active,  showing  no  apparent  neuro- 
logical disturbances  for  a  month  after  the 
treatment.  At  the  end  of  that  period  it  was 
killed  by  ether. 

A  gross  examination  of  the  brain  showed 
nothing  abnormal,  save  possibly  a  slight  con- 
gestion of  the  cortical  blood  vessels. 
The  microscopical  examination  showed  no 
changes  either  in  the  brain  substance  or  the 
pia.  The  ganglion  cells  appeared  normal  and 
stained  well.  The  blood  vessels  in  the  sub- 
cortical fiber  tracts  were  sheathed  with  i  to 
3  layers  of  plasma  cells,  and  there  was  a 
little  blood  in  some  of  the  perivascular 
lymph  sheaths. 

In  treating  dog  E  the  same  applicator  and 
shield  were  used,  but  the  distance  was  in- 
creased to  50  mm.  The  treatment  consisted 
of  an  exposure  to  1800  mc.  for  five  hours, 
the  dose  being  9,000  mc.  hrs.  A  50  mm. 
gauze  pad  kept  the  applicator  at  the  proper 
distance,  and  tended  to  decrease  the  second- 
ary radiation  from  the  surrounding  metal 
surfaces.  The  pad  did  not  change  the  char- 
acter of  the  radiation  that  reached  the  brain, 
but  it  served  better  to  protect  the  scalp.  The 
dog  was  well  and  active  after  the  treatment, 
and  showed  no  neurological  disturbances. 
The  scalp  remained  normal  except  for  a  very 
slight  loss  of  hair.  At  the  end  of  a  month 
the  dog  was  killed  by  ether  anesthesia.  The 
brain  was  apparently  normal  from  a  gross 
examination.  Microscopical  examination 
showed  the  pericellular  nuclei  in  the  gray 
matter  apparently  increased  in  number.  The 
Nissl  substance  in  the  ganglia  cells  was  in- 


distinct. The  pia  was  apparently  normal, 
there  was  a  slight  increase  in  the  perivas- 
cular nuclei,  but  no  vascular  changes  were 
noticeable. 

Tissues  from  the  radiated  portions  of  the 
brains  of  dogs  D  and  E  were  treated  by 
Marchi's  stain  and  Sudan  III,  but  no  de- 
generations were  found  in  either  case. 

The  monkey,  which  was  the  last  animal 
in  the  series,  was  treated  with  the  "lead 
tray"  containing  2406  mc.  for  five  hours. 
The  application  was  made  over  the  left  tem- 
poral region,  at  10  mm.  distance,  but  in  this 
case  the  shield  was  not  used.  The  left  side  of 
the  brain  was  radiated  because  the  animal 
invariably  used  its  right  hand  in  manipulat- 
ing the  catches.  Ten  millimeters  of  rubber 
served  to  reduce  the  secondary  radiation.  As 
in  the  other  cases,  the  filter  was  0.5  mm.  of 
silver  and  2  mm.  of  lead.  The  dose  was 
12,030  mc.  hrs. 

It  was  not  until  eight  days  after  the  treat- 
ment that  any  clinical  symptoms  appeared. 
First  was  noticed  a  huskiness  of  voice,  ac- 
companied on  the  tenth  day  by  pronounced 
salivation,  and  a  beginning  erythema  over 
the  left  side  of  the  face.  The  animal  at  this 
time  was  somewhat  inactive.  Except  that  the 
animal  suffered  greatly  from  the  effects  of 
a  severe  radium  burn  of  the  face,  no  neuro- 
logical svmptoms  were  noted  that  could  be 
definitely  attributable  to  brain  disturbances 
brought  about  by  the  radiation.  However, 
on  the  nineteenth  and  twenty-third  days 
after  the  treatment  a  temporary  fine  tremor 
of  the  front  limbs  appeared,  but  this  condi- 
tion was  not  seen  at  any  other  time,  and 
later  disappeared  altogether. 

There  was  no  evidence  to  show  that  radi- 
ating the  brain  directly  interfered  with  the 
retention  of  the  motor  habits  that  were  es- 
tablished before  treatment.  The  experiment 
was  adjusted  to  show  possible  deficiency  in 
the  digital  manipulations,  but  nothing  abnor- 
mal was  noted  in  this  regard  in  the  handling 
of  the  various  catches  in  the  post-radiation 
series.  A  few  minor  changes  were  noted  in 
the  method  of  approaching  the  task,  but  no 
clumsiness  or  asynergia  was  apparent  in  its 
execution. 
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Judging  the  permanence  of  retention  of 
the  habit  by  the  average  speed  of  its  accomp- 
lishment, the  results  show  that  one  cannot 
conclude  that  radiating  the  brain  in  this 
particular  animal  materially  increased  the 
time  of  the  reaction.  The  records  in  the  ac- 
companying Table  I  show  that  when  due 
consideration  is  given  to  the  probable  error 


comatose  on  the  thirty-third  day  following 
the  treatment,  and  died  the  next  morning. 

At  autopsy  the  brain  was  found  to  be 
apparently  normal,  except  for  a  certain 
amount  of  anemia  of  the  smaller  cortical 
blood-vessels  of  the  left  temporal  region  in 
the  area  which  was  directly  exposed  to  the 
radiation.    The   relative   appearance   of   the 


Fig.  14.  Lateral  view  of  the  left  side  of  the  lirain  of 
a  monkey  after  exposure  to  2406  millicuries  of 
heavily  filtered  radium  emanation  for  five  hours. 
Note  the  oblitera.tion  of  the  smaller  cortical  blood- 
vessels in  the  temporal  region.  (For  further  ref- 
erence see  text.) 


Fig.   15.  Lateral  view  of  the  right  side  of  the  brain 
of  the  monkey  after  radiation. 

various  aspects  of  the  brain  is  shown  in  Fig- 
ures  14  and  15.   Careful  microscopical  ex- 


Table  L 

TIME    AVERAGES    FOR    THE    PERFORMANCE    OF    THE    MONKEY    IN    THE 
BEHAVIOR   TEST    ( PUZZLE-BOX    REACTION) 


No. 
Sees. 


Probable 
Error 


Mean 
Variation 


Average  per  trial  for  last  20 
trials   before   treatment 

26.4 

±  3-0 

15-9 

Average  per  trial  for  24 

trials  after  treatment                     38.S 

±  6.4 

36.2 

Average  per  trial  for  first  14 
trials  after  treatment 

56.8 
13-6 

±:  11-9 

S0.9 

Average  per  trial  for  last  10 
trials  after  treatment 

±1  1-4 

4.9 

attached  to  each  average,  there  is  very  little 
difference  between  the  performance  in  the 
last  twenty  trials  before,  and  the  twenty- 
four  trials  after  the  treatment.  In  fact,  the 
last  ten  trials,  the  last  of  which  was  taken 
only  two  days  before  death,  show  a  con- 
siderable quickening  of  the  average  perfor- 
mance, despite  the  fact  that  the  general 
physical  condition  of  the  animal,  due  to  the 
radium  burn,  was  poor.  The  animal  became 


amination  of  the  portion  of  the  brain 
directly  beneath  the  radiated  area  revealed 
no  definite  degenerative  changes. 

DISCUSSION    OF   RESULTS   AND  SUMMARY 

Danysz''  (1903- 1904)  reported  the  pres- 
ence of  hemorrhages  in  the  brain  and  spinal 
cord  of  mice  exposed  to  radium.  After  i 
mg.  of  radium  salt  had  been  placed  in  con- 
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tact  with  the  exposed  dura  mater  of  a  rab- 
bit for  eight  hours,  hemorrhages  were  noted 
in  the  central  nervous  system,  but  no  changes 
could  be  detected  in  the  actual  nerve  ele- 
ments. 

Heineke-  (1903)  obtained  similar  results, 
and  stated  that  deep  hemorrhagic  soften- 
ing spread  from  the  spot  at  which  the  ra- 
dium tube  had  been  applied. 

Scholtz^  (1904)  and  Okada^''  (1905)  ir- 
radiated the  sciatic  nerves  of  young  rabbits 
in  the  first  case,  and  rabbits  and  frogs  in  the 
second,  and  although  in  both  cases  strong 
tissue  reactions  occurred,  the  nerves  showed 
no  alteration. 

Obersteiner"  (1905)  treated  the  brains 
of  white  mice  with  capsules  containing  10 
and  50  mg.  of  radium  bromide,  and  con- 
cluded that  the  irradiation  had  no  specific 
effect  on  nervous  tissue,  and  the  derange- 
ments that  occurred  might  be  accounted  for 
by  the  destruction  of  the  small  blood-vessels, 
which  resulted  in  considerable  hemorrhages 
in  the  brain  substance. 

Horsley  and  Finzi^^  (1911)  applied  a 
platinum  tube,  0.5  mm.  thick,  incased  in  i 
mm.  of  rubber,  and  containing  55  mg.  of 
radium  bromide,  to  the  precentral  and  post- 
central gyri  of  the  brains  of  monkeys.  (On 
Rutherford's  standard  the  amount  of  pure 
metallic  radium  was  22.7  mg. )  Two  animals 
received  treatment  for  two  and  a  half  hours, 
and  showed  no  disturbance  at  the  end  of 
twenty-six  and  thirty-one  days  when  they 
were  killed.  Another  animal  was  treated  in 
three  places  over  the  brain  with  a  tube  con- 
taining the  equivalent  of  100  mg.  of  radium 
bromide,  and  it  showed  no  disturbance  up  to 
the  fifty-fourth  day,  when  it  also  was  killed. 
The  writers  noted  in  the  meninges  "endothe- 
lial proliferation  of  the  walls  of  the  blood- 
vessels, in  some  cases  practically  occluding 
the  lumen."  Punctiform  hemorrhages  were 
noted  in  the  cortex,  in  one  animal,  as  deeply 
as  the  fifth  layer  of  the  cortex.  They  con- 
clude that  "radium  rays,  from  which  the  less 
penetrating  beta  rays  have  been  filtered  off, 
and  employed  in  a  strictly  clinical  procedure, 
exert  no  influence  discoverable  by  pres- 
ent  methods   on   the   nerve   tissue,   but   do 


cause  notable  changes  in  the  blood-vessels." 
Williamson,  Brown,  and  Butler^  applied 
50  mg.  of  radium  bromide  over  the  motor 
area  of  the  cortex  of  dogs.  A  platinum  tube, 
with  walls  0.4  mm.  thick,  was  placed  under 
the  dura  for  four,  six,  twelve,  and  eighteen 
hours.  Rubber  was  not  used  to  absorb  the 
secondary  radiation  from  the  platinum. 
None  of  the  dogs  showed  disturbing  symp- 
toms after  the  application.  The  writers  noted 
a  4  mm.  area  of  necrosis  beneath  the  tube, 
which  showed  thickening  and  hyalinization 
of  the  blood-vessels  without  rupture  of  their 
walls.  Beyond  this  area,  for  a  zone  i  mm. 
wide,  was  a  region  showing  cells  with  evi- 
dences of  degeneration,  and  ruptured  blood- 
vessels producing  hemorrhagic  infiltration. 
The  line  of  demarcation  from  this  area  to 
the  surrounding  normal  brain  tissue  was 
sharp.  There  was  no  cellular  infiltration,  ex- 
cept from  the  hemorrhage,  and  no  evi- 
dence of  beginning  repair.  These  investiga- 
tors conclude  that  "the  application  of  ra- 
dium to  the  brain  of  the  dog,  under  certain 
limitations  as  to  time  and  strength,  has  a 
destructive  action,  but  produces  no  clinical 
symptoms." 

The  writer's  results  confirm,  in  the  main, 
the  previous  reports  concerning  the  so-called 
resistance  of  nervous  tissue  to  filtered  ra- 
dium. The  additional  information  herein  re- 
corded is  concerned  with  the  localized  beta- 
ray  effect  of  small  tubes  containing  small 
amounts  of  radium  emanation,  the  more  in- 
tense, extensive,  and  promptly  destructive 
reaction  following  the  insertion  in  the  brain 
of  comparatively  large  doses  of  unfiltered 
radium  emanation,  and  finally,  that  the 
brain  may  be  externally  radiated,  through 
both  the  scalp  and  skull,  by  large  amounts 
of  heavily  filtered  radium  emanation,  radiat- 
ing from  a  comparatively  large  surface  ap- 
plicator, and  the  nervous  tissue  still  may 
show  no  signs  of  degeneration. 

In  a  previous  paper"  attention  was  called 
to  the  localized  effect  of  buried  tubes  con- 
taining small  amounts  of  radium  emanation 
in  various  kinds  of  tissue,  and  it  was  noted 
that  nervous  tissue  was  no  exception  to  this 
rule.  The  present  experiment  extended  this 
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observation  to  different  parts  of  the  brain 
in  various  animals.  In  practically  all  cases 
the  volume  of  degenerated  tissue  was  one 
cubic  centimeter,  generally  exactly  that 
amount,  seldom  less,  and  hardly  ever  more 
than  I  to  2  mm.  more  in  diameter.  This 
localized  reaction  is  probably  due  to  three 
reacting  factors:  first,  the  dispersion  of  rays 
is  increased  the  greater  the  distance  from 
the  source,  so  that  the  tissue  in  the  immediate 
proximity  of  the  tube  receives  the  maximum 
intensity  of  radiation;  second,  the  beta  rays 
are  largely  absorbed  by  a  few  millimeters 
of  tissue  (see  the  recent  work  of  Ouimby^^ 
in  this  regard)  ;  and  third,  the  inflammatory 
reaction  of  the  surrounding  tissue,  leukocy- 
tosis, etc.,  also  tends  to  localize  the  reaction. 

The  slow,  localized  brain  tissue  reaction, 
in  response  to  radiations  from  small 
amounts  of  unfiltered  radium  emanation, 
gradually  diminishing  in  strength,  is  usu- 
ally associated  with  no  neurological  disturb- 
ances. This  type  of  reaction,  associated  with 
unilateral  brain  destruction,  may  be  such 
that  compensatory  adjustments  have  suf- 
ficient time  to  bring  about  apparently  nor- 
mal physiological  reactions.  These  results 
are  similar  to  the  gamma-ray  reactions  re- 
corded by  Horsely  and  Finzi  for  monkeys, 
and  Williamson,  Brown  and  Butler  for 
dogs. 

There  is  an  entirely  different  physiologi- 
cal and  histological  reaction  associated  with 
exposing  the  brain  to  comparatively  large 
doses  of  unfiltered  radium  emanation.  The 
intensity  of  radiation  in  the  vicinity  of  the 
tube  is  greatly  increased,  hemorrhagic  in- 
filtration is  extensive,  and  the  entire  process 
is  so  rapid  that  the  adjustment  of  the  organ 
as  a  whole  is  impossible  and  fatal  termina- 
tions soon  occur.  Comparing  the  above  re- 
sults one  may  see  that  the  physiological 
and  histological  reactions  in  response  to  a 
small  amount  of  unfiltered  radium  emana- 
tion (mainly  of  beta-ray  activity)  acting 
over  a  comparatively  long  period,  are  not 
similar  to  an  equal  dose  consisting  of  a  much 
larger  amount  of  radium  emanation  acting 
for  a  correspondingly  short  time. 


Previous  investigators  have  emphasised 
the  local  nerve  tissue  reaction  due  to  gamma 
radiations  from  applicators  placed  on  the 
surface  of  the  brain.  The  results  of  the 
present  experiments  extend  this  observa- 
tion to  gamma  radiation  when  acting  be- 
neath the  cortex. 

The  final  contribution  of  this  paper  deals 
with  the  radiation  of  the  brain,  through  the 
scalp  and  skull,  by  heavily  filtered  radium 
emanation.  Here  again  is  emphasized  the 
ability  of  nervous  tissue  to  withstand  a  con- 
siderable amount  of  gamma-ray  radiation. 
The  applications  were  made  as  in  a  strictly 
clinical  procedure,  and  the  dose  was  as 
strong  as  those  employed  in  the  therapeutic 
treatment  of  certain  types  of  cancer.  Al- 
though the  dose,  in  the  case  of  the  monkey, 
was  increased  to  the  limit  of  skin  endur- 
ance, there  still  was  no  apparent  physiologi- 
cal disturbance  in  brain  function,  and,  ex- 
cept for  an  obliteration  of  certain  of  the 
smaller  cortical  blood  vessels  in  the  radiated 
area,  no  anatomical  change  was  noted,  and 
there  was  no  apparent  degeneration  in  the 
structure  of  the  nervous  tissue. 

The  behavior  test,  employed  in  a  careful 
study  of  the  animal's  habit  reactions  before 
and  after  exposure  of  the  brain  to  intense 
radiation,  revealed  no  cerebral  disturbance. 
The  average  daily  time  record,  associated 
with  the  opening  of  a  fairly  complicated 
puzzle-box,  was  about  the  same  after  the 
treatment  as  it  was  before. 

CONCLUSIONS 

1.  Of  the  four  methods  that  have  been 
tested,  the  application  of  heavily  filtered  ra- 
dium emanation  over  the  scalp  may  be  con- 
sidered a  relatively  safe  procedure  for  the 
treatment  of  brain  tumors. 

2.  The  burying  of  small  doses  of  un- 
filtered radium  emanation  (mainly  beta-ray 
radiation)  is  also  suggested  as  a  favorable 
method  of  treating  such  growths. 

3.  The  relatively  sudden  destruction  pro- 
duced by  comparatively  large  doses  of  un- 
filtered    radium     emanation     makes     this 
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method  unsafe  for  the  treatment  of  brain 
tumors. 

4.  While  the  applicability  of  imbedding 
filtered  radium  emanation  is  still  uncertain, 
it  is  possible  that  by  using  still  larger  doses 
than  were  employed  in  these  experiments, 
and  decreasing  the  filtration,  this  method 
may  also  be  of  use. 

5.  It  was  noted  that  nervous  tissue  was 
markedly  resistant  to  gamma-ray  radiation, 
and  this  reaction  is  probably  associated  with 
the  relatively  adult  condition  of  the  nerve 
cells. 

6.  The  changes  in  the  brain  following 
radiation  were  largely  due  to  the  destructive 
action  of  radium  emanation  on  the  blood 
vessels. 

7.  There  was  a  marked  localized  reaction, 
associated  with  a  pronounced  leukocytic  in- 
filtration, following  the  insertion  of  small 
doses  of  unfiltrated  radium  emanation  in 
the  normal  brain.  These  lesions  were  espec- 
ially interesting,  because  of  the  absence  of 
neurological  symptoms. 

8.  In  the  case  of  a  monkey  that  received 
a  strong  dose  of  heavily  filtered  radium  ema- 
nation over  the  brain,  there  was  no  subse- 


quent loss  of  previously  established  motor 
habits. 

The  writer  wishes  to  acknowledge  his  in- 
debtedness to  Dr.  James  Ewing  for  his  ad- 
vice concerning  the  pathological  changes  ob- 
served in  the  histological  material,  and  to 
Dr.  Beatrice  Fairbanks  for  preparing  and 
diagnosing  sections  from  the  brains  of  two 
of  the  dogs. 
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CORRESPONDENCE 

London,  24th  June,  1921. 
To  the  Editor: 

Dear  Sir:  We  have  noticed  with  interest 
an  article  in  the  April  number  on  "The 
Practical  Application  of  the  Sphere  Gap  to 
Roentgenography,"  by  Dr.  H.  J.  Ullmann. 
Since  the  early  part  of  1920  we  have  been 
advocating  the  use  of  sphere  gap  voltmeters 
measuring  continuous  or  peak  discharges  up 
to  250,000  volts,  as  we  have  realized  the 
great  value  of  adding  such  a  sphere  gap 
voltmeter  to  every  .i"-ray  outfit. 

The  importance  of  measuring  the  voltage 
applied  to  an  .r-ray  tube  is  becoming  gener- 
ally recognized,  but  the  problem  is  not  too 
easy  with  the  high  voltages  that  obtain  in 
,r-ray  practice.  The  work  of  Peek  and  others 
has  shown  that  a  spark  gap  between  spheri- 
cal electrodes  of  equal  size  is  a  convenient 
and  accurate  means  of  measuring  high  volt- 
ages. The  spark  between  points  is  now  gen- 
erally discredited  for  high  voltages  on  ac- 
count of  its  liability  to  inconsistency  and  its 
dependence  on  atmospheric  conditions  and 
frequency  of  discharge.  By  reason  of  its 
variable  time-lag,  its  readings  may  on  oc- 
casion be  300  or  400  per  cent  in  error,  in 
the  case  of  high  frequency  steep  impulses. 

On  the  other  hand,  frequency  and  wave 
shape  have  no  appreciable  effect  in  the  case 
of  the  sphere  gap,  and  the  effects  of  varia- 
tion in  the  atmospheric  conditions  are  well 
known,  and  can  be  readily  corrected  for. 

The  size  of  the  spheres  is  important.  A 
good  rule  is  not  to  use  a  gap  bigger  than  the 
diameter  of  either  of  the  balls,  though  some 
latitude  may  be  permitted  in  this  direction. 
The  main  point  is  to  avoid  the  break-down 
discharge  being  preceded  by  brush-discharge 
or  corona,  otherwise  a  pulsating  discharge 
will,  in  general,  give  gap  readings  too  high. 


With  the  above  precaution,  a  sphere  gap 
is  a  reliable  instrument  capable  of  measuring 
voltages  from  say  10,000  volts  to  500,000  to 
an  accuracy  of  about  2  per  cent. 

The  gap  should  not  be  exposed  to  any  ex- 
traneous ionizing  influence,  such  as  an  arc  or 
an  adjacent  spark,  nor  should  the  gap  be  en- 
closed. The  first  spark  is  the  one  for  which 
the  reading  should  be  taken.  A  continuous 
spark  can  readily  be  blown  out  by  the  mouth 
or  other  means,  and  so  prevented  from 
lengthening  out  when  the  gap  is  widened. 

Howard  C.  Head,  Director. 

Watson  &  Sons  (Electro-Medical)  Ltd. 


Atlanta,  Ga.,  Aug.  17,  1921. 
To  the  Editor: 

I  have  noted  with  interest  the  instructive 
paper  of  Dr.  W.  O.  Upson  concerning  trans- 
posed viscera,  appearing  in  your  July  issue. 

Within  the  last  two  years  two  cases  have 
come  under  my  observation.  One,  a  fairly 
well-nourished  man  of  forty-four,  who  suf- 
fered from  typical  duodenal  ulcer  symptoms, 
and  who  showed  definite  pathology  of  the 
duodenal  cap,  exhibited  a  complete  trans- 
position of  both  the  thoracic  and  abdominal 
organs.  Two  of  his  brothers  and  two  sisters 
were  fluoroscoped,  but  were  normal. 

The  other  was  a  young  and  husky  man, 
who  was  applying  for  entrance  in  the  navy. 
The  examining  physician  discovered  that  his 
heart  was  on  the  right  side  and  sent  him  to 
me  for  examination.  He,  too,  showed  a  com- 
plete transposition  of  his  thoracic  and  ab- 
dominal organs.  The  latter  individual  was  a 
fine  specimen  of  physical  manhood,  and  in- 
sisted that  he  had  never  suffered  from  any 
illness  whatever  from  his  youth  to  the 
present.  Qeo.  M.  Niles,  m.d. 
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The  Roentgen  Diagnosis  of  Diseases  of 
THE  Alimentary  Canal.  By  Russell  D. 
Carman,  m.d.,  Head  of  Section  on  Roent- 
genology in  the  Division  of  Medicine, 
Mayo  Clinic,  and  Professor  of  Roentgen- 
ology (Mayo  Foundation)  Graduate 
School  of  Medicine,  TJniversity  of  Minne- 
sota. Second  Edition  thoroughly  revised. 
Containing  676  pages  with  626  original 
illustrations.  Price  $8.50.  W.  B.  Saunders 
Company,   Philadelphia,   1920. 

This  excellent  book  has  achieved  its  sec- 
ond edition.  It  carries  an  additional  98  pages, 
new  illustrations  to  the  number  of  122,  and  2 
new  chapters.  One  of  the  chapters  is  upon 
"Hour-Glass  Stomach"  and  the  other  "A 
Chronological  Abstract  of  the  Published 
Work  of  Pneumoperitoneal  Diagnosis  of 
Abdominal  Lesions." 

The  book  is  printed  upon  rather  thin  paper 
and  carries  the  676  pages  in  an  easily  han- 
dled volume  which  is  excellently  bound  in  a 
flexible  back. 

There  is  no  doubting  the  fact  that  this 
text  book  is  the  most  thorough  exposition  of 
abdominal  roentgenolog}-  in  any  language. 
There  is  sufficient  new  and  revised  material 
to  demand  the  re-purchase  of  this  edition  by 
those  who  have  appreciated  the  first  edition. 

E.  H.  Skinner. 

Medical  Electricity.  Roentgen  Rays, 
and  Radium,  with  a  Practical  Chapter  on 
Phototherapy,  by  Sinclair  Tousey,  a.m., 
M.D.,  Consulting  Surgeon  St.  Bartholo- 
mew's Clinic,  New  York  City.  Third  edi- 
tion, thoroughly  revised  and  greatly  en- 
larged, containing  1337  pages,  861  prac- 
tical illustrations  and  16  in  colors.  Price 
$10.00.  W.  D.  Saunders  Company,  Phila- 
delphia, 1 92 1. 


Tousey  truly  states  in  the  preface  that  it 
is  practically  impossible  to  write  a  book  on 
electricity  which  will  be  up  to  date,  because 
of  the  many  rapid  changes. 

This  book  contains  a  great  deal  of  valu- 
able information  concerning  electricity  in  the 
numerous  forms  which  are  applicable  to 
medicine,  devoting  chapters  to  static  and  dy- 
namic electricitv,  electricitv  occnrrinsr  in  ani- 
mals  and  plants,  the  physiological  effects  of 
electricity,  electro-pathology,  electro-diag- 
nosis and  electro-therapy. 

In  addition  he  devotes  a  chapter  to  physi- 
cal reconstruction  after  war  injuries,  in 
which  he  mentions  the  testing  of  nerve  in- 
juries, nerve  testing  at  time  of  operation,  and 
electro-treatment  of  nerve  injuries.  He  then 
discusses  the  physiological  and  therapeutic 
effects  of  the  electro-magnets,  electricity  in 
disease  of  the  nervous  system  from  a  diag- 
nostic and  therapeutic  standpoint,  and  at  the 
end  of  this  chapter  he  takes  up  the  physio- 
logical causes  of  death  by  electricity.  The 
chapters  on  high  frequency  currents  are  very 
comprehensive.  He  devotes  546  pages,  with 
numerous  illustrations,  to  the  roentgen  ray, 
approaching  it  from  the  standpoint  of  phys- 
ics, then  the  localization  of  foreign  bodies, 
roentgenography,  development  of  roentgeno- 
grams, and  fluoroscopy.  He  then  describes 
his  technique  for  roentgenography  of  all 
portions  of  the  body.  He  writes  at  some 
length  on  roentgen  therapy,  including  his 
technique.  The  last  forty  pages  are  devoted 
entirely  to  radium — radium  activity,  radio- 
chemical, physiological  and  pathological  ef- 
fects, and  therapeutic  uses.  There  is  a  very 
complete  and  extensive  index. 

The  book  is  valuable,  in  that  it  serves  as 
an  excellent  reference  book. 

W.  W.  Belden. 
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The  Protection  of  Roentgenologic  Workers. 
(London  Letter  of  the  /.  Am.  M.  Assn., 
xxvii,  No.  I.) 

The  committee  for  the  protection  of  roent- 
genologists, which  was  announced  in  a  pre- 
vious letters  (The  Journal,  April  23,  1921,  p. 
1 181),  has  been  formed.  The  chairman  is  Sir 
Humphry  Rolleston.  The  members  are  Sir 
Archibald  Reid,  radiologist  to  St.  Thomas' 
Hospital;  Dr.  Robert  Knox,  radiologist  to 
King's  College  Hospital  and  the  Cancer  Hos- 
pital (representing  the  British  Association  for 
the  Advancement  of  Radiology  and  Physio- 
therapy) ;  Dr.  S-  Gilbert  Scott,  radiologist  to 
the  London  Hospital;  Dr.  Stanley  Melville, 
radiologist  to  St.  George's  and  to  the  Bromp- 
ton  Chest  hospitals  (representing  the  Electro- 
therapeutic  Section  of  the  Royal  Society  of 
Medicine)  ;  Dr.  Harrison  Orton,  radiologist  to 
St.  Mary's  Hospital;  Mr.  Cuthbert  Andrewes 
(representing  the  Rontgen  Society)  ;  Prof.  S. 
Russ,  physicist  to  the  Middlesex  Hospital  (re- 
presenting the  Institute  of  Physics)  ;  Dr.  G. 
W.  C.  Kaye  (representing  the  National  Physi- 
cal Laboratory-),  and  Dr.  J.  C.  Mottram,  patho- 
logist to  the  Radium  Institute.  The  committee 
held  a  preliminar}-  meeting  and  appointed  a 
sub-committee  to  draw  up  a  statement,  to  be 
issued  as  a  leaflet,  on  the  means  for  the  pro- 
tection of  the  workers,  giving  advice  as  to  the 
position  of  roentgen-ray  rooms,  their  ventila- 
tion and  cubic  space,  and  on  the  need  for 
making  and  observing  rules  governing  the 
hours  of  work,  outdoor  exercise  and  holidays 
of  workers.  The  committee  intends  to  collect 
data  on  the  effect  of  irradiation  with  particular 
reference  to  protection;  to  carry  out  special 
research ;  to  act  in  a  consultative  and,  possibly, 
advisory  capacity,  and  to  publish  reports  from 
time  to  time. 

Funk,  Elmer  H.  Malignant  Diseases  of  the 
Lung.  {Med.  Clin.  N.  Am.,  March,  1920, 
p.  1197.) 

New  growths  are  not  frequent  in  the  lung, 
and  are  often  mistaken  for  pulmonary  tuber- 
culosis. "Among  1200  patients  sent  into  the 
wards  of  the  chest  department  of  the  Jefferson 
Hospital  with  the  diagnosis  of  advanced  tuber- 
culosis, y2  or  6  per  cent  were  incorrectly  diag- 


nosed and  of  this  number  5  were  instances  of 
malignant  disease  of  the  lung."  Among  551 
postmortem  cases  collected  by  Ash  from  differ- 
ent tubercular  institutions,  61  were  non-tuber- 
cular; II  per  cent  of  these  were  primary  neo- 
plasms. Passler  from  a  total  of  1000  autopsies 
found  16  primary  carcinoma,  and  5  primary 
sarcoma  of  the  lung;  Seydel,  184  malignant 
tumors  of  lung  and  pleura  from  10,829  autop- 
sies ;  16.8  per  cent  were  primary,  83.2  per  cent 
secondary.  Adler,  374  cases  of  primary  carci- 
noma, 90  were  sarcoma.  "Secondary  carcinoma 
may  arise  from  an  initial  focus  in  the  abdomen 
or  from  extension  of  a  mammary,  esophageal 
or  thyroid  tumor.  Metastatic  sarcoma  most 
often  originates  from  a  primary  growth  in  one 
of  the  long  bones." 

As  yet  there  is  no  known  primary  cause  of 
malignant  tumors.  For  several  years  trauma 
in  various  forms  has  often  been  observed  to 
precede  the  malignant  disease.  Irritation,  such 
as  dust,  etc.,  has  also  been  thought  to  play  a 
part,  and  may  account  for  the  predominance 
of  the  disease. 

The  symptoms  may  be  latent.  However,  in 
most  instances,  especially  in  the  primary 
growths,  there  are  definite  signs  and  symptoms. 
These  depend  upon  the  size,  origin,  situation 
and  rate  of  growth  of  the  tumor.  The  local 
symptoms  are  shortness  of  breath,  cough,  pain 
and  pressure  effects.  The  general  symptoms  are 
progressive  weakness,  loss  of  weight,  second- 
ary anemia,  etc. 

RoY  G.  Giles. 

Knox,  R.,  London.  X-Rays  in  the  Diagnosis 
of  Tumors  of  the  Thorax.  {Brit.  M.  J.,  1920, 
ii,  392-395-) 

Knox  classifies  tumors  of  the  thorax  as :  ( i) 
intrathoracic;  (2)  extrathoracic ;  (3)  both 
extra-  and  intrathoracic.  Benign  and  malig- 
nant conditions  of  the  skin,  soft  parts  and  bony 
parts,  capable  of  casting  a  moderately  dense 
shadow  on  the  negative,  are  described.  Also 
those  of  the  internal  organs  of  the  thorax, 
mediastinum,  heart  and  pericardium. 

The  exact  determination  of  origin  and  site 
of  tumors  of  the  thorax  will  always  be  difficult 
and  at  times  impossible.  The  majority  of  intra- 
thoracic tumors,  however,  arise  from  the  me- 
diastinum. Broadly  speaking,  an  extension  out- 
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ward  from'  the  mediastinum  will  indicate  the 
presence  of  a  tumor,  excluding  the  benign  form 
tumor,  such  as  aneurysm,  hydatid  cyst.  The 
cause  of  such  shadows  in  the  order  of  their  fre- 
quency will  be  found  to  be  tuberculosis,  .carci- 
noma, and  sarcoma. 

Tuberculosis  may  give  rise  to  very  definite 
enlargement  of  the  hilus  shadows.  Tubercu- 
losis of  the  root  glands  and  mediastinum  of 
long  standing  is  accompanied  by  degenerative 
changes. 

Carcinoma,  though  rarely  primary,  is  prob- 
ably the  most  common  of  the  primary  neo- 
plasms. It  is  not  infrequently  secondary.  The 
history  is  important.  The  median  shadow  is 
nearly  obliterated.  There  is  frequent  involve- 
ment of  pleura  and  very  little  of  lung  left.  It 
is  often  unilateral. 

Sarcoma  may  be  primary  or  secondary.  It 
usually  arises  in  the  mediastinum  and  fre- 
quently from  the  thymus  gland,  and  the  edges 
are  irregular. 

Secondary  sarcoma  are  common.  They  show 
large  bulging  shadows  distorting  the  larger 
shadows  of  the  structures  in  that  region.  The 
masses  are  larger ;  the  density  and  the  edges 
are  more  uniform  than  ,carcinoma  and  the 
nodules  are  not  so  numerous. 

Syphilis  occasionally  may  involve  the  lung 
or  bronchi,  occurring  in  two  forms,  interstitial 
and  gumma. 

Tumors  arising  in  mediastinum  are  prone  to 
give  shadows  similar  to  those  of  an  aneurysm, 
endothelioma  or  sarcoma.  The  one  differential 
point  of  value  is  the  character  of  the  pulsation 
observed  in  the  tumors.  Rarely  aneurysm  and 
tumors  may  o.ccur  in  the  same  case. 

R.  G.  G. 

Mayo,  Charles  H.  The  Thyroid  and  its  Dis- 
eases. (Surg.,  Gynec.  &  Obst.,  March,  192 1.) 

The  work  of  Kendall  has  resulted  in  explain- 
ing the  chemical  nature  of  the  secretion  of  the 
thyroid.  The  present  standardizing  of  the  effect 
of  the  thyroid  secretion  on  metabohsm  is 
largely  due  to  the  work  of  Plummer,  aided  by 
Boothby  and  Sandiford.  The  latter's  reports 
are  based  on  about  18,000  metabolic  tests. 
They  not  only  confirmed  that  hypofunction  of 
the  thyroid  lowers  the  metabolic  rate  and 
hyperfunction  raises  it,  but  by  using  Kendall's 
pure  thyroxin  they  have  definitely  ascertained 
the  amount  of  thyroxin  in  the  body,  the  amount 


normally  in  the  gland,  the  amount  necessary  to 
bring  a  hypothyroidism  to  normal  and  the 
amount  used  up  each  day  by  the  body. 

It  appears  that  the  thyroid  secretion  makes 
available  the  energy  of  the  cells  of  the  body. 
This  gland  enables  the  individual  to  develop  an 
available,  active,  iodinized  secretion  from  the 
iodides  of  the  food. 

Iodine  is  notably  deficient  in  the  thyroid 
gland  in  exopthalmic  goiter  and  is  variable  in 
the  gland  of  adenoma  with  hyperthyroidism. 
The  ultimate  cause,  however,  of  hyperth}Toid- 
ism  is  still  elusive.  It  may  be  in  the  chemistry 
of  infection,  toxemia  produced  within  the 
gland  or  at  a  distant  focus,  or  a  chemical  stim- 
ulant. Plummer  has  shown  that  the  condition 
resembling  exopthalmic  goiter  and  known  as 
pseudo-Graves'  Disease,  etc.,  is  really  hyper- 
thyroidism due  to  adenoma. 

One  type  of  hyperthyroidism  occurs  in  goi- 
ters of  long  standing,  fourteen  to  twenty  years, 
and  is  not  accompanied  by  exopthalmos.  The 
average  age  of  these  patients  on  appearance  of 
hyperthyroidism  is  forty-three  and  their  aver- 
age age  at  operation  is  forty-eight.  In  exopthal- 
mic goiter  the  average  age  is  thirty-six  years. 
Diagnosis  can  usually  be  made  from  the  signs 
and  symptoms  and  determination  of  the  basal 
metabolic  rate.  The  lymphocyte  changes  noted 
by  Kocher  are  not  reliable.  Epinephrin  in- 
jections recommended  by  Goetsch  are  likely  to 
be  misleading  and  may  produce  dangerous  re- 
actions. 

The  average  age  of  patients  at  operation  is 
between  thirty-one  and  thirty-six,  but  he  has 
seen  a  few  cases  between  five  and  ten  and  a 
few  between  fifty  and  sixty. 

The  treatment  in  the  adolescent  period  of 
simple  goiters  that  do  not  spontaneously  dis- 
appear is  iodine,  thyroid  secretion,  or  thyroid 
products. 

Operation  is  advised  at  any  age  in  cases  of 
round  encapsulated  adenoma  causing  distress. 
Partial  removal  of  both  lobes  with  removal  of 
isthmus  is  performed  for  goiter  of  long  stand- 
ing or  one  resisting  treatment. 

Cancer  of  the  thyroid  is  rare.  The  rapidly 
growing  hard  gland  if  smooth  and  even  is  prob- 
ably due  to  hemorrhage  in  the  gland  structure. 
A  hard  symmetrical  small  gland  that  is  not  ex- 
opthalmic is  possibly  tuberculous. 

Operations  in  the  early  stage  of  exophthal- 
mic goiter  should  be  as  safe  as  those  in  simple 
goiter.  Patients  with  exophthalmic  goiter  pass 
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through  exacerbations  and  remissions ;  during 
exacerbations  they  should  be  medical  and  sur- 
gical patients,  and  if  necessary  treated  by  liga- 
tion, ;r-rays,  hot  water  injections,  and  rest. 

A  patient  with  about  plus  66  metabolic  rate 
who  has  survived  a  recent  exacerbation  is  a 
better  surgical  risk  than  one  with  rate  of  plus 
46  who  is  on  the  rising  wave  of  exacerbation. 
With  .jr-ray  treatment  remission  may  occur  just 
as  it  occurs  without  treatment  or  with  several 
other  methods  of  treatment.  The  writer's  ex- 
perience has  been  failure  or  but  temporary  ben- 
efit from  :r-ray  treatment.  It  is  possible  that 
.r-ray  treatment  may  destroy  the  gland  and 
produce  hypothyroidism.  He  states  that  it  is 
difficult  to  regulate  the  dosage  and  that  its  use 
adds  to  the  difficulties  of  operation.  He  hopes 
that  radiotherapy  may  be  developed  into  a  safe 
and  effective  method  of  securing  a  cure  or  re- 
lief in  preparation  for  surgery. 

A.  C.  C. 

Case,  James  T.  Surgical  Physiology  and  Path- 
ology of  the  Colon  from  the  X-Ray  Stand- 
point. (A^.  York  State  J.  M.,  xxi,  No.  5,) 

The  paper  is  confined  to  a  study  of  colonic 
peristalsis  under  normal  and  pathological  con- 
ditions, and  to  the  diagnostic  and  operative 
errors  into  which  one  may  be  led  if  unaware 
of  the  changing  appearance  of  the  colonic 
shadow  during  peristalsis.  Emphasis  is  laid 
upon  the  prolonged  stay  of  food  residues 
in  cecum  and  proximal  colon,  right-sided 
pain,  distention  and  fullness  suggesting  appen- 
diceal involvement,  due  to  some  obstructing 
organic  or  functional  lesion  in  the  distal  colon 
or  rectum,  and  to  the  importance  of  studying 
the  entire  colon,  including  pelvic  loop  and  rec- 
tum, before  accepting  as  the  explanation  of 
right-sided  pain  such  rare  lesions  as  adhesions 
of  the  terminal  ileum  or  cecum,  fixation  of  the 
appendix,  so-called  Jackson's  membrane,  he- 
patocolic  bands,  or  ptosis  of  the  transverse 
colon. 

The  outline  of  the  normal  colon  is  variable 
and  ever  changing.  On  palpation  under  the 
fluoroscopic  screen  the  mobility  of  all  parts  of 
the  colon  can  be  demonstrated.  The  position 
and  shape  of  the  transverse  colon  is  especially 
variable,  undergoing  a  turning  snakelike  move- 
ment and  suffering  considerable  dislocation 
without  propulsion  of  its  contents.  Surgical 
procedure  which  aims  to  fix  this  portion  of  the 


bowel  is  discredited  as  interfering  with  the 
normal  movement. 

The  prevailing  movement  in  the  proximal 
colon  is  antiperistaltic,  tending  to  retain  mater- 
ial in  the  .cecum.  The  distal  colon  has  as  its 
characteristic  activity  a  churning  and  onward 
movement.  Haustral  churning  occurs  con- 
stantly in  the  distal  colon.  The  principal  pro- 
pulsive movement  of  the  colon  is  the  spontan- 
eous large  contraction  activity  to  which  the 
term  "spontaneous  mass  movements"  is  ap- 
plied. The  bowel  outline  suddenly  loses  its 
haustral  markings  and  takes  the  shape  of  an 
ovoid  elongated  sausage-shaped  mass  with 
smooth  edges,  rounded  to  the  ends.  This  mass 
at  once  begins  to  move  at  about  twice  the  rate 
of  a  peristaltic  wave  in  the  stomach,  the  rate 
and  distance  traversed  varying  according  to 
the  case.  When  it  comes  to  rest  the  mass  re- 
sumes its  haustral  markings. 

During  and  following  the  opaque  enema  one 
frequently  sees  a  large  ring  constriction  pass- 
ing along  the  colon  distalwards  and  sometimes 
in  the  antiperistaltic  direction. 

These  various  phenomena  may  lead  to  diag- 
nostic errors : 

1.  Pseudo-filling  defects  due  to  peristaltic 
activities  simulating  the  defect  produced  by 
neoplasm. 

2.  Proximal  colon  stasis,  especially  cecal 
stasis  due  to  exaggerated  antiperistalsis  which 
may  be  incorrectly  attributed  to  membrani- 
form  or  band  adhesions  involving  the  cecum, 
ascending  colon  or  hepatic  flexure,  or  the  sup- 
posed prolapsus  of  the  transverse  colon. 

3.  A  point  of  arrest  in  the  transverse 
colon  just  proximal  to  the  midline  which  may 
be  erroneously  attributed  to  organic  obstruc- 
tion. 

The  evidence  obtained  by  .r-ray  study  con- 
stitutes only  one  part  of  the  medical  examina- 
tion of  the  patient,  and  should  be  interpreted 
in  the  light  of  the  history  and  other  physical 
and  laboratory  findings. 

L.  R.  Sante. 


Hawks,  John  B.,  2D.  Broncho-Esophageal  Fis- 
tula and  Traction  Diverticulum.  {Am.  J.  M. 
Sc,  June,  1921,  clxi.  No.  6,  791.) 

Broncho-esophageal  fistula  is  a  rare  con- 
dition in  itself  but  traction-diverticulum  is  even 
more  so.  Traction  diverticula  are  situated  in 
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the  anterior  wall  of  the  esophagus  near  the  bi- 
furcation of  the  trachea  and  result  usually 
from  the  extension  of  inflammatory  lesions  of 
adjacent  lymph  glands  with  adhesions  and  sub- 
sequent cicatricial  contraction  by  which  the 
wall  of  the  esophagus  is  drawn  out.  The  diag- 
nosis is  readily  made  with  opaque  meal  and 
jtr-ray  examination.  The  condition  may  be  sus- 
pected clinically  but  usually  a  fluoroscopic  ex- 
amination is  necessary  to  confirm  the  diag- 
nosis. One  case  of  ordinary  broncho-esopha- 
geal  fistula  following  a  long  abscess  and  one 
of  true  traction  diverticulum  are  described. 

Case  I.  Pulmonary  symptoms  continued  for 
eleven  months  after  pneumonia.  A  consolida- 
tion of  the  right  lung  with  abscess  formation 
was  demonstrated  radiographically.  Soon  after 
this  examination  the  patient  began  coughing  up 
large  amounts  of  pus  which  occasionally  was 
blood-streaked.  He  was  operated,  ribs  resected 
and  the  abscess  drained.  One  week  later  par- 
ticles of  food  taken  by  mouth  were  recovered 
from  the  chest  wound,  and  the  .s;-ray  exami- 
nation definitely  demonstrated  a  broncho- 
esophageal  fistula.  The  discharge  of  material 
from  the  wound  gradually  lessened  until  it 
healed  spontaneously  about  two  months  later. 

Case  2.  The  onset  of  the  trouble  followed  an 
attack  of  influenza  in  1916.  After  several 
months'  illness  the  patient  had  a  large  pulmon- 
ary hemorrhage.  Following  this  she  suffered 
from  hemorrhages  for  the  next  three  years, 
being  very  nervous,  prostrated  and  much  under 
weight.  Physical  examination  at  that  time 
showed  no  evidence  of  abnormality  except  in 
the  lungs.  There  was  fairly  definite  evidence 
of  an  old  tuberculosis  in  the  right  middle  and 
upper  lobes.  An  increase  in  peribronchial  mark- 
ings was  present  especially  in  the  region  of  the 
middle  lobe,  and  near  the  mid  portion  of  the 
lung  near  the  hilus  a  well-defined  cavity  was 
present.  There  was  an  associated  interlobar 
thickening  of  the  pleura.  This  diagnosis  of 
tuberculosis  was  made  in  spite  of  the  repeated 
negative  sputum  examinations.  Sometime  more 
than  a  year  later  the  patient  complained  of 
small  particles  of  food  being  coughed  up  in- the 
sputum  several  hours  after  ingestion.  X-ray 
examinations  showed  that  while  a  large  amount 
of  the  barium  meal  entered  the  stomach 
through  the  esophagus,  a  small  portion  re- 
mained in  a  shelf-like  ridge  over  the  lower  end 
of  the  esophagus  and  part  of  the  barium  went 
into  the  cavity  in  the  right  lung.  For  six  months 


following  the  barium  meal  only  one  slight  hem- 
orrhage o,ccurred ;  this  was  a  mucli  longer  per- 
iod than  had  ever  elapsed  before  without  a 
hemorrhage. 

The  impressions  that  come  from  this  case 
have  convinced  the  writer  that  all  cases  of 
pulmonary  hemorrhage  in  which  repeated 
sputum  examinations  are  negative  should  be 
studied  closely  for  other  causes.  That  foreign 
material  may  enter  the  lung  with  impunity  and 
cause  no  serious  damage  is  quite  evident. 

L.  R.  S. 


Weibel.  Vienna.  Treatment  of  Cancer  of  the 
Uterus  with  the  Symmetry  Apparatus. 
(U'ien.    klin.    Wchnschr.,    June    2,    1921.) 

This  apparatus  was  devised  by  Wintz  and 
Baumeister  of  Erlangen  and  has  been  tested 
in  the  II  Gynecological  Clinic  at  Vienna.  Since 
the  autumn  of  1920  nine  operable  and  six  inop- 
erable cases  of  .cancer  of  the  cervix  have  been 
treated.  Of  the  first  series  three  seem  to  be 
complete  cures,  although  a  biopsy  of  the  tumor 
site  shows  a  dubious  condition  of  the  epithe- 
lium. A  fourth  is  on  the  way  to  recovery,  while 
of  the  other  five  some  are  refractory  to  treat- 
ment, and  others  of  too  recent  date  to  be  dis- 
cussed. Of  the  six  operable  cases  one  half  are 
doing  excellently.  In  discussion  Neu-Wirth  ex- 
pressed the  opinion  that  tlie  symmetry  appa- 
ratus had  been  thrust  too  far  in^he  foreground. 
Irrespective  of  what  apparatus  is  used  the  same 
results  may  be  obtained  if  the  tension,  hardness 
of  tube  and  filtration  are  the  same  in  all.  He 
enumerates  a  number  of  apparatus  on  the  mar- 
ket which  give  equal  results  under  the  same 
conditions.  A  good  operator  will  get  the  desired 
deep  action  from  any  one  of  them.  The  sym- 
metr}'  apparatus  simply  has  a  big  advertising 
campaign  behind  it.  One  is  not  called  on  to  ad- 
vertise some  manufacturer  but  simply  to  men- 
tion the  tension,  dose,  filtration,  etc.  Latzko 
would  invert  the  usual  recommendation  of  ab- 
dominal radical  operation  for  advanced,  and 
vaginal  for  beginning  cancer  of  the  cervix.  By 
doing  the  radical  operation  in  the  beginning 
case  he  would  expect  a  very  low  operative  mor- 
tality. 

The  advanced  case  he  would  treat  by  radia- 
tion with  selected  use  of  the  amplified  vaginal 
operation  under  local  anesthesia.  He  endorses 
the  Erlanger  technique. 
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Translations  and  Abstracts 


BiRCH-HiRSCHFiELD.  LesioHs  Produced  in  the 
Human  Eye  by  Roentgen  Rays.  (Ztschr.  f. 
Augenheilkunde,  1921,  xlv,  199.) 

The  question  of  the  action  of  the  jir-ray  on 
the  eye  is  highly  practical  because  this  resource 
is  beginning  to  be  used  in  such  affections  as 
glioma  of  the  retina  and  sarcoma  of  the  chor- 
oid. Many  have  affirmed  that  intense  radia- 
tion is  harmless  to  the  normal  eye.  The  author, 
however,  showed  some  years  ago  that  this 
statement  is  too  optimistic.  Alterations  may 
take  place  in  the  episcleral  vessels,  iris  and  ret- 
ina and  endothelium  of  the  cornea.  Recently 
his  early  labors  have  been  fortified  by  results 
seen  in  two  new  cases  which  are  the  subject  of 
the  present  paper.  In  the  first,  a  man  of  twenty- 
eight,  who  had  lost  an  eye  in  childhood  through 
traumatism,  had  recently  noted  diminished  vis- 
ion in  the  remaining  eye.  Examination  showed 
the  presence  of  a  tumor  of  the  choriod.  During 
ten  days  the  patient  received  600  Fiirstenau 
units  with  a  Coolidge  tube,  with  a  3  mm.  al- 
uminum filter.  Superficial  opacities  of  the  cor- 
nea and  conjunctival  injection  resulted,  which 
disappeared  shortly.  A  second  session  the  fol- 
lowing month  was  followed  by  photophobia, 
lacrimation  and  pain.  The  skin  of  the  eyelids 
was  inflamed,  the  eyelashes  dropped  out,  and  a 
multitude  of  punctiform  opacities  appeared  in 
the  cornea,  having  originated  in  the  epithelium 
penetrating  deeply  into  the  stroma.  The  con- 
junctiva was  much  injected  and  the  episcleral 
vessels  showed  alternate  contraction  and  dila- 
tation. The  iris  and  lens  seemed  normal.  While 
regression  was  in  evidence  by  the  third  week, 
some  months  elapsed  before  conditions  became 
quite  normal.  A  third  session  was  undertaken 
after  all  reaction  symptoms  had  subsided,  with 
similar  consequences.  The  tumor  was  arrested 
in  its  growth  and  reduced  in  size.  In  the  second 
case  the  affected  eye  was  sound  and  had  been 
exposed  to  the  rays  without  any  protection,  in 
connection  with  the  radiation  of  an  epitheloma 
of  the  upper  eyelid.  Five  treatments  were  given 
during  a  year,  each  lasting  forty-five  minutes, 
without  the  production  of  any  reactive  changes 
in  the  eye.  However,  two  weeks  after  radiation 
there  were  headache  and  fever,  and  after  each 
consecutive  session  progressive  intensification 
of  these  symptoms  with  corresponding  diminu- 
tion of  vision.  The  tumor  disappeared  but  the 


bulbus  oculi  was  left  edematous,  with  dilated 
and  tortuous  vessels,  and  there  were  both 
superficial  and  deep  turbidity  of  the  cornea,  the 
pupil  dilated  and  the  anterior  chamber  shallow. 
Intra-ocular  tension  was  40  mm.,  vision  nil. 
The  pains  in  the  eye  did  not  yield  to  miotics 
and  it  became  necessary  to  enucleate.  The  pa- 
pilla was  found  to  be  excavated  and  there  were 
minute  hemorrhages  in  the  retina.  The  condi- 
tion was  pronounced  to  be  glaucoma.  Since  the 
.r-rays  have  recently  been  recommended  for 
this  affection  the  experience  of  the  author  ap- 
pears to  show  that  this  advice  is  premature 
unless  perhaps  vision  is  already  lost. 

Menard  and  Postel  and  Contremoulins. 
Dangers  of  Radiography  to  Third  Persons. 
{Presse  med.,  May  11,  1921,  xxix,  38.) 

Menard  and  Postel  mention  in  their  article 
the  danger  to  which  the  medical  men  who  are 
permanently  in  charge  of  x-vzy  laboratories 
are  exposed.  They  are  constantly  exposed  to 
the  rays,  and  to  protect  them  it  is  customary  to 
place  the  tube  in  a  capsule  which  absorbs  the 
rays,  the  absorptive  power  of  which  varies 
with  the  potency  of  the  ray  to  be  used.  In  the 
most  powerful  French  installation  the  tube  is 
placed  in  a  large  capsule  of  special  make  which 
allows  a  filtration  of  only  36  millionths'  of  the 
initial  intensity.  Contremoulin  believes  that 
.r-rays  may  be  propagated  to  a  considerable 
distance  and  still  preserve  their  heterogenous 
character.  He  showed  on  April  25th,  before  the 
Academy  of  Sciences,  teleradiographs  taken 
at. a  distance  of  from  40  to  80  meters  with  a 
Coolidge  tube  and  with  a  spark  length  of  17  cm. 
The  clear  definition  and  marked  contrast  of 
these  plates  were  surprising.  Rays  traversing 
this  distance  are  readily  absorbed  and  must  in 
consequence  exert  a  biological  action.  The 
author,  disbelieving  in  the  impermeability  of 
partitions,  placed  the  tube  at  a  distance  of  15 
meters  from  a  brick  and  stone  wall  50  cm. 
thick,  behind  which  he  placed  a  sensitive 
plate.  Four  hours  later  the  plate  was  com- 
pletely fogged.  If  such  results  can  be  obtained 
with  the  softer  rays  used  in  radiography  and 
of  medium  intensity,  one  should  be  alarmed 
at  the  thought  of  the  effect  of  the  200,000 
volts  used  in  deep  radiography  in  some  French 
installations. 
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AN  UNUSUAL  CASE  OF  PULMONARY  NEOPLASM* 

By  J.  S.  PRITCHARD,  m.d. 

Department  of  Diseases  of  the  Chest,  Battle  Creek  Sanitarium 

BATTLE    CREEK,    MICHIGAN 


/^  N  June,  24,  1 91 9,  a  student  nurse, 
^^  single,  age  twenty-three,  was  referred 
to  my  department  for  a  chest  examination 
on  account  of  cough  and  blood-streaked 
sputum,  associated  with  afternoon  tempera- 
ture of  100°  to  101°  and  pulse  of  96  to  108. 
These  symptoms  had  existed  for  the  past 
ten  days. 

Prior  to  the  above  history  the  patient  had 
always  been  well  except  for  the  usual  dis- 
eases of  childhood  and  two  abortive  attacks 
of  what  simulated  appendicitis.  Nineteen 
months  prior  to  the  present  indisposition  the 
patient  was  carefully  examined  before  en- 
tering the  Nurses'  Training  School,  which 
showed  the  following  results : 

Family  History. — One  brother  had  tuber- 
culosis of  the  hip  and  made  a  satisfactory 
arrest. 

General  Condition. — Height  5  feet,  7 
inches,  weight  125  pounds,  temperature  98°, 
pulse  84.  Well  developed,  reflexes  normal. 
No  glandular  enlargement;  no  abdominal 
tenderness.  Pelvic  examination  revealed  no 
abnormality.  In  the  physical  examination  of 
the  chest  no  cardiac  or  pulmonary  irregu- 
larities were  noted. 

Fluoroscopic  study  of  the  chest  revealed 
no  abnormal  diaphragmatic  or  cardiac  irreg- 
ularities in  size,  shape  or  movements,  while 
the  hilar  shadows  were  reasonably  normal. 

*  Report   of   a  case    presented   before   the  Kent   County 


Laboratory  Findings. — Urine  negative. 
Red  blood  count  3,800,000.  Hemoglobin  85. 
White  blood  count  8,600.  Wassermann  neg- 
ative. No  respiratory  symptoms. 

The  present  symptoms,  which  occurred 
nineteen  months  after  the  original  examina- 
tion, were  rather  abrupt  in  onset,  except  that 
for  the  past  two  or  three  months  the  patient 
had  noticed  a  slight  tendency  to  cough.  This 
symptom  was  often  associated  with  what  the 
patient  described  as  "wheezes"  in  the  throat. 
For  the  past  ten  days  a  slight  cough,  ac- 
companied with  some  blood-tinged  ex- 
pectoration and  an  afternoon  temperature  of 
99.2°  to  100°  F.,  had  been  present. 

Physical  examination  of  the  chest  re- 
vealed moist  rales  over  the  front  and  back  of 
the  right  hilum.  Fluoroscopic  study  .showed 
an  enlarged  right  lung-root  shadow.  Stereo 
plates  revealed  a  small,  distinct,  clean-cut, 
rounded  shadow  in  the  upper  part  of  the 
right  lung  root.  This  shadow  measured  3.5 
cm.  in  width  and  was  spheroidal  in  shape 
(Fig. i).  Sputum  contained  no  acid-fast 
bacilli  or  elastic  tissue.  Wassermann  nega- 
tive. Complement  fixation  test  for  T.B.  neg- 
ative. No  leukocytosis  or  eosinophilia. 

The  patient  was  placed  on  absolute  rest 
treatment  and  all  symptoms  subsided  rap- 
idlv,  entirely  disappearing  in  two  weeks  or 
approximately  four  weeks  from  the  appear- 

?iledicf.l  Society,    Grand    Rapids,    Micb.,    April    13,    1921. 


555 


An  Unusual  Case  of  Pulmonary  Neoplasm 


Fig.  I.  Stereo  plates  showing  a  small  rounded  sh  dow   in   the  upper  part   of   the   right   lung   root. 


ance  of  the  first  symptoms.  The  patient  re- 
sumed her  duties  as  pupil-nurse  and  worked 
steadily  without  interruption  or  indisposi- 
tion, except  for  a  slight  unproductive  cough, 
until  April  7,  1920,  a  period  of  nearly  ten 
months,  when  she  had  a  recurrence  of  her 
former  symptoms.  These  again  disappeared 
after  ten  days'  rest  in  bed.  Stereo  plates  at 
this  time  showed  that  the  right  hilar  shadow 
had  about  doubled  in  size  (7  x7^4  cm. ;  Fig. 
2).  A  few  sibilant  rales  were  heard  over  the 
corresponding  surface  area  in  front.  No 
leukocytosis.   No  eosinophilia.    Complement 


fixation  for  T.B.  negative.  Complement  fix- 
ation with  \\'ineberg's  antigen  for  echino- 
coccic  infection  negative.  Wassermann  neg- 
ative. No  acid-fast  bacilli  were  found  in  the 
sputum. 

On  July  2,  1920.  the  patient  resumed  her 
duties  and  remained  free  from  symptoms 
and  apparently  well,  except  for  a  slight 
cough,  for  the  next  ten  weeks.  A  moderate 
hemoptvsis  occurred  a  few  nights  later,  fol- 
lowed bv  a  decided  rise  in  temperature 
(104°  F. ).  Three  weeks'  rest  in  bed  resulted 
in  the  disappearance  of  the  symptoms,  and 


Fig.  2.  Stereo  plates  taken  ten  months  later,  showing  increase  in  the  abnormal  shadow. 
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Fig.  3.  Stereo  plates  taken  ten  weeks  later,  showing  an  extension  of  the  pathology  to  the  pleura. 


another  investigation  at  this  time  showed  a 
definite  increase  in  the  thoracic  growth,  it 
now  measuring  12  cm.  across  and  10  cm.  on 
a  vertical  plane  and  extending  to  the  pleura 
(Fig.3).  The  rales  had  correspondingly  in- 
creased in  area. 

After  the  third  attack,  the  patient  went 
home  and  rested  for  a  while,  returning 
about  the  middle  of  September,  1920.  Two 
months  later  she  was  again  referred  to  me 
on  account  of  an  increased  pulse  rate,  fever 
and  expectoration.  An  examination  showed 
the  pulmonary  pathology  had  increased  to 


such  an  extent  as  to  occupy  most  of  the 
right  thorax  except  the  apex  and  the  costo- 
phrenic  angle  (Fig.  4). 

After  some  subsidence  in  the  clinical 
symptoms,  the  patient  was  sent  to  Dr.  Emil 
Beck  of  Chicago  for  an  opinion  relative  to 
surgical  interference. 

Up  to  this  time,  sixteen  months  after  the 
initial  attack,  we  were  not  able  to  make  a 
diagnosis,  but  gave  the  following  opinion: 
"We  are  unable  to  determine  the  type  of 
chest  pathology  but  advise  surgical  inter- 
ference." Dr.  Beck  carefulK'  studied  the  case 


Fig.  4.  These  plates  were  taken  eight  weeks  later  or  about  fifteen  months  after  the  first  roentgen- 

ray  findings   (Fig.  l). 
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Fig.  5.  Six  inches  of  the  fifth,  sixth  and  seventh   ri1)S   was   resected   and    siKer   nitrate   applied   to 

pleural  surfaces,  so  as  to   secure  adhesion. 


and  agreed  that  surgery  was  imperatixe.  He 
operated  on  the  case  on  October  15,  1920, 
first  resecting  about  6  inches  of  the  fifth, 
sixth,  and  seventh  ribs  overlying  the 
tumor  and  leaving  the  entire  wound  ex- 
posed and  the  skin  flap  rolled  up  for  three 
davs  ( Fig.  5 ) .  In  order  to  obtain  an  ad- 
hesion between  the  pleura  and  the  tumor, 
silver  nitrate  was  applied  to  the  entire  area 
and  surrounded  with  vaseline  gauze.  At  the 
end  of  the  third  day,  the  operation  was  con- 
tinued and  a  purse-string  suture  was  placed 


in  the  tumor  mass  to  prevent  hemorrhage. 
On  opening  the  growth,  a  mass  of  semi-solid 
consistency  resembling  a  myeloid  tumor  or 
soft  sarcoma  was  revealed.  The  entire  sac 
was  evacuated,  the  contents  weighing  about 
800  gm.  (Fig.6). 

Pathological  E.i-amination. — Specimens 
of  the  tumor  were  sent  to  Dr.  A.  S. 
Warthin,  Dr.  Ludwig  Hektoen  and  Dr. 
William  Carpenter  McCarthy.  All  reported 
a  diagnosis  of  spindle  cell  sarcoma. 

The   tumor  cavit\-    (Fig.    7)    was    found 


Fig.  6.  Entire  contents  of   sac  was  evacuated. 
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Fig.   7.   The   cavity  was   found  to  communicate  with  a  hronchus. 


to  communicate  with  the  bronchus,  and 
the  occasional  opening  of  this  probabl}' 
accounted  for  the  periodical  respiratory 
S}mptoms,  which  were  followed  by  a  cessa- 
tion of  the  same  for  long  periods  of  time. 

Three  weeks  after  the  operation,  the  pa- 
tient was  walking  around  the  hospital  and 
had  a  good  appetite,  having  gained  some  6 
poitnds  in  weight.  Radium  was  applied 
to  the  inside  of  the  cavitv,  and  after  regain- 
ing her  normal  weight  the  patient  returned 
U)  Battle  Creek,  where  the  radium  applica- 
tions were  continued. 

The  patient  i-emained  well  until  April  ist, 
when  she  developed  an  afternoon  tempera- 
ture of  about  100°  F.  This  was  the  first  in- 
disposition since  the  operation. 

Examination  showed  no  evidence  of  thor- 
acic tumor,  but  an  attempt  at  reconstruction 
of  the  resected  ribs  was  in  evidence  (roent- 
gen ray ) .  During  all  this  time  the  cavity  was 
dressed  daily  and  drainage  encouraged. 

On  account  of  present  symptoms.  Dr. 
Case  took  sections  of  the  tissue  in  the  cavity 
wall  for  examination,  on  which  Dr.  Warthin 
reported  no  malignancy,  but  a  pyogenic  in- 
fection, from  which  the  patient  is  sufifering 
at  the  present  time. 

Interesting  data  on  the  above  described 
case: 


( 1 )  Unique  onset. 

(2)  Irregularity  of  the  SNinptoni-com- 
plex  acc(>m[)anied  b_\"  long  intervals  of  prac- 
tically normal  health.  This  manifestation 
was  undoubtedly  inflitenced  by  the  presence 
of  the  small  bronchial  fistula  which  opened 
at  intervals  when  the  pressure  within  the 
tumor  reached  its  maximum. 

(3)  The  length  of  time  elapsing  between 
the  initial  attack  and  the  operation  (sixteen 
months )  and  the  physical  capability  of  the 
patient  to  complete  the  last  half  of  her  three 
vears'  course  in  the  Nurses'Training  School. 

(4)  The  similarity  of  the  attacks  in  this 
case  and  those  found  iii  many  cases  of  pul- 
monary titberculosis. 

(5)  The  similarity  of  the  roentgen-ray 
findings  with  those  of  some  cystic  forma- 
tions. 

(6)  The  lack  of  physical  deficiency,  such 
as  loss  of  weight  and  strength  during  the 
sixteen  months  of  tumor  development  and 
partial  destruction. 

(7)  The  ver^•  rapid  reco\ery  after  surgi- 
cal interference. 

XoTE.  Since  reporting  this  case,  Dr.  Emil  Beck  re- 
sected the  free  ends  of  the  divided  ril)s,  thereby 
improving  drainage,  and  the  patient  returned  free 
of  symptoms.  For  the  past  two  months  she  has 
been  at  work  (September  6,  1921). 


DUNHAM^S  FANS  IN  A  ROENTGEN-RAY  STUDY  OF 
GRANITE  DUST  INHALATION 


By  D.  C.  JARVIS,  m.d. 

BARKE,    VERMONT 


INTRODUCTION.— If  there  is  any  one 
-*-  phase  of  king  pathology  that  impres- 
ses itself  upon  the  observer  in  a  roentgen-ray 
study  such  as  the  above,  it  is  the  occurrence 
of  Dunham's  fans.  One  cannot  see  them  ap- 
pear from  day  to  day  upon  the  roentgen- 
ray  films  as  the  examining  work  progresses 
without  being  compelled  to  admit  to  him- 
self that  they  represent  pathology.  Their  uni- 
form shape  and  situation  cause  one  to  study 
them,  and  after  observations  to  make  deduc- 
tions and  draw  conclusions  as  to  their 
method  of  production,  the  reason  for  their 
appearance  and  the  significance  of  their 
presence.  In  examining  hundreds  of  granite 
cutters,  one  is  able  to  select  a  certain  part 
of  the  lung  in  which  a  fan  is  commonly  seen, 
lay  aside  all  such  films,  and  then  have  the 
pleasure  of  studying  the  change  in  density 
of  the  fan  area,  the  increase  in  size,  and 
finally  the  progression  of  the  lesion  in  this 
area  to  the  point  where  the  original  fan  is 
lost  in  the  ever  increasing  size  of  the  density, 
increasing  in  the  same  manner  as  a  river 
overflowing  its  bank. 

Dunliaui's  ll\irk. — The  writer  owes  a 
great  debt  to  Dr.  Kennon  Dunham  of  Cin- 
cinnati, Ohio,  for  exploring  lung  pathology 
and  demonstrating  its  connection  with  the 
shadows  seen  upon  the  roentgen-ray  film. 
Without  his  having  blazed  the  trail,  this 
study  would  have  been  impossible.  Dunham, 
in  1 91 7,  in  his  work  on  stereoroentgenog- 
raphy, entitled  "Pulmonary  Tuberculosis," 
called  attention  to  the  fact  that  the  roentgen 
ray  had  its  limitations.  He  laid  emphasis 
upon  the  fact  that  a  carefully  taken  history 
and  a  thorough  physical  examination  were 
of  the  utmost  value.  At  this  time  he  also 
called  attention  to  the  fact  that  the  tree- 
like shadows  seen  upon  the  normal  chest 
plate  were  due  to  blood-vessels,  bronchi 
and  connective  tissue,  each  tree-like  shadow 


being  a  composite  of  these  three  factors, 
but  that  of  the  three  factors  two  were  con- 
stant and  one  was  variable.  Of  these  three 
the  connective  tissue,  which  represented 
the  variable  factor,  was  the  most  important, 
and  upon  the  amount  present  depended  the 
density  of  the  shadow.  Attention  was  called 
to  the  fact  that  heavy  trunks  in  themselves 
occurred  in  other  diseases  and  did  not  of 
themselves  justify  a  diagnosis  of  tuber- 
culosis. Mention  was  made  of  the  fact  that 
a  plate  having  a  homogeneous  distribu- 
tion of  its  markings  was  not  tuberculosis; 
that  the  most  striking  characteristics  of  the 
tuberculous  picture  are  the  variations  of 
density  change  beyond  the  different  group 
trunks,  in  contrast  to  the  general  homogene- 
ous change  of  other  diseases  which  might 
simulate  tuberculosis.  While  all  these  points 
were  emphasized  by  Dunham,  the  study  of 
dust  inhalation  in  the  granite  industry  by 
means  of  the  roentgen  ray  brings  them  to 
mind  again,  especially  when  it  is  possible  by 
means  of  a  mechanical  irritant  to  produce 
films  paralleling  tuberculosis,  bronchopneu- 
monia and  lobar  pneumonia. 

Lung  Zones. — Dunham  has  divided  the 
lung  field  from  the  sternum  outward  into 
three  zones.  These  zones  are  arcs  of  a  sphere 
extending  from  clavicle  to  diaphragm,  and 
correspond  to  thirds  of  the  lung  field.  They 
have  been  called  respectively  the  hilum  zone, 
mid-zone,  and  peripheral  zone.  Correspond- 
ing to  these  zones  we  notice  the  three  sets  of 
divisions  of  the  bronchial  tree.  At  the  hilus 
we  notice  in  the  hilus  zone  the  root  divisions 
of  the  bronchial  tree  with  trunks  which  are 
seen  in  the  mid-zone  of  the  lung.  These 
trunks  divide  into  branches,  and  the  branches 
into  twigs.  The  branches  lie  mostly  in  the 
mid-zone  area  of  the  lung,  while  the  twigs 
lie  wholly  in  the  peripheral  lung  zone. 


560 


Dunham's  Fans  in  a  Study  of  Granite  Dust  Inhalation 


561 


Situation  of  Fans  in  Pneumoconiosis.- — 
One  notices  first  of  all  a  tendency  to  the 
formation  of  Dunham's  fans  in  the  branches 
of  the  first  and  second  interspace  trunks; 
that  is,  they  are  more  commonly  seen  in  these 
situations,  but  they  occur  in  the  whole  lung 
field  from  the  first  interspace  trunk  to  the 
base,  it  being  possible  apparently  for  the  lung 
field  to  contain  five  of  these  fans  at  the  same 
time,  and  as  this  consumes  the  lung  field 
area  from  clavicle  to  base,  no  room  existing 
between  the  fans  for  the  formation  of  an- 


FlG. 


field  into  zones. 


Other,  it  would  appear  that  no  greater  num- 
ber than  five  is  possible.  These  have  all  their 
bases  toward  the  pleura  and  their  apices 
toward  the  hilus. 

The  Visualization  of  Lymph  Nodules  at 
the  Divisions  of  the  Bronchial  Tree. — In 
searching  the  lung  field  for  a  visualization 
of  Miller's  secondary  lobules,  we  discover 
three  sets  of  areas  of  increased  densities, 
which  one  might  term  proximal,  medial  and 
distal,  situated  respectively  in  the  hilus  zone, 
mid-zone  and  peripheral  zone  of  the  lung 
field.  These  areas  are  not  seen  at  one  and  the 
same  time  unless  the  reception  of  irritant  at 
the  lung  periphery  by  way  of  the  bronchi  has 
been  so  great  and  has  extended  over  such 
length  of  time,  as  to  make  the  functioning  of 
these  areas  necessary  to  receive  irritating 
material  passing  over  a  blocked  lymphatic 
system  on  its  way  back  to  the  tracheo- 
bronchial lymph  nodes.  Krause,  in  a  recent 
number  of  The  American  Reviezv  of  Tuber- 
culosis, has  shown  that  the  pathological  pro- 


cess in  a  lymph  nodule  is  dependent  upon  the 
behavior  of  the  lesion  situated  peripheral  to 
it.  These  areas  which  have  been  mentioned 
are  adjacent  in  the  hilus  zone  to  a  circular 
area  of  lessened  density  surrounded  by  a  thin 
white  line,  the  whole  representing  a  lymph 
nodule  and  a  branch  of  the  bronchial  tree,  the 
bronchus  appearing  as  if  seen  on  end  and 
the  lymph  nodule  appearing  like  the  end  of  a 
cotton  wound  applicator.  The  reason,  it  is 
felt,  that  this  area  represents  a  lymph  nodule 
is  because  in  the  chest  of  the  same  cutter,  by 


Fig.  2.  Five  fans,  taking  up  all  of  lung,  extend  from 
above  downward.  Lowest  fan  points  toward  dia- 
phragm. 

means  of  serial  films,  they  are  seen  disap- 
pearing during  a  strike  lasting  ten  weeks, 
only  to  reappear  when  work  was  re- 
sumed. If  these  areas  always  represented  a 
calcified  gland,  could  they  fill,  empty  and  re- 
fill all  within  the  space  of  nine  months? 
Now,  using  one  of  these  proximal  lymph 
nodules,  as  we  shall  call  them,  for  an  apex 
of  a  triangular  area,  we  shall  find  the  base 
formed  by  two  medial  nodules  of  the  same 
character.  In  turn,  using  one  of  these  medial 
nodules  for  an  apex,  we  shall  again  see  the 
base  of  a  triangular  area  formed  by  two 
lymph  nodules,  but  this  time  they  will  be 
those  of  the  distal  set.  The  sides  of  these  tri- 
angles are  formed  by  linear  densities.  From 
these  triangular  areas,  which  at  first  contain 
the  lung  markings  seen  in  the  lung  as  a 
whole,  we  see  Dunham's  fans  develop.  The 
lung  pathology  from  granite  dust  inhalation 
being  fine  in  its  beginnings  and  generalized 
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in  its  distribution,  its  very  slowness  of  de- 
velopment allows  the  evolution  of  a  fan  to 
be  studied  in  the  same  individual  by  means 
of  serial  hlms. 

Evolution  of  a  Fan. — Let  us  then  describe 
the  evolution  of  a  fan  of  the  right  interspace 
trunk.  With  our  hilus  as  a  starting  point, we 
notice  extending  out  from  it  an  area  of  in- 
creased density.  This  area  may  be  likened  to 
a  roadway  as  reproduced  on  the  map  of  a 
citv.    The    roadway    extends    to    a    medial 
lymph  nodule  which  may  be  considered  a 
junction  of  two  other  roadways  coming  in 
from    the    lung    periphery,    and    from    this 
junction  these  two  roadways  diverge  in  a 
fan-shaped  manner,  each  roadway  ending  in 
a  distal  lymph  nodule.  We  then  have  a  tri- 
angular area  similar  to  the  Flatiron  Build- 
ing in  New  York,  enclosed  by  lines  of  in- 
creased density,  which  we  liken  to  the  road- 
way around  this  building.  Now,  if  we  ex- 
amine these  lines  of  increased  density,  we 
shall  discover  on  their  inner  side  an  area  of 
increased   radiability  which   follows  closely 
along  what  we  have  termed  a  roadway.  We 
might  compare  this  area  to  the  sidewalk, 
onlv  it  is  like  a  sidewalk  at  night,  because 
while  we  know  it  is  there  we  cannot  see  it 
on  account  of  the  darkness.  There  is,  how- 
ever, a  fine  white  line  on  the  inner  side  of 
this   sidewalk   area   which  helps  us  in   our 
orientation.  Now,  supposing  this  triangular 
area  within  the  roadway  and  sidewalk  was 
represented    by    a    vacant    lot,    and    people 
were  being  brought  constantly  to  this  area 
by    a    subway,    what    would    happen?    We 
should  expect  the  congestion  in  the  roadway 
and  sidewalk  to  become  so  great  that  in  a 
short  time  the  vacant  lot  would  be  occupied 
bv  people,  and  if  it  was  looked  down  upon 
from   an   aeroplane   it   would  appear  black 
compared  with  the  surrounding  country.  1)e- 
cause  of  abnormal  activity  in  this  particular 
area.  A  time  would  arrive  when  some  de- 
sired to  leave  this  area,  and  then  the  surface 
methods  of  transportation  would  be  called 
into  activity  greater  than  that  represented  by 
normal  traffic.  If  the  lines  of  transportation 
were    efficient,    the    triangular    area    would 


maintain  its  original  size;  if  not,  there 
would  be  an  overflow  into  the  surrounding 
territory,  and  when  now  viewed  from  an 
aeroplane  the  black  area  would  have  in- 
creased in  size.  Supposing  the  crowd  were 
represented  by  men  only,  then  we  should 
have  no  increase  in  numbers  other  than  from 
incoming  traffic;  but  supposing  both  sexes 
w^re  represented,  in  time  the  numbers  would 
increase  by  means  other  than  incoming  traf- 
fic. By  means  of  this  homely  illustration  an 
endeavor  has  been  made  to  describe  lung 
pathology  as  seen  in  the  making,  by  means  of 
a  roentgen-ray  film,  and  the  very  important 
part  Dunham's  fans  play  in  its  evolution.  If 
we  analyze  this  illustration  we  shall  discover 
that  the  roadways  represent  the  arteries 
about  which  we  have  connective  tissue  form- 
ation. The  sidewalks  are  branches  of  the 
bronchial  tree;  the  crowd  of  men  represents 
our  mechanical  irritant,  such  as  granite  dust, 
and  the  crowd  of  both  sexes  our  bacterial 
irritant.  The  mechanical  irritant  entering  by 
way  of  the  bronchi  is  received  at  the  lung 
periphery  and  leaves  the  lung  in  part  by 
passing  back  toward  the  hilus  by  means  of 
the  lymphatic  system,  while  the  bacterial  ir- 
ritant, if  of  sufficient  virulence,  or  if  the 
lymphatic  system  is  slow  in  filtering  it 
through,  proliferates  in  the  periphery  or 
along  the  Ivmphatic  pathway  and  causes  a 
lesion  there. 

Let  us  call  the  bacterial  irritant  of  high 
virulence  tuberculosis,  lobar  pneumonia,  or 
whatever  you  wish,  and  the  mechanical  ir- 
ritant pneumoconiosis,  or  whatever  you 
wish.  The  bronchial  tract  we  can  liken  to  the 
subwa^•  and  the  lymphatic  system  to  the  sur- 
face cars,  and  the  reason,  it  is  felt,  that  we 
visualize  the  fan-shaped  area  on  the  roent- 
gen-rav  film  is  because  there  is  lack  of  air 
in  the  triangular  area,  producing  naturally 
an  area  of  greater  density. 

Varieties  of  Fans. — There  are  apparently 
two  varieties  of  Dunham's  fans,  the  large 
and  the  small,  the  first  being  most  often  seen 
in  pneumoconiosis  and  the  second  in  tubercu- 
losis. The  term  ''fan"  having  been  used  most 
often    in   conjunction   with   the    subject   of 
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tuberculosis  from  a  roentgen-ray  standpoint, 
it  doubtless  has  been  inferred  that  it  was  a 
pathognomonic  sign  of  tuberculosis ;  but  Dr. 
Dunham's  own  interpretation  of  fans  as 
given  by  him  to  me  is  as  follows:  "Fans 
when  seen  upon  the  ;r-ray  film  are  character- 
istic of  a  lung  lesion  but  not  necessarily 
characteristic  of  tuberculosis.  The  fan  of 
pneumoconiosis  is  larger  and  lies  in  the  mid- 
zone  of  the  lung  field  with  lung  pathology 
in  the  form  of  increased  densities  lying  be- 
tween it  and  the  hilus.   The  characteristic 


Fig.  3.  Divisions  of  linear  markings. 

fan  of  tuberculosis  is  small  in  size,  lies  near 
the  pleura  in  the  peripheral  zone  of  the  lung 
and  is  accompanied  by  a  definite  apical  le- 
sion." 

Significance  of  Appearance. — What  then 
do  fans  suggest  to  us  when  viewing  the 
roentgen-ray  film  ?  Apparently,  by  means  of 
serial  films,  we  are  able  to  demonstrate  in 
granite  cutters  five  stages  of  pathology  wit- 
nessed on  the  films  as  follows:  (i)  Increase 
in  hilus  width  and  density,  giving  evidence  of 
continued  drainage  of  an  irritant  through 
the  lymphatics  from  the  periphery  back  to 
the  tracheobronchial  lymph-nodes.  (2)  In- 
creased width  and  density  of  trunk  mark- 
ings, giving  evidence  of  hyperplasia,  from 
the  passing  of  the  irritant  through  the 
lymphatics.  (3)  The  appearance  of  lung  den- 
sities in  the  situation  of  the  lymph  nodules  at 
the  branching  of  the  bronchi,  these  nodules 
taking  on  their  function  the  same  as  the  cerv- 


ical glands  take  on  theirs.  (4)  The  appear- 
ance of  fans  giving  evidence  of  an  accumula- 
tion of  more  irritant  at  the  periphery  than 
the  lymphatics  draining  that  particular  area 
can  drain  back  to  the  tracheobronchial 
lymph-nodes.  (5)  The  appearance  of  a 
homogeneous  haze  at  the  lung  periphery 
pleural  level,  giving  evidence  that  the  work 
of  draining  the  irritant  back  to  the  tracheo- 
bronchial lymph-nodes  has  become  too  great, 
consequently  a  detour  is  being  made  through 
the  pleural  lymphatics.  It  will  be  seen  that 


Fig.  4.   Showino-  nodes. 

fans  represent  one  of  the  later  stages  of 
lung  pathology  when  seen  in  a  dust  worker, 
and  indicate  a  much-needed  absence  from 
the  occupation  in  order  that  the  lung  may 
have  the  oportunity  of  clearing  itself,  which 
it  makes  a  strenuous  effort  to  do  when  given 
the  chance.  To  the  student  in  economics  it 
indicates  a  much-needed  system  of  dust-re- 
moving devices  in  order  that  the  health  of 
these  dust  workers  be  preserved  and  lung 
pathology,  which  produces  a  physiological 
disability,  be  avoided.  It  seems  like  tempt- 
ing fate  to  interpret  the  causal  factor  of  lung 
densities  when  viewing  a  roentgen-ray  film, 
because  by  means  of  a  mechanical  irritant 
such  as  granite  dust,  it  takes  a  granite  cutter 
thirty  years  to  produce  a  lung  lesion  w^hich 
would  be  diagnosed  if  he  had  constitutional 
symptoms  such  as  lobar  pneumonia.  It  takes 
him  between  twenty  and  twenty- five  years 
to  produce  a  lung  lesion  which  would  be 
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diagnosed  as  bronchopneumonia  if  he  had 
constitutional  symptoms,  and  ten  to  fifteen 
years  to  produce  a  condition  which  would  be 
diagnosed  as  tuberculosis  if  he  had  constitu- 
tional symptoms.  In  addition,  his  films  may 
duplicate  carcinomatosis  and  post-influenzal 
conditions,  all  without  constitutional  symp- 
toms. One  can  imagine  the  difficulties  await- 
ing the  roentgenologist  who  endeavors  to  in- 
terpret the  causal  factor  from  the  evidence 
obtained  from  the  roentgen-ray  film  alone. 
All  the  granite  cutters  referred  to  were 
-t'-rayed,  not  because  they  were  ill  but  be- 
cause their  Union  voted  to  cooperate  in  the 
examining  work  to  the  extent  that  each  cut- 
ter appear  for  examination  in  order  that 
some  idea  might  be  gained  as  to  the  effect  of 
granite  dust  inhalation  on  his  lungs.  They 
were  all  working  and  considered  themselves 
in  good  health.  It  would  then  seem  that  the 
roentgenologist  is  justified  in  reporting  back 
lung  densities,  but  that  the  clinician  should 
assume  the  burden  of  proving  whether  the 
causal  factor  of  the  lung  densities  is 
mechanical,  chemical  or  bacterial. 


SUMMARY 

1.  Dunham  in  his  work  on  "Pulmonary 
Tuberculosis"  emphasized  the  hmits  of  the 
roentgen  ray  in  chest  work,  but  the  roent- 
genologist is  at  times  apt  to  forget  these 
limitations. 

2.  In  the  interest  of  efficiency  it  would 
seem  advisable  to  retain  Dunham's  termin- 
ology. 

3.  Dunham's  fans  may  be  seen  in  pneumo- 
coniosis situated  unilaterally,  bilaterally,  or 
in  any  part  of  the  lung. 

4.  Their  formation  is  one  of  blocking  of 
the  lymphatics  by  the  irritant  in  question, 
producing  hyperplasia  as  a  result  of  its  pas- 
sing through  them. 

5.  They  represent  the  fourth  stage  of  lung 
pathology  in  the  making,  as  its  progress  is 
noted  by  means  of  the  roentgen-ray  film. 

6.  It  would  seem  that  the  proving  of  the 
causal  factor  of  these  fans,  whether  mechan- 
ical, chemical,  or  bacterial,  should  be  as- 
sumed by  the  clinician,  the  roentgenologist 
reporting  back  only  densities. 


REPORT  OF  A  CASE  OF  OSTEOSARCOMA  * 

By  L.  B.  MORRISON,  m.d. 


BOSTON,    MASSACHUSETTS 


1\/r  ALIGNANCY,  whether  in  early  child- 
^^■^  hood,  during  the  period  of  adolescence, 
or  in  adult  life,  has  always  stalked  the  medi- 
cal profession  like  an  insatiable  monster, 
ready  to  devour  and  destroy  life.  Anv 
method  is  sought  to  destroy  it  which  does 
not  entail  too  much  suffering.  To  one  con- 
stantly dealing  with  malignant  disease  comes 
the  oft-repeated  phrase  from  an  anxious 
parent,  husband  or  wife:  "Can't  some- 
thing more  be  done,  Doctor?"  We  eagerly 
turn  to  surgery,  which  has  accomplished  so 
much  in  this  and  other  fields,  but  it  still  fails 
to  fill  the  gap.  In  the  early  stages  of  malig- 
nancy, surgery  is  the  method  of  choice,  but 
there  are  the  pitiful  cases  of  a  malignancy 
too  long  undiscovered  or  too  rapid  in  onset 
and  so  located  that  the  word  "inoperable"  is 
pronounced  with  all  its  menace  of  impend- 
ing disaster,  depicting  the  helplessness  of 
the  surgeon.  By  the  use  of  the  roentgen  ray 
and  radium  a  brighter  future  can  be  assured 
to  many  cases  of  this  type.  Many  can  be 
given  weeks,  months  and  even  years  of  use- 
ful existence  when  otherwise  only  a  life  of 
misery  shortened  by  death  is  the  inevitable 
ending.  In  this  day  of  efficiency,  every  pa- 
tient, whether  afflicted  with  arthritis,  tuber- 
culosis, chronic  heart  disease,  malignancy, 
etc..  should  not  only  be  made  as  free  from 
suffering  as  possible  but  made  as  efficient  as 
possible,  so  that  he  or  she  may,  in  part  at 
least,  earn  a  living  and  be  made  a  producer. 
It  is  always  worth  while  to  do  everything 
possible  in  these  malignant  cases,  because 
frequently  most  surprising  results  are  ob- 
tained. Any  evidence  of  peculiarity  in  the 
behavior  of  a  case  may  be  the  stepping  stone 
to  future  successful  treatment. 

I  wish  to  report  the  following  case  of 
osteosarcoma  of  the  left  femur  in  a  young 
girl  whose  parents  would  not  submit  to  rad- 
ical surgery.  The  growth  was  rapid  and 
emaciation  extreme.  The  case  was  referred 


to  me  for  roentgen  therapy  by  Dr.  Mark 
Rogers  of  Boston. 

Miss  G.  M.,  aged  fourteen,  of  previous 
good  health  and  with  no  history  of  injury, 
during  the  month  of  November,  1918,  began 
to  have  pain  in  the  left  leg  and  knee,  severe 
enough  to  awaken  her  at  night.  She  lost 
weight  rapidly  and  became  emaciated, 
weighing  about  75  pounds,  previous  weight 
116  pounds.  A  roentgenogram  was  taken  at 
the  New  England  Deaconess  Hospital,  Bos- 
ton, and  a  diagnosis  of  sarcoma  made.  An 
exploratory  operation  was  performed  by  the 
attending  surgeon,  December  20,  191 8,  to 
verify  the  roentgen-ray  diagnosis.  Amputa- 
tion was  advised,  but  the  parents  would  not 
consider  amputation.  A  small  section  was 
taken  from  the  growth  and  the  report  of  the 
pathologist  follows: 

Copy  of  Pathological  Report.  G.  M. 

Specimen  from  femur  received  December 
30,  1918. 

A  piece  of  bony  tissue  about  i^  inches  long 
and  /4  inch  thick.  Microscopic  examination 
shows  the  tissue  to  consist  essentially  of  a 
meshwork  of  osteoid  tissue,  the  interstices  of 
which  are  filled  with  connective  tissue  or  a 
generally  cell-rich  tissue.  This  cell-rich  tissue 
in  places  contains  many  vacuolated  cells  sug- 
gesting undifferentiated  cartilage  cells  and 
osteoblasts.  In  a  few  places  the  osteoid  tissue 
gives  place  to  cartilage. 

Diagnosis :  Osteosarcoma. 

Reference  number:  18-585.  (signed)  J. 
Homer  Wright. 

Just  how  malignant  this  type  of  sarcoma 
is  must  be  judged  somewhat  by  the  rapid  in- 
volvement of  the  femur  in  the  eight  to  nine 
weeks  after  onset  and  from  the  pathological 
report  that  speaks  of  a  "generally  cell-rich 
tissue."  Adami^  describes  the  indication  of 
malignancy   in   sarcoma  as    follows:    "The 

^Principles  of  PatholoRy,  Philadelphia,  1908,  Vol.  I, 
Chap.  XX,  p.  700. 


'Thesis    presented    with     application     for    membership    in    THE  American-    Rokntgen     Ray    Society. 
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Figs,  i,  2,  3,  4  and  5  illustrate  the  change  in  the  hone. 
The  small  round  shadows  seen  in  Fig.  5  are  arti- 
facts. Stereoscopic  plates  taken  September  19,  1920, 
show  a  perfect  medullary  cavity  and  no  periostitis. 


tissue  of  origin,  if  it  can  be  determined, 
should  largely  influence  our  diagnosis.  At 
most,  we  can  lay  down  that  the  more  embry- 
onic the  type  of  cell  the  greater  the  presump- 
tive evidence  of  malignancy,  and  that  as  be- 
tween two  tumors  of  the  same  origin  the 
more  vegetative  the  type  of  cell  and  the 
greater  the  departure  from  the  adult  cell 
standard,  the  greater  is  the  malignancy." 

The  patient  came  to  my  office  January  14, 
iQig.  Upon  examination  the  mass  on  the 
femur  could  be  easily  palpated.  This  was 
due  to  the  emaciation  and  size  of  the  growth. 
The  infiltration  in  the  soft  tissues  seemed  to 
involve  the  ujjper  third  of  the  femur,  below 
the  lesser  trochanter.  Plate  taken  at  this  time 
show^s  an  area  of  involvement  of  the  left 
femur,  starting  5  cm.  below  the  lesser  tro- 
chanter and  involving  12  cm.  in  which  the 
shaft,  both  medullary  and  cortical,  is  nearly 
destroyed ;  there  was  also  considerable  pro- 
liferation of  the  periosteum,  particularly  on 
the  inner  side.  The  bone  was  mottled  and 
there  were  areas  of  rarefaction  and  areas  of 
densitv  showing  new  bone  formation.  Treat- 
ment was  instituted,  cross-firing  through  as 
mauA-  portals  of  entry  as  possible,  using  an 
8'/^  inch  spark  gap  with  3  mm.  of  aluminum 
for  filters  and  using  a  10  inch  aiiode  distance. 
The  pubic  and  inguinal  regions  were  also 
cross-fired.  A  full  dose  was  given  over 
each  area.  Soon  after  this  treatment  there 
was  a  pathological  fracture  at  the  site  of  the 
growth  and  the  leg  was  placed  in  a  Thomas 
splint.  The  patient  was  unable  to  be  brought 
in  for  treatment  until  April  12,  1919,  when 
treatment  was  repeated.  The  patient  ys'RS 
next  seen  and  treated  July  11,  191  g;  at  this 
time  there  had  been  a  metastasis  in  the  left 
frontal  and  right  occipital  regions  of  the 
skull,  large,  hard  masses  about  2^  to  3  cm. 
in  diameter.  The  local  physician  had  incised 
the  frontal  area  and  bloody  exudate  was 
found.  Treatment  was  instituted  over  the 
skull  sufficient  to  cause  epilation.  At  this  ob- 
servation there  was  a  slight  dermatitis  over 
the  thigh  with  marked  brown  pigmentation. 
Plates  were  taken  and  treatments  continued 
at  intervals  until  June  i,  1920,  showing  gra- 
dations of  healing,  until  at  the  present  time 
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Fk;.  6.  Fia  7. 

Fig.   6.   Taken   July   11,    1919;   shows  an  irregular  area   of    lione    clcstruotion    in    the   left    frontal    from    a 

metastatic  growth ;  the  area  in  the  occiput  does  not  show,  it  is  seen  only  in  the  anteroposterior  view. 
Fig.   7.  Taken  Decemher  i,  1919;   shows  the  healing  process  well  started  and  shows  the  margin  of  the 

occipital  area. 

there  is  no  evidence  of  malignancy  seen  in  It  is  interesting  to  note  that  the  lesion  in  the 
the  femur.  All  induration  has  left  ahout  the  thigh  was  operated  on  and  a  small  portion 
areas  in  the  skull  and  the  area  in  the  left  removed  for  examination,  though  no  at- 
f  rontal  seems  healed.  As  yet  the  regenerated  tempt  to  eradicate  the  disease  was  made,,  and 
hone  is  not  quite  as  dense  as  the  surround-  later  there  was  a  traumatic  fracture.  The  Ic- 
ing bone.  The  area  in  the  occiput  is  about  sion  in  the  left  frontal  was  incised  and 
two-thirds  healed.  A  careful  examination  of  drained,  while  the  lesion  in  the  occiput  had 
the  skull,  chest,  abdomen  and  extremities  no  surgical  interference,  and  with  the  same 
made  August  19,  1920,  fails  to  reveal  any  dosage  applied  here  as  over  the  frontal,  heal- 
evidence  of  a  recurrence  otherwise  chan  ing  is  slower.  Whether  this  is  just  a  coin- 
noted.  The  patient  is  well,  and  is  having  no  cidence,  or  whether  there  is  definite  value  in 
svmptoms  of  a  pathological  jjrocess  at  the  enough  surgical  interference  to  set  up  an 
present  time.  acute,   inflammatory   process  Ijefore  giving 


Fig.  8.  i^""-  9- 

Fig.  8.  Taken  March  2,  1920;  shows  the  frontal  area  nearly  healed  and  the  area  in  the  occiput. 

Fig.   9.   Taken   May   2^,   1920;   shows  the   frontal   area  nearly  healed  except  in  the  central  portion,  and 

brings  out  the  larger  area  of  the  occipital  growth. 
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Fig.  10.  Fig.  ii. 

Figs,  io  and  ii,  taken  August  19,  1920,  show  the  frontal   area  practically  healed  and   the   slower  healing 

margins  of  the  occipital  growth. 
-Fig.  II.  Taken  August  19,  1920;  shows  the  healing   margins   of   the   occipital    growth. 


treatment,  I  am  unable  to  state.  This  one 
case  suggests  it. 

In  my  review  of  the  Hterature,  although 
it  has  not  been  exhaustive,  I  have  been 
unable  to  discover  similar  cases.  I  report 
this  case  to  illustrate  the  value  of  roentgen 
therapv   in  these   seeminglv  extreme  cases. 


and  also  to  indicate  the  possible  value  of  suf- 
ficient surgical  interference  in  sarcoma  to  set 
up  an  acute  inflammatory  process  before 
treatment  is  instituted,  realizing  that  the 
surgical  rule  is  high  amputation  and  non-in- 
terference with  the  growth  for  fear  of  trans- 
plantation or  metastasis. 


EXTRA  BONES  IN  THE  WRIST  AND  ANKLE  FOUND  BY 

ROENTGEN  RAYS 


By  a.  HOWARD  PIRIE,  m.d. 

MONTREAL,     CANADA 


"T^HERE  are  certain  extra  bones  in  the 
■*■  wrist  and  ankle  which  appear  fairly 
frequently  in  roentgenograms  and  should  be 
familiar  to  surgeons  and  roentgenologists. 
There  are  others  that  are  moderately  rare 
and  still  others  that  are  very  rare. 

The  object  of  this  paper  is  to  state  my  ex- 
perience as  a  roentgenologist  regarding 
these  extra  bones. 

There  are  no  extra  bones  in  the  hand  that 
can  be  said  to  appear  often  in  roentgeno- 
grams, but  in  the  foot  there  are  a  few  fairly 
common,  viz.,  the  os  trigonum,  the  tibiale 
externum,  secondary  os  calcis,  os  peroneum, 
and  another  extra  bone  without  a  name. 

In  the  hand  there  are  two  extra  bones 
which  may  be  considered  moderately  rare, 
viz.,  the  OS  centrale  and  the  os  triangulare. 
All  the  other  extra  bones  are  very  rare. 

Roentgenologists  examine  many  more 
wrists  and  ankles  than  anatomists  do,  and  it 
is  not  surprising  that  extra  bones  considered 
rare  by  anatomists  should  be  found  fairly 
often  by  roentgen  rays. 

Knowing  and  recognizing  these  extra 
bones  become  important  when  the  c{uestion 
of  fracture  arises  and  an  extra  bone  is 
found  to  be  present.  It  has  an  even  greater 
medico-legal  interest  when  an  extra  bone  is 
found  in  a  case  of  suspected  fracture.  I  have 
seen  such  a  bone  and  a  fracture  lying  side 
by  side  and  have  been  able  to  prove  that  the 
extra  bone  was  not  part  of  the  fracture  by 
examining  the  other  wrist  and  finding  the 
extra  bone  present  in  it  also. 

One  is  asked  what  these  extra  bones  rep- 
resent. A  few  of  them  are  explained  by 
comparative  anatomy;  for  instance,  the  os 
centrale  in  the  wrist  is  a  constant  bone  in 
lower  animals  right  up  to  the  monkey.  An- 
other more  general  explanation  is  that  in  the 
embryo  there  are  many  more  centers  found 
for  bones  than  are  found  in  the  adult,  and 
that  during  development  these  fuse  together 


to  form  the  normal  number  of  bones  in  the 
wrist  and  ankle,  but  occasionally  one  center 
persists  and  ossifies,  forming  an  extra  bone. 
I  lately  examined  a  fossil  of  a  saurian  in 
which  the  wrist  was  represented  by  many 
more  than  the  usual  number  of  bones.  The 
extra  bones  found  in  the  wrist  of  man  may 
be  the  analogues  of  these. 

Extra  bones  which  are  found  separate  at 
times  are  found  in  other  cases  united  to 
other  bones.  An  example  of  this  is  seen  when 
the  styloid  of  the  ulna  is  unusually  long. 
This  extra  length  is  caused  by  the  fusion  of 
an  extra  bone,  the  os  triangulare,  to  the  tip 
of  the  styloid. 

Sesamoid  bones  are  in  the  same  class  as 
the  extra  bones  and  great  variation  is  found 
in  the  sesamoid  bones  of  the  hand  and  foot. 
Sesamoid  bones  are  much  more  common  in 
the  fetus  than  in  the  adult.  Most  sesamoids 
have  no  function  and  are  found  where  they 
are  in  order  to  get  rid  of  them. 

About  twenty  extra  bones  have  been  de- 
scribed in  the  wrist.  The  full  list  can  be 
found  in  the  last  edition  of  Ouain's  "Anat- 
omy." I  shall  confine  myself  to  those  of 
which  I  have  had  personal  experience,  viz., 
in  the  wrist:  (i)  os  centrale;  (2)  os  triangu- 
lare ;(3)  ulnare  externum;  (4)  radiale  ex- 
ternum; (5)  OS  vesalianum,  and  (6)  divided 
scaphoid. 

Taking  first  the  os  centrale  (Fig.  i).  A 
variation  of  this  shows  the  os  magnum  with 
a  projection  on  it  which  represents  the  os 
centrale  fused  to  the  os  magnum.  In  other 
cases  one  sees  a  space  between  the  os  mag- 
num and  the  distal  part  of  the  scaphoid, 
at  one  time  probably  occupied  by  the  os 
centrale,  which  has  disappeared  and  its  place 
been  taken  by  fibrous  tissue.  The  os  centrale 
is  found  constant  in  monkeys  as  one  of  the 
bones  of  the  wrist. 

The  OS  triangulare  is  found  in  65  per  cent 
of  second  month  embrvos,  but  it  is  moder- 
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Fig.   I.  Os  centralc. 


Fig.  2.  Os  triangularc.  Fig.  3.  Long  styloid  due  to  fusion 

of  OS  triangulare. 


Fig.  4.  Fractured  styloid  and  os 
triangulare. 


Fig.  5.  Radialc  externum. 


Fig.  6.  Os  vesalianum. 


Fig.  7.  Thickening  in  semilunar. 


Fig.  8.  Os  trigonum. 


Fig.  9.  Secondary  os  calcis. 


ately  rare  in  the  adult  (Fig.2).  It  is  a  per- 
fectly formed  little  bone  like  a  sesamoid. 
It  must  not  be  confused  with  a  fractured 
styloid.  In  the  latter  the  rough  edge  of  the 
fracture  is  evident.  In  old  cases  of  fracture 
the  rough  edge  disappears,  but  the  styloid 
remains  deformed. 

Examination  of  both  wrists  should  be 
made  when  the  presence  of  an  extra  bone  is 
suspected,  and  if  it  is  present  on  one  side  it 
will  usually  be  found  on  the  other  side.  Fig- 
ure 3  shows  an  extra  long  styloid  process. 
This  appearance  is  caused  b>'  the  fusion  of 
the  OS  triangulare  with  the  styloid  process. 
Fracture  of  the  styloid  process  is  very  com- 
mon, but  a  true  os  triangulare  is  moderately 


rare.  Comparison  of  right  and  left  wrists 
easily  settles  the  (iuestion  when  one  wrist 
(3nly  has  been  injured.  Figure  4  shows  a 
fractured  styloid  and  an  os  triangulare. 

The  ulnare  externum  is  a  very  rare  bone 
in  nn-  exi)erience.  I  have  seen  it  only  once. 
Figure  4  shows  the  (jiil)-  case  I  have  seen.  It 
lies  between  the  fifth  metacarpal,  the  unci- 
form and  the  cuneiform. 

The  radiale  externum  is  the  end  of  the 
tul)ercle  of  the  scaphoid.  It  is  very  generally 
found  among  mammals,  but  it  is  very  rare  in 
man.  Figure  5  shows  this  bone  present  in  the 
left  hand.  It  was  not  present  in  the  right 
hand,  but  in  the  right  scaphoid  the  tubercle 
was  larger  than  in  the  left,  and  this  prom- 
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inence  represented  the  fused  radiale  ex- 
ternum. 

The  OS  vesaHanum  is  called  after  Vesalius, 
who  described  it  as  a  normal  sesamoid  bone 
of  the  wrist.  While  examining  a  treatise 
on  anatomy  by  \>salius  I  found  a  diagram 
of  this  bone.  I  had  thought  that  in  stud\ing 
these  extra  bones  I  was  pursuing  rather  a 
new  subject,  but  as  Vesalius  described  this 
bone  nearly  three  hundred  years  ago.  I  was 
forced  to  the  conclusion  that  the  subject 
was  decidedly  old  and  onlv  neglected.  Fig- 
ure 6  shows  the  only  specimen  that  1  have 
found. 

The  divided  scaphoid  is  frequently  found 
in  two  parts.  It  may  be  in  two  parts  at  birth. 
The  appearance  of  the  scaphoid  in  roent- 
genograms is  more  varied  than  that  of  any 
other  bone  of  the  wrist.  I  have  found  many 
cases  of  it  in  two  parts,  but  in  all  there  was 
evidence  of  fracture.  Comparison  with  the 
other  side  should  be  made  when  a  divided 
scaphoid  is  suggested,  and  if  it  exists  also 
in   the   other   wrist    without   historv   of    ac- 


cident the  diagnosis  of  divided  scaphoid  is 
justified. 

These  are  all  the  extra  bones  in  the  wrist 
that  I  have  found.  At  one  time  I  thought  I 
had  found  several  others,  but  when  examined 
stereoscopically  it  was  found  that  what  ap- 
peared to  be  an  extra  bone  was  really  only  a 
thickening  inside  a  normal  bone.  Figure  7 
shows  an  example  of  such  a  thickening  in 
the  semilunar.  These  thickenings  may  be  the 
evidence  of  old  healed  tul)ercular  disease 
and  correspond  to  the  small  calcified  spots 
so  often  seen  in  the  lungs.  I  have  found 
them  in  the  scaphoid,  pyramidal,  and  semi- 
lunar bones.  They  may  be  multiple. 

In  the  foot  the  extra  bones  which  I  have 
found  are  as  follows:  ( i )  os  trigonum;  (2) 
secondary  os  calcis ;  (3)  tibiale  externum; 
(4)  OS  peroneum;  (5)  os  vesalianum,  and 
(6)  an  ossicle  with  no  name. 

The  OS  trigonum  is  said  by  Pfitzner  to 
occur  in  7  to  8  per  cent  of  ankles.  In  roent- 
genograms it  is  cjuite  as  common  as  that.  It 
is  a  constant  bone  in   niarsu])ials  with  five 


w^'m. 


Fig.  10.  Tibiale  externum. 


Fig.  II.  Os  vesalianum. 
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toes.  It  is  really  the  posterior  external 
tubercle  of  the  astragalus.  It  is  by  far  the 
most  frequently  seen  extra  bone  of  the  ankle. 
Figure  8  shows  the  os  trigonum.  It  may  be 
short  and  stout  or  long  and  slender. 

The  secondary  os  calcis  is  a  small  bone 
which  is  occasionally  found  in  the  angle  be- 
tween the  OS  calcis,  the  astragalus  and  the 
scaphoid.  Figure  9  shows  a  specimen  of  this 
bone.  It  corresponds  to  the  os  centrale  in  the 
hand. 

The    tibiale    externum    is    found    at    the 


with  the  bone  of  the  other  side.  Figure  11 
shows  an  os  vesalianum.  It  is  seen  best  in  an 
anteroposterior  view. 

The  last  bone  I  have  to  mention  is  an 
ossicle  with  no  name.  I  first  noticed  it  five 
years  ago  and  have  been  watching  for  it 
since.  I  ncnv  have  14  cases  of  it.  I  have 
found  it  in  Ijotli  feet  in  4  cases.  These  are 
the  onl}-  cases  I  have  examined  on  both 
sides  especially  for  this  bone.  After  finding  a 
few  cases,  I  consulted  the  professor  of  anat- 
omy in  Edinburgh  University  and  his  answer 


Fig.  12.  Extra  l)one. 

tuberosity  of  the  scaphoid.  It  is  a  constant 
bone  in  many  animals  and  is  found  in  the 
second-month  human  embryo.  Figure  10 
shows  a  specimen  of  it.  It  is  important  for 
surgeons  to  be  familiar  with  this  bone  as  it 
looks  like  a  fracture.  It  more  frequently 
than  not  occurs  on  both  sides.  It  is  com- 
moner in  women  than  in  men. 

The  OS  peroneum  is  a  common  bone. 
It  lies  in  the  tendon  of  the  peroneus 
longus.  I  have  seen  it  single,  double, 
triple,  quadruple,  and  multiple.  Its  po- 
sition varies,  but  usually  it  is  seen  in  a 
semilateral  view  lying  between  the  os  calcis 
and  the  scaphoid.  It  is  present  in  Figure  8. 

The  OS  vesalianum  is  a  very  rare  bone 
which  occurs  at  the  base  of  the  fifth  meta- 
carpal and  has  to  be  distinguished  from  a 
fracture.  This  is  best  done  by  comparison 


Fig.  13.  Extra  bone. 

was  very  interesting.  He  had  never  seen  it, 
he  had  never  heard  of  it,  and  after  looking 
up  the  literature  on  accessory  bones  he  could 
find  no  mention  of  it,  but  he  was  prepared  to 
admit  that  it  existed,  as  he  had  found  its 
articular  surface  on  the  scaphoid  in  some 
cases.  He  promised  to  look  out  for  it  in  the 
dissecting  room  and  after  a  year  he  wrote  to 
me  and  told  me  that  he  had  found  one  .  It 
therefore  seems  evident  from  these  14 
cases  which  I  have  collected  that  this  extra 
bone  is  not  infrequently  present  at  the  pos- 
terior and  upper  part  of  the  navicular  as 
shown  in  Figure  12.  I  have  one  case  in  which 
it  appears  to  be  fused  to  the  scaphoid  and 
one  in  which  it  appears  to  be  fused  to  the 
astragalus.  Figure  13  shows  the  largest  ex- 
ample of  this  bone  I  have  found.  It  was 
present  in  the  right  and  left  foot  and  there 
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was  no  history  of  injury  to  account  for  its 
presence. 

These  are  all  the  extra  bones  of  which  I 
have  had  personal  experience  except  a  few 
single  specimens  which  I  cannot  name  or 
speak  further  about  until  I  find  enough 
other  specimens  to  place  them  in  a  cate- 
gory by  themselves. 

In  order  to  find  these  few  extra  bones 
that  I  have  mentioned  I  have  examined  an 
immense  number  of  roentgenograms.  I  had 
special  opportunity  of  doing  this,  as  during 
the  war  I  had  to  inspect  all  the  roentgen-ra\' 
departments  of  the  C.  E.  F.  in  England 
every  three  months  and  once  those  in  France. 


During  these  visits  the  monotonv  of  looking 
at  fractures  and  foreign  bodies  was  re- 
lieved by  looking  for  extra  bones,  and  after 
finding  a  few  I  kept  on  looking  until  now  I 
have  a  representative  collection  of  what  an 
average  roentgenologist  mav  be  expected  to 
find. 

RESUME 

Alxjut  half  a  dozen  extra  bones  occur  oc- 
casionally in  normal  ankles  and  wrists. 
These  have  to  be  known  and  distinguished 
from  fractures.  This  is  best  done  by  com- 
paring the  joint  of  the  other  side. 


PRIMARY  SARCOMA  OF  THE  VERTEBRAE^ 
WITH  REPORT  OF  FOUR  CASES 

By   KARL   F.    KESMODEL,   m.d. 
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WASHINGTON,    D.    C. 


P  RIMARY  tumors  of  the  spine  and  cord 
-*-  are  not  rare,  but  primary  sarcoma  of 
the  vertebrae  is  uncommon.  Few  cases  were 
found  in  the  literature.  In  an  article  by 
Roberts^  he  cjuotes  Coley  as  finding  only 
12  cases  of  sarcoma  in  this  region  in  a 
series  of  12,000  cases. 

The  detection  of  this  lesion  is  difficult, 
often  missed,  and  often  misinterpreted  as 
tuberculosis  of  the  spine.  The  presence  of 
tuberculosis  in  the  famih-  of  the  patient  is 
usually  considered  against  neoplasm,  but  as 
shown  by  2  of  the  cases  reported,  it 
should  not  legislate  against  the  diagnosis  of 
sarcoma,  and,  as  Roberts  states,  sarcoma 
may  appear  in  tuberculous  subjects. 

Age  often  plays  an  important  part  in 
diagnosis,  as  certain  lesions  most  often  oc- 
cur in  "age  periods."  But  in  sarcoma  of  the 
spine,  age  cannot  be  given  undue  considera- 
tion. It  may  occur  from  one  year  to  seventy. 
Ewing^  states  that  of  thirty-one  extra-dural 
spinal  sarcomata  one  occurred  between  the 
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ages  of  one  and  nine ;  three  between  ten  and 
nineteen,  none  between  twent}-  and  twenty- 
nine;  seven  between  thirty  and  thirty-nine; 
ten  between  forty  and  forty-nine ;  nine  be- 
tween fifty  and  fifty-nine;  and  one  between 
sixty  and  sixty-nine.  (This  includes  81 
cases  tabulated  by  Schlesinger  in  1898, 
many  of  the  cases  collected  by  Collins,  and 
.some  recent  reports  up  to  191 5.)  Of  the 
cases  reported  by  Roberts  one  occurred  be- 
tween the  ages  of  one  and  nine;  two  be- 
tween ten  and  nineteen ;  and  one  between 
fifty  and  fifty-nine.  Of  the  cases  reported 
here  from  the  records  of  the  Massachusetts 
General  Hospital,  one  was  between  ten  and 
nineteen  years  of  age,  one  between  forty 
and  forty-nine,  and  two  between  fifty  and 
fifty-nine. 

A  history  of  trauma  frequently  precedes 
the  presence  of  the  tumor.  At  times  no 
history  of  trauma  is  obtained.  In  the  cases 
of  spinal  tumors  reported  by  Traube, 
Forster,  Ollivier,  Hunt  and  Woolsey"  it  is 

.  Army,    who   is   not   responsible    for   any    opinion    expressed    or 
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reported.  In  the  cases  reported  here  it  wiU 
be  noted  in  two,  but  in  one  it  antedated  the 
appearance  of  the  neoplasm  several  years 
and  may  be  discarded.  Apparently  trauma 
may  be  a  direct  exciting  factor:  it  may 
hasten  the  rapidity  of  growth  of  a  neoplasm 
already  present,  or  it  may  have  no  associa- 
tion with  it  whatever. 

Pain  is  a  prominent  symptom.  It  presents 
itself  early  and  is  severe.  It  may  be  local  or 
referred  along  the  course  of  the  nerve 
emerging  at  the  site  of  the  tumor.  It  is 
usually  unrelieved  by  immobilization.  Con- 
siderable tenderness  may  be  elicited  at  the 
site  of  the  lesion. 

Evidence  of  pressure  at  the  roots  of  the 
peripheral  nerves  appears  earh-  in  the  dis- 
ease. As  previously  stated,  pain  is  a  promi- 
nent symptom.  V^arious  sensory  disturb- 
ances, such  as  anesthesia  and  paresthesia 
are  noted.  The  sensation  of  touch  and 
thermal  changes  may  be  absent  in  certain 
areas.  Often  there  is  a  difference  between 
the  reflexes  of  the  two  sides,  or  they  may  be 
undisturbed  or  entirely  absent  on  both  sides. 
Oppenheim,  clonus  and  Romberg  may  be 
obtained.  There  is  muscular  weakness  with 
ataxia  and  atrophy. 

Positive  roentgenographic  findings  may  be 
entirely  absent.  There  ma\'  be  no  observable 
change  in  the  outline  or  structure  of  the 
vertebrae  to  account  for  the  symptoms  and 
physical  findings.  When  they  are  present, 
they  are  by  no  means  characteristic.  They 
are  easily  confused  with  tuberculosis,  and  it 
may  be  only  by  repeated  examinations  at 
frequent  intervals  showing  the  rapid  de- 
struction with  the  involvement  of  adjacent 
vertebrae,  that  a  diagnosis  may  be  derived. 
When  changes  in  the  vertebrae  are  observed, 
it  is  seen  that  although  an  adjacent  one  may 
be  involved,  the  intervertebral  space  is  less- 
ened but  little.  In  the  cases  seen  at  the  Mas- 
sachusetts General  Hospital,  it  was  noticed 
that  the  margins  of  the  body  were  first 
attacked,  adjacent  vertebrae  being  involved, 
without  the  complete  destruction  of  an}-. 
The  destruction  is  irregular  and  the  fa- 
miliar "wedge-shaped"  body  is  often  mis- 
sing. As  a  result,  there  is  but  little  deformity 


in  the  vertical  axis  of  the  spinal  column  and 
the  kyphosis  ordinarily  seen  with  the  amount 
of  destruction  present  is  not  observed.  Ab- 
scess formation  is  absent,  but  invasion  of 
the  surrounding  soft  tissues  by  the  new 
growth  may  simulate  an  abscess  with  calci- 
fication. 

Sarcoma  of  the  vertebrae  must  be  differ- 
entiated from  tuberculosis  of  the  spine, 
spinal  cord  tumors,  metastatic  malignancy, 
fractures,  syphilis  and  typhoid.  Tuberculosis 
of  the  spine  involves  the  joint  early,  destroy- 
ing the  intervertebral  disc,  whereas  sarcoma 
first  attacks  the  body.  As  a  result,  in  the 
former  condition  the  intervertebral  space  is 
lessened  and  eventually  obliterated.  In  sar- 
coma the  intervertebral  space  is  affected  but 
little.  In  neoplasms,  adjacent  vertebrae  are 
soon  involved  without  the  complete  destruc- 
tion of  any,  but  in  Pott's  disease  the  process 
is  more  localized  and  in  the  individual 
vertebra  is  more  extensive.  Kyphosis  appears 
early  in  tuberculosis,  but  in  neoplasm  it  ap- 
pears late,  after  several  vertebrae  are  in- 
volved, if  at  all.  In  the  latter  condition  there 
is  an  invasion  of  the  soft  tissues  which  is  not 
seen  in  the  former,  and  the  abscess  so  com- 
mon in  tuberculosis  is  absent  in  sarcoma. 

The  difi^erentiation  from  primary  tumors 
in  the  cord  rests  almost  entirely  on  the  ra- 
diographic findings.  The  clinical  findings  of 
the  two  are  too  closely  allied  for  differentia- 
tion. If  the  tumor  is  primary  in  the  cord,  the 
changes  seen  in  the  vertebrae  are  due  to 
pressure,  not  destruction,  as  seen  in  the  true 
vertebral  tumors.  If  the  cord  tumor  is  of  the 
slow-growing  type,  a  fusiform  widening  of 
the  neural  canal  may  be  seen,  or  if  of  the 
more  rapidly  growing  type,  a  distinct  widen- 
ing in  a  specific  region  with  some  erosion  of 
the  inner  margins  where  the  tumor  passes 
out  of  the  canal.  In  sarcoma  of  the  vertebrae 
the  outer  margins  of  the  body  seem  to  be  the 
first  portion  attacked,  and,  as  previously 
stated,  the  lesion  is  primarily  of  the  de-  ■ 
structive  type. 

In  metastatic  malignanc}'  of  the  spine,  the 
lesion  is  always  multiple  when  discovered 
and  the  primary  lesion  can  usually  be  dem- 
onstrated. The  location  of  the  metastasis  in 
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the  individual  vertebra  is  central,  whereas 
the  primary  tumor  usually  appears  at  the 
margin. 

In  fractures  of  the  vertebrae  there  is  usu- 
ally a  history  of  a  severe  trauma,  the  de- 
formity is  of  the  compression  type  and  there 
is  no  evidence  of  bone  destruction.  The 
fragmentation  observed  in  some  fractures 
of  this  region  is  not  seen  in  neoplasms. 
However,  should  a  fracture  occur  at  the  site 
of  the  tumor,  the  true  lesion  may  be  entirelv 
missed. 

Syphilis  and  typhoid  of  the  spine  can  usu- 
ally be  ruled  out  by  history  and  laboratory 
tests.  The  roentgenographic  plate  in  these 
two  conditions  differs  from  that  of  the 
primary  tumor  in  that  the  process  is  often 
accompanied  by  proliferative  changes,  bridg- 
ing or  actual  ankylosis,  and  other  evidence 
of  repair  which  is  absent  in  neoplasm. 

The  following  4  case  histories  are 
taken  from  the  records  of  the  Massachusetts 
General  Hospital.  All  were  proven  at  opera- 
tion. I  am  indebted  to  Dr.  M.  S.  Bringman, 
radiologist  at  the  IMassachusetts  Homeo- 
pathic Hospital,  for  the  privilege  of  repro- 
ducing the  first  roentgenogram  of  Case  I, 
and  to  the  Pathology  Department  of  the 
Harvard  Medical  School  for  the  privilege 
of  roentgenographing  an  old  specimen. 

Case  I  (Hospital  No.  E.S.  249667).  N.  R. 
J.  Female.  Age,  tifty-nine.  Admitted  January 
9,  1921. 

Family  History. — One  sister  died  of  tuber- 
culosis six  years  ago.  The  patient  nursed  this 
sister  during  her  illness. 

Past  History. — Twenty  years  ago  she  fell 
down  the  stairs,  injuring  her  spine.  She  had 
a  spinal  curvature  afterward.  About  three 
>ears  ago,  just  before  her  present  illness,  she 
became  subject  to  f requeue}-  in  urination. 

Present  Illness. — First  symptom  noticed 
was  that  she  dragged  her  feet ;  then  numbness 
appeared.  This  occurred  about  three  years 
ago.  The  numbness  ascended,  reaching  the 
level  of  the  waist  line,  and  she  could  not 
walk  without  falling  over.  She  entered  a  hos- 
pital, and  after  being  examined,  including 
r-rays,  she  was  told  that  "bones  were  press- 
ins",  against  the  spinal  cord."  She  was  put  in 


a  plaster  shell  for  six  weeks,  when  the  par- 
al\sis  disappeared  and  she  was  able  to  walk. 
She  was  kept  in  the  shell  four  weeks  longer, 
then  a  corset  was  substituted.  Shortly  after 
the  change  her  legs  began  to  rlraw  up  and  she 
could  not  straighten  them  out.  The  plaster 
jacket  was  again  applied  and  in  addition 
traction,  this  treatment  continuing  for  three 
months.  The  plaster  was  then  replaced  by  a 
leather  jacket.  Eighteen  months  ago  she  be- 
came suddenly  paralyzed  in  both  lower  ex- 
tremities, sensation  being  lost  up  to  the  waist. 
For  the  first  time  she  had  incontinence  of  urine 
and  feces.  Since  then  the  paralysis  has  ad- 
vanced upward  about  4  inches.  Slie  has  suf- 
fered almost  constantly  with  girdle  pains  for 
the  last  year. 

Physical  Examination. — There  is  a  moder- 
ate kyphosis  from  the  7th  to  the  loth  dorsal 
vertebra  and  a  marked  lumbar  lardosis.  Spastic 
paralysis  in  both  lower  extremities.  Superficial 
abdominal  reflexes  absent.  Knee-jerks  barely 
present,  no  clonus  or  Babinski.  All  sensation 
to  touch,  pain  and  thermal  changes  is  absent 
to  the  level  of  the  6th  dorsal.  There  is  an  area 
of  hypersensitiveness  just  above  this.  Inconti- 
nence of  urine  and  feces. 

Roentgen-ray  examinations  were  made  on 
Januar}'  nth  and  Februar_\-  3rd  and  5th.  Ex- 
amination of  the  roentgenograms  of  the  lower 
dorsal  region  shows  a  definite  lesion  which  is 
characterized  by  destruction  of  the  interverte- 
bral disc  and  erosion  of  the  bodies  of  the  ver- 
tebrae. Just  below  and  to  the  right  of  the 
spinous  process  of  the  nth  there  is  a  dense 
shadow  in  which  there  is  evidence  of  cal- 
cification. Probable  diagnosis,  tuberculosis,  but 
sarcoma  considered  (Figs,  i  and  2). 

Laminectomy  done  on  February  5th.  Patho- 
logical report :  Chondrosarcoma. 

Case  II  (Hospital  No.  W.S.  21 1282.)  C. 
C.  Female.  Age,  fifty-five.  Admitted  October 
24,  1916. 

Present  Illness. — x\bout  fourteen  months 
ago,  while  gardening,  patient  suddenly  ex- 
perienced extreme  pain  in  her  left  leg.  Eleven 
months  later,  the  right  leg  became  similarly 
afl^ected.  Treatment  previous  to  entrance  had 
been  morphine  for  the  relief  of  the  intense 
pain  which  is  persistent. 

Physical  Examination  .—The  patient  appears 
to  be  in  great  pain,  the  history  being  obtained 
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Fig.  I.  Fig.  2. 

Fig.  I.  Case  i.  Lateral  view  of  the  lower  dorsal  spine.  Note  the  similarity  to  tuberculosis  of  the  spine, 
but  erosion  of  the  anterior  surfaces  of  the  two  bodies  designated  by  the  arrows  suggests  the  true  na- 
ture of  the  lesion.   (From  the  Massachusetts  Homeopathic  Hospital  Records.) 

Fig.  2.  Case  l.  Note  the  extensive  destruction  on  the    anterior    margins    of    the    designated    vertebrae, 
with  only  slight  narrowing  of  the  intervertebral  space. 


between  groans.  The  legs  and  hips  are  com- 
plained bf  most  severely.  Knee-jerks  active 
and  equal.  No  Babinski.  Doubtful  clonus  on 
the  left.  No  discoverable  change  to  touch,  dif- 
ferentiation between  sharp  and  dull,  and 
tenijierature  stimuli,  except  on  the  lower  leg 
where  all  seem  somewhat  diminished,  but 
without  definite  limitation.  Tenderness  over 
the  third  and  fourth  lumbar  vertebrae. 

Roentgen  examinations  were  made  on 
October  25th  and  26th,  and  November  2nd 
and  7th.  The  plates  reveal  a  distinct  deform- 
ity of  the  5th  lumbar  vertebra,  destruction 
on  the  left  side  with  thickening  about  the 
joint  surfaces,  and  some  irregularity  in  out- 
line. The  fourth  lumbar  also  shows  evidence 
of  involvement. 

On  November  9th  a  sensory  examination 
revealed  a  definite  clonus,  well  sustained  on 
the  left.  Suggestion  of  Babinski  on  the  right. 
]\Iuscles  of  both  legs  show  general  weakness. 
A  rirm  mass  was  struck  in  the  region  of  the 
fourth  lumbar  when  a  spinal  puncture  was 
attempted. 

Laminectomy  revealed  a  roughening  of  the 


bodies  of  the  jrd,  4th  and  5th  lumbar  verte- 
brae and  apparent  erosion.  Pathological  report: 
Small  round  cell  sarcoma. 

Case  III  (Hospital  No.  W.S.  188959.) 
C.  J-  DeF.  Male.  Age,  forty-three.  Admitted 
May  5,  1913. 

Present  Illness. — About^  one  }  ear  ago  pa- 
tient's back  felt  as  though  he  had  strained  it. 
His  local  doctor  diagnosed  the  condition 
lumbago  and  sti"apped  his  back.  A  few  months 
later  he  developed  pain  in  the  left  leg  which 
became  worse  on  exertion  and  caused  him  to 
limp.  About  four  weeks  ago  the  left  leg  be- 
came numb  and  pained  him  to  such  a  degree 
that  he  could  not  use  it  and  remained  in  bed. 
For  the  past  two  weeks,  rest  in  bed  has  failed 
to  relieve  the  pain. 

Physical  Examination. — Slight  atrophy  and 
some  weakness  of  the  left  leg.  Back  is  very 
stiff  with  a  low  lumbar  scoliosis.  Motion  and 
l)ressure  painful.  No  knee-jerk  on  left,  though 
present  on  the  right.  Romberg  backward. 

The  roentgen-ray  examination  was  nega- 
tive except  for  "slight  hypertrophic  changes." 

Laminectomy    revealed    a   new   growth   in- 
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volving  the  second  and  third  lumbar  vertebrae. 
Pathological  report :  Fibrosarcoma  with  giant 
cells. 

Case  IV  (Hospital  No.  Orth.  W.  S. 
183172.)  A.  J.  McI.  Male.  Age,  sixteen.  Ad- 
mitted June  26th,  1912. 

Family  History. — Mother  died  of  phthisis. 

Present  Illness. — On  March  14th,  patient 
fell,  injuring  the  lower  dorsal  and  upper  lum- 
bar spine.  Was  not  unconscious,  rode  home. 
Since  then  the  pain  over  this  area  has  gradu- 
ally increased.  Since  May  i6th  has  been 
treated  (strapping)  in  the  Out-Patient  Depart- 
ment without  relief.  During  the  past  two 
weeks  a  large  area  over  the  external  and  anter- 
ior surface  of  the  right  thigh  has  become  an- 
esthetic. Plis  gait  has  changed.  Has  frequent 
headaches. 

Physical  Examination. — Walks  with  some 
instability,  complaining  of  weakness  in  the 
right  knee.  There  is  a  slight  depression  over 
the  loth  dorsal  vertebra.  In  the  posterior  sub- 
costal region  on  the  right,  there  is  an  area  of 
swelling  the  size  of  the  hand,  which  is  very 
tender  on  pressure.  Straight  leg  raising  to 
about  one  third,  beyond  that  pain  in  the  region 
of  the  4th  lumbar  to  the  right  of  the  spine. 
Clonus  and  Oppenheim  present.  Area  of  anal- 
gesia present  over  the  external  aspect  of  the 
right  thigh  just  below  the  trochanter. 

Operation  revealed  a  tumor  which  consisted 
of  encapsulated  liquid  containing  broken- 
down  tissue  which  was  reported  by  the  path- 
ologist to  be  "giant-cell  sarcoma." 

The  roentgen-ray  examination  was  post- 
operative, and  showed  continued  evidence  of 
the  disease. 

CONCLUSIONS 

Primary  sarcoma  of  the  vertebae  is  not  a 
common  lesion.  It  may  or  may  not  give 
roentgenographic  evidence  of  its  presence,  and 
when  it  does  the  findings  are  easily  confused 
with  Pott's  disease.  Repeated  examinations 
showing  the  rapid  destruction  of  bone,  with 
but  little  involvement  of  the  intervertebral 
discs,  are  necessary  to  determine  the  true 
character  of  the  lesion.  With  the  advent  of 


Figs.  3  and  4.  Roentgenograms  from  a  specimen  from 
the  Warren  Museum,  Harvard  Aledical  School. 
"A  portion  of  the  dorsal  region  showing  a  new 
growth  which  had  started  in  the  body  of  one  of 
the  vertebrae  and  appeared  on  the  outside  along 
the  spinous  process."  (Fromi  the  records  of  the 
Museum.)  Although  three  bodies  are  involved,  no 
one  is  completely  destroyed.  Intervertebral  spaces 
are  only  slightly  lessened  and  the  process  seems  to 
have  attacked  the  posterior  portions  of  the  bodies. 

the  Potter-Bucky  diaphragm,  spinal  pathology 
being  much  better  observed,  the  determination 
of  lesions  tlierein  may  be  more  accurately 
made. 

In  conclusion,  I  wish  to  thank  Dr.  George 
W.  Holmes,  whose  kind  assistance  has  made 
this  paper  possible. 
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IV/TR-  PRESIDENT,  Members  of  The 
^^■^  American  Roentgen  Ray  Society, 
Ladies  and  Gentlemen:  Your  President  in- 
vited me  to  make  a  report  on  my  work  in 
deep  therapy,  and  I  have  undertaken  with 
pleasure  the  long  trip  to  make  the  report  and 
to  learn  a  great  many  new  things  in  your 
beautiful  country;  for  in  the  exchange  of 
knowledge  lies  the  progress  of  science. 
There  should  be  no  barrier  to  things  which 
are  of  benefit  to  all  humanity. 

I  wish  to  present  in  two  short  papers  the 
results  of  my  studies.  The  first  paper  deals 
with  the  physical  laws  of  irradiation  and 
the  exact  knowledge  of  the  distribution  of 
the  rays  within  the  tissues.  The  biologist  can 
only  dfaw  conclusions  from  the  reaction  on 
tissue  when  the  above-mentioned  conditions 
are  accurately  ascertained. 

The  second  line  of  study,  which  was  far 
more  difficult  than  the  first,  covers  the  tech- 
nical requirements  for  a  practical  solution  of 
the  problem.  This  problem  has  in  part  been 
solved  in  your  country.  I  have  been  work- 
ing in  Germany  on  the  development  of  the 
apparatus  and  have  spent  many  years  of 
thought  on  producing  one  that  would 
generate  very  high  voltages  and  would 
operate  continuously  without  change  under 
conditions  of  absolute  safety  and  within 
small  dimensions ;  that  is,  an  apparatus 
which  could  be  used  by  the  medical  man 
without  danger  and  without  great  expense 
for  operation  and  upkeep.  In  the  meantime 
my  friend  and  co-worker.  Dr.  W.  D.  Cool- 
idge,  has  still  further  developed  his  wonder- 
ful tube,  with  which  I  could  obtain  the  most 
accurate    results   and    with    which    I    could 


bring  to  their  best  effect  the  high  voltages. 
This  subject  will  l3e  covered  in  my  second 
paper. 

Before  arriving  at  my  last  results,  I  shall 
briefly  touch  upon  the  history  of  how  the 
problem  started.  In  1904,  nearly  seventeen 
years  ago,  I  first  formulated  the  problems. 
At  that  time  superficial  skin  diseases  were 
being  treated  with  roentgen  rays.  A  few 
men,  among  them  Americans — Senn,  for  in- 
stance— had  made  experiments  to  ascertain 
whether  diseased  areas  which  were  not  situ- 
ated at  the  surface  could  be  influenced  by 
the  rays.  The  results  were  not  satisfactory, 
and  Professor  Perthes,  a  German  surgeon 
who  was  studying  these  matters  at  the 
same  time,  published  interesting  experi- 
ments, coming  to  the  conclusion  that  an  in- 
sufficient cjuantity  of  rays  penetrate  to  a 
depth.  I  naturally  approached  the  problem 
from  the  physicist's  point  of  view  and 
found  at  that  time  the  following  situation: 
At  the  surface  a  cure  by  rays  could  be  noted, 
the  physical  conditions  were  therefore  right 
for  a  good  result  at  the  surface.  I  therefore 
concluded  that  it  only  would  be  possible  to 
determine  whether  a  disease  in  deep  tissues 
could  be  cured,  if  we  could  produce  in 
them  just  as  favorable  physical  conditions 
of  the  ravs  as  when  they  were  applied  to  the 
surface.  I  asked  myself:  What  are  the  phys- 
ical conditions  at  the  surface,. and  is  it  pos- 
sible to  produce  these  same  physical  con- 
ditions at  a  depth  ? 

In  two  simple  diagrams  I  shall  show 
the  foundation  of  the  problem.  You  know 
that  in  whichever  way  roentgen  rays  are 
produced — with  high  tension  direct  current, 
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alternating  current,  induction  coil  or  trans- 
former, it  is  never  possible  to  produce  one 
kind  of  rays  only,  but  always  a  mixture  of 
different  ravs. 


In  the  first  picture  a  lesion  is  shown  on 
the  surface  of  the  body.  When  it  is  rayed 
from  a  focus  placed  at  a  certain  distance, 
just  as  it  was  done  seventeen  years  ago,  and 


Fig.  2. 

the  rays  strike  the  skin  and  the  proper 
dose  given,  it  may  happen  that  the  disease  is 
cured  without  the  skin  being  damaged.  The 
biologist  will  say  the  reason  is  that  the  cells 
of  the  diseased  part  are  more  sensitive  than 
those  of  the  healthy  part;  and  if  that  is  the 


case  the  physical  part  is  very  easy,  because 
healthy  and  diseased  cells  when  rayed  from 
the  same  tube  receive  the  same  quality  and 
quantity  of  rays.  The  physical  conditions 
are  the  same  on  all  points  of  the  surface,  i.e., 
we  have  a  homogeneous  field. 

Regarding  the  second  figure,  in  which  the 
diseased  part  is  a  few  centimeters  below  the 
surface,  the  physical  conditions  are  very  dif- 
ferent— qualitatively  different,  because  the 
depth  receives  a  different  composition  of 
rays  compared  with  the  composition  on  the 
surface,  owing  to  the  absorption  of  the  long 
wave-length  rays  in  the  beginning  of  their 
path ;  quantitatively  different,  because  we 
have  fewer  rays  at  the  depth  than  on  the 
surface  on  account  of  the  greater  distance 
and  the  loss  by  absorption.  The  physical  con- 
ditions in  the  depth  are  therefore  not  the 
same  and  the  biologist  cannot  compare  the 
reaction  on  the  surface  with  the  effect  in  the 
depth.  From  these  considerations  I  devel- 
oped the  physical  laws  of  deep  therapy, 
which  are  known  in  Europe  as  the  Laws  of 
Homogeneous  Irradiation.  They  were  the 
foundation  for  the  development  of  deep 
therapy,  and  have  to-day  proven  to  be  true 
in  all  points.  To-day  it  is  very  simple  and 
natural,  but  it  was  not  so  seventeen  years 
ago.  when  the  nature  of  roentgen  rays  was 
unknown  and  their  laws  could  not  have  been 
known.  Amongst  those  who  had  grasped  at 
the  first  the  importance  of  the  physical  laws 
of  deep  therapy  and  had  made  use  of  them 
consciously  I  should  like  to  mention  Beclere 
of  Paris  and  VVetterer  of  Mannheim. 

The  laws  of  homogeneous  irradiation  are 
in  abbreviated  form  the  following: 

First  Law.  The  foundation  of  roentgen- 
otherapv  is  formed  by  the  biological  exper- 
ience that  different  cell  forms  show  differ- 
ent sensitiveness  to  the  same  roentgen  rays. 

Second  Lazv.  Rays  of  different  penetra- 
tion are  to  be  regarded  as  different  medica- 
ments, so  long  as  the  contrary  is  not  proven. 
The  difference  in  sensitiveness  of  different 
cells  appears  more  marked  if  hard  rays  are 
applied. 

Third  Laze.  In  order  to  determine  and 
utilize  precise  differences  in  sensibility,  the 
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homogeneity  of  the  field  of  radiation  is  a 
required  condition. 

Fourth  Lcnv.  The  non-homogeneity  of  a 
treated  field  detracts  from  the  efl:ect.  The 
conditions  for  a  favorable  influence  upon 
the  disease  are  not  fulfilled  when  the  non- 
homogeneit}'  of  the  field  is  greater  than  the 
difference  in  sensitiveness  between  the  dis- 
eased cells  and  the  healthy. 

This  law,  the  law  of  the  liuiit  of  effect, 
can  easily  be  expressed  by  algebraic  formu- 
lae. 

If  we  had  a  quantitatively  homogeneous 
radiation  and  a  diseased  cell  which  is  a 
times  as  sensitive  as  the  normal  cell,  then  a 
favorable  effect  can  take  place  when  the  in- 
tensity In  on  the  normal  cell  is  not  more 
than  a  times  as  large  as  the  intensity  Ip  on 
the  pathological  cell  given  the  same  time  of 
radiation.  In  a  certain  time  t  the  reaction  is 
equal  to  the  product  of  intensity  times 
sensibilit}-.  At  the  moment  when  the  product 
on  the  normal  cell  becomes  larger  than  on 
the  diseased  cell  we  have  reached  the  liniit 
of  effect.  We  can  formulate; 

Ip  X  «  X  /    >  In  X/. 

Fifth  Law.  There  is  a  homogeneity  of 
space  or  c[uantitative  homogeneity  and  a  spe- 
cific homogeneity,  or  qualitative  homoge- 
neity. The  aim  must  be  to  dose  the  diseased 
cells  of  the  entire  diseased  zone  throughout 
its  extent  with  the  needed  quantity  or  dose 
of  irradiation,  and  to  have  this  dose  of  the 
same  quality  throughout. 

SixtJi  Law.  The  condition  of  quali- 
tative or  specific  homogeneity  is  fulfilled 
when  the  irradiation  in  the  complete  zone 
during  its  course  through  the  body  does  not 
change  its  composition  or  consistency.  The 
reaction  on  the  different  cells  is  then  phys- 
ically only  dependent  on  the  intensity  and 
the  time. 

Seventh  Law.  The  intensity  of  effect 
may  not  differ  more  than  the  degree  of 
sensitiveness.  This  is  only  a  more  precise 
statement  of  the  fourth  law,  the  liniit  of  ef- 
fect, but  one  may  try  to  increase  the  intens- 
ity on  the  diseased  zone  in  the  depth  and  to 
raise  it  above  the  intensity  on  the  surface, 
and  in  the  vicinitv  of  diseased  cells. 


For  seventeen  years,  unceasingly,  I  have 
tried  to  fulfil  the  above-mentioned  condi- 
tions in  the  deeper  tissues  of  the  body,  and 
to  work  out  for  the  medical  man  some 
simple  method  by  which  he  may  know  the 
physical  effect  of  irradiation  in  any  part  of 
the  body,  both  qualitatively  and  quantita- 
tively. It  was  and  is  possible  to  improve  the 
conditions  with  the  old  methods — by  using 
penetrating  qualities  of  the  radiation,  better 
machines  and  tubes,  by  raying  from  great 
distances,  from  different  angles,  so  as  to 
make  the  rays  cross  within  the  body  (the 
cross-fire  method),  and  by  the  use  of  ex- 
actly determined  filters ;  but  perfect  results 
are  only  obtained  when  using  extremely 
high  voltages  and  making  use  of  the  diffused 
radiation  within  the  body  or  in  media  phys- 
ically similar  to  its  tissue.  My  last  work,  a 
part  of  which  Dr.  Coolidge  saw  on  his  visit 
last  year,  consists  of  measurements  made 
during  many  years  and  shows  the  following 
results: 

Having  a  zvell-knozvn  composition  of  rays 
(Part  II  will  explain  how  they  were 
produced)  we  haz'e  jneasured  the  dis- 
tribution of  the  intensity  of  irradiation 
zvithin  a  body  (Figs.  3,  4,  5  and  6).  These 
measurements  have  been  made  with  four 
kinds  of  rays — the  most  penetrating  which 
up  to  then  could  have  been  produced  contin- 
uously. Five  focal  distances  were  studied 
each  for  three  different-sized  treatment 
fields — small,  medium  and  large.  These 
measurements  were  undertaken  after  Fried- 
rich  in  Freiburg  had  shown  on  careful  study, 
that  the  ravs  are  absorbed  in  water  prac- 
tically at  the  same  rate  as  in  tissue.  It  took 
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Fig.  4.  Fig.  5.  Fig.  6. 

Fig.  4.  Distribution  of  intensity  with  the  following  factors  :  Coolidge  tube.  Voltage  about  180,000  volts 
at  transformer;  162,500  voks  max.  at  tube.  Filter  0.5  mm.  Cu.  +  I  mm.  Al.  Focal  skin  distance  30  cm. 
Port  of  entry  5.7x7.6  cm.  M  in  water  1=  0.166.  Transverse  section  5.7  cm. 

Fig.  5.  Distribution  of  intensity  with  the  follow^ing  factors:  Coolidge  tube.  \'oltage  about  220,000  volts 
at  transformer;  200,000  volts  max.  at  tube.  Filter  1.3  mm.  Cu.  +  i  mm.  Al.  Focal  skin  distance  30  cm. 
Port  of  entry^  5.7x7.6  cm.  M  in  water  ^0.140.  Transverse  section  5.7  cm. 

Fig.  6.  Distribution  of  intensity  with  the  following  factors :  Coolidge  tul)e.  \'oltage  about  200,000  volts 
at  transformer;  181,500  volts  max.  at  tube.  Filter  0.8  mm.  Cu.  +  i  mm.  Al.  Focal  skin  distance  60  cm. 
Port  of  entry  20.7x27.6  cm.   M   in  water  =  0.149.  Transverse  section  20.7  cm. 


US  one  year  to  find  out  an  exact  method  of 
measuring.  Since  then  we  have  made 
thousands  of  measurements  of  which  I  can 
only  give  you  an  idea. 

The  following  figures  are  an  example 
from  the  tables  published  in  my  Frankfort 
Institute.  If  at  a  distance  of  30  centimeters  a 
radiation  of  a  precisely  known  quality  and  a 
treatment  field  of  the  size  of  5.7  X  7-6  cen- 
timeters is  irradiated,  it  is  possible  to  find 
the  intensity  of  radiation  at  any  point  in 
deeper  tissues.  In  this  figure  the  localities  of 
ecjual  intensity  are  connected  by  lines,  which 
I  will  call  equal-intensity  curves.  If  a  dis- 
eased area  is  located  here  I  can  find  the 
intensity  of  rays  it  will  receive  in  percentage 
of  the  intensity  on  the  surface.  The  meas- 
urements demonstrated  many  surprises, 
which  were  not  thought  of  before,  namely, 
that  the  intensities  in  the  center  of  a  radia- 
tion field  are  much  greater  than  at  the  sides 
in  the  same  depths.  The  differences  amount 
to  30-60  per  cent.  It  also  was  not  known 
that  the  skin  in  the  surroundings  of  the 
radiation  field  receives  a  heavy  dose  from 
the  scattered  rays.  It  was  thought  that  this 
part  of  the  skin  was  protected  by  the  heavy 
lead  diaphragm  at  the  tube.  The  conse- 
quence of  these  studies  is  a  proper 
method  of  a  physically  correct  treat- 
ment to  be  employed  in  deep  therapy.  The 
method    actually    employed    is    as    follows. 


First,  the  physician  must  make  a  careful  ex- 
amination and  ascertain  the  location  and  ex- 
tent of  the  growth  or  lesion,  making  a 
sketch  of  the  same,  preferably  on  transpar- 
ent paper,  and  in  natural  size,  showing  a 
cross  section  in  the  frontal  and  in  the  sagittal 
planes.  Hereafter  the  distribution  diagrams 
are  consulted  and  the  quality  of  the  radia- 
tion, the  focal  distance,  and  the  number  of 
treatment  fields  rec|uired  for  the  case  are 
ascertained. 

The  transparent  sketch  placed  upon  the 
distribution  diagram  will  enable  the  intens- 
ity of  the  rays  to  be  ascertained  in  any  part 
of  the  treated  zone.  I  can  only  indicate  this 
method,  which  looks  simple  at  first  but  is 
rather  difficult  to  execute.  I  have  the  charts 
with  me  and  will  be  pleased  to  show  them 
to  anvone  who  desires  further  explanation. 

Everv  roentgenotherapist  who  has  made 
experiments  in  therapy  will  have  been  puz- 
zled about  the  problem:  What  is  happening 
in  the  deeper  tissues?  This  problem  is  now- 
solved,  but  there  remains  the  fact  that  the 
human  body  is  not  simpl\-  a  regularly 
formed  geometrical  object  but  a  complicated 
structure,  and  it  is  impossible  to  guess  in 
which  direction  a  ray  is  passing  through  the 
body  at  a  certain  setting  of  his  appliance, 
especially  by  using  the  old-fashioned  tube 
stands.  It  is  very  difficult  to  judge  the  bio- 
logical effects  and  to  compare  results,  when 
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Fig.  7.  Treatment  appliance. 


the  same  conditions  cannot  be  reproduced. 
Yet  it  is  possible  in  many  cases  to  employ 
artificial  means  and  to  change  the  compli- 
cated geometrical  form  of  the  body  to  a 
simple  geometrical  form  and  to  use  in  place 
of  complicated  appliances  a  simple  appliance 
(Fig.  7)  which  has  movements  only  at 
right  angles  in  a  vertical  and  horizontal 
direction.  I  suggest  the  following  method 
be  employed  in  all  cases  wherever  possible: 

1.  To  make  out  of  the  complicated  form 
of  the  body  a  form  with  simple  and  straight 
surfaces  by  using  small  water-filled  ruliber 
bags,  a  layer  of  paraffin  wax.  gelatine, 
flour  paste  (dough)  or  some  similar  mater- 
ial. When  employing  such  straight  forms  we 
find  that  the  distribution  of  energ^'  within 
the  body  tallies  very  accuratelv  with  the 
physical  measurements  and  tables. 

2.  To  employ  an  appliance  which  is  set  at 
right  angles  over  the  patient  and  a  resetting 
of  which  can  be  reproduced  at  anv  time.  If 
we  employ  these  new  methods  consciouslv, 
we  will  find  that  some  cancer  cases  cannot 
yet  be  successfully  cured  at  all,  because  the 
purpose  of  radiation  cannot  be  accomplished. 


i.e.,  to  ray  every  part  of  the  diseased  tissue 
with  the  same  and  sufficient  intensity.  In 
many  other  cases  we  find  only  one  possibility 
of  the  treatment  and  any  variation  from  this 
would  be  dangerous.  We  may  neither  change 
the  focus  distance  nor  the  quality  of  the  radi- 
ation, nor  the  size  of  the  field.  The  intensity 
must  never  be  too  small  nor  too  large. 
Whether  a  case  can  or  cannot  be  treated 
successfully  should  be  settled  before  a  course 
of  treatment  is  begun. 

The  fact  that  so  many  different  methods 
of  -t'-ray  therap^■  are  employed  in  the  various 
clinics  may  be  explained  by  the  compara- 
tivelv  recent  development  of  a  correct  deep 
treatment. 

I  wish  to  point  out  two  objections  to  this 
method.  There  is  a  difference  when  air  is 
enclosed  within  tissue,  as  for  instance  the 
lungs.  In  my  Frankfort  Institute,  where  we 
are  fortunate  in  having  the  cooperation  of 
the  surgical  clinic  of  Prof.  Schmieden  and 
Dr.  Holfelder  and  the  gynecological  clinic 
of  Prof.  Seitz  and  Dr.  Gutmann,  we  are  in- 
vestigating these  cases  and  ascertaining  how 
the  distribution  in  this  case  can  be  compared 
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with  that  in  water.  The  second  objection 
may  be  expressed  by  saying  that  the  bio- 
logical conditions  are  much  more  compli- 
cated. I  accept  this  objection,  but  add  that  in 
solving  a  complicated  problem  we  must  take 
each  point  and  clear  the  same  one  by  one. 
The  biological  problems  become  clear  only 
after  the  physical  conditions  are  definitely 


known,  and  with  this  method  there  is  a  way. 
For  each  case  it  is  possible  to  arrange  the 
physical  conditions  so  that  the>-  may  be  re- 
peated at  any  time;  hence  it  becomes  pos- 
sible to  estimate  the  biological  effect  of  a 
definite  physical  condition.  That  has  been 
the  aim  of  my  studies  on  the  physical 
foundations  of  deep  therapy. 


PART    II 

FXECTRICAL  AND   TECHNICAL  STUDIES 


At  the  beginning  of  the  investigations  it 
was  ascertained  that  the  conditions  for  the 
"homogeneity  of  the  irradiation"  could  only 
be  fulfilled  by  the  use  of  very  "hard"  rays. 
The  hardness  of  the  rays  depends  upon  the 
voltage  on  the  tube.  All  recent  investigations 
have  proven  this  fact,  and  therefore  it  was 
necessary  to  realize  these  requirements  by 
solving  two  technical  problems: 

1.  The  invention  and  development  of 
roentgen-ray  tubes  which  would  stand  very 
high  voltages  continuously. 

2.  The  invention  and  development  of  elec- 
trical apparatus  which  would  generate 
safely  very  high  voltages  with  great  reliabil- 
ity and  safety  from  breakdown. 

The  solution  of  the  first  problem  was 
given  in  the  main  part  by  the  inventions  of 
Dr.  Coolidge  and  his  co-workers,  which  are 
sufficientlv  well  known  to  all  and  the  results 
of  which  I  admire  greatly. 

The  other  problem,  to  produce  electrical 
apparatus  delivering  high  voltages  continu- 
ously and  safely,  appeared  to  be  easy,  but 
eventually  was  very  difficult.  An  ordinary 
induction  coil  of  the  old  type,  for  instance, 
one  of  a  40  cm.  spark,  would  deliver  the 
necessary  voltage  but  would  unfailingly 
break  down  if  it  was  used  continuously.  It 
was  natural  that  this  should  happen,  accord- 
ing to  the  laws  of  the  dielectrical  strength  of 
insulating  materials,  because  this  material  as 
was  used  was  overstrained.  Besides,  the  con- 
ditions became  uncontrollable  through  the 
use  of  an  interrupter  which  introduced  in- 
constancy of  the  discharge  and  rays 
generated. 


It  is  not  difficult  to  build  a  trans f<jrmcr 
for  250,000  volts  alternating  current  and 
more,  and  it  has  often  been  accomplished, 
l)ut  to  build  this  transformer  properly  and 
to  make  it  stand  up  under  continuous  use,  it 
has  to  be  of  z'cry  large  dimensions  and  ex- 
pensive. Its  weight  would  be  very  great  and 
it  would  hardly  find  room  in  a  physician's 
office. 

This  is  the  logical  conse(juence  of  the  high 


Fig.  8. 


Fig.  9. 
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voltage  which  fixes  the  dimensions  for  the 
insulating  materials,  because  each  material 
has  only  got  a  certain  definite  electrical  sta- 
bility, which  is  well  known  to  electrical  en- 
gineers. Many  transformers  were  built  with 
insufficient  insulation.  They  would  work  a 
short  time  but  would  eventually  break  down. 
Such  failures  have  happened  in  Germany  by 
the  hundreds  during  treatment  work.  Imag- 
ine further,  that  even  such  transformers 
which  are  properly  dimensioned,  for  instance. 


2.  To  construct  the  transformer  in  such  a 
manner  that  by  adding  new  parts  the  volt- 
age could  always  be  raised  another  step,  say, 
to  three  hnndred  thousand  volts  and  more 
when  such  tubes  are  available.  For  it  is  with- 
out doubt,  and  all  experiments  have  proven 
the  fact,  that  the  eonditions  for  deep  ther- 
apv are  eontinnonsly  improved  with  higher 
voltages.  It  may  take  some  years  before  this 
voltage  is  applicable,  but  it  will  mean  shorter 
doses  and  a  greater  proteetion  of  the  skin 


Fig.   10.  .\pparatus  with  open  iron  core  transformer. 


for  250,000  volts  continuous  service,  will 
lose  their  value  as  soon  as  tubes  will  be  con- 
structed that  will  stand  350,000  7'olts  and 
more.  Every  ordinarily  constructed  trans- 
former will  lose  its  value  when  higher 
voltages  are  required. 

The  most  interesting  of  all  the  electrical 
studies  of  my  co-workers  and  myself,  and 
the  most  laborious,  was  the  development  of 
voltage  generators  for  250,000  to  500,000 
volts  and  more,  and  I  have  spent  many  years 
in  developing  the  transformer  that  would 
fulfill  the  following  conditions : 

I.  To  be  compact,  light  and  inexpensive 
and  yet  be  able  to  produce  high  voltages 
with  absolute  safety  and  without  danger  to 
the  insulating  material  when  operating  ten 
hours  daily  throughout  the  year. 


during  treatment.  It  woukl  be  very  painful 
for  the  medical  man  to  have  to  discard  his 
old  transformers  every  time  an  advance  is 
made  in  the  maximum  voltage  applied  on 
the  tube. 

I  solved  this  problem  in  191 5  and  built  up 
a  transformer  in  191 6  for  500,000  volts, 
which  voltage  I  could  have  raised  indefi- 
nitely. The  transformer,  for  instance,  is  con- 
structed of  units,  each  for  100,000  volts,  and 
I  made  a  careful  study  of  all  conditions  in- 
volved, some  of  the  results  of  which  I  wish 
to  show  you. 

The  figures  show  a  comparison  of  an 
ordinarv  200,000  volt  transformer  com- 
pared with  one  built  for  the  same  vol- 
tage under  the  new  principles.  This  new  type 
has  been  built   since    19 16,    for  therapeutic 
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purposes,  and  many  hundreds  are  in  daih' 
use,  eight  to  ten  hours  a  day.  A  puncture 
from  secondary  to  primary  is  unknown, 
whereas  there  have  been  very  sad  exper- 
iences with  the  usual  t}pe  of  transformers 
which  had  to  be  frequently  repaired.  The 
new  transformers  can  be  built  with  an  open 
iron  core  or  a  closed  core  equally  well,  and 
the  transformer  is  also  being  built  and  used 
for  ordinary  technical  requirements,  for  test- 
ing purposes  and  precipitation  work,  they 
being  less  than  half  as  expensive,  with  better 
conditions  of  the  insulation  than  the  normal 
type.  Many  modifications  in  the  construction 
are  possible,  but  it  is  rather  difficult  for  the 
layman  to  grasp  the  principle.  I  will 
briefly  explain  the  principle,  but  cannot  go 
into  details,  as  for  instance,  when  to  use  a 
single  or  multiple  iron  core. 

The  principle  is  simply  the  following:  To 
construct  the  transformer  in  such  a  manner 
that  the  coils  carrying  the  highest  voltage 
towards  the  earth  and  the  primary  winding 
do  not  have  to  withstand  the  full  voltage, 
but  that  the  highest  voltage  is  carried  by  and 
removed  to  a  point  ivhcrc  it  can  do  no  harm. 
This  sounds  paradoxical.  l)ut  I  shall  try  to 
explain  it. 


Ok.V. 


Ok.V. 


Fig.  II. 


In  Figure  11,  K  is  a  sphere-shaped 
conductor  of  a  radius  r,  the  sphere  is 
at  a  potential  of  50,000  volts  in  relation  to  a 
sphere  surrounding  it.  According  to  what 
material  is  used  for  insulation  to  prevent  a 
puncture,  the  radius  R  of  the  outer  sphere  is 
fixed.  The  volume  of  insulating  material  re- 
quired corresponds  to  the  volume  of  the 
outer  sphere  minus  the  inner  sphere,  or  if 
the  radius  of  the  inner  sphere  is  very  small 
the  quantity  of  insulating  material  required 


is  V,  =4/3R'7r.  If  the  potential  between 
the  inner  and  outer  sphere  is  raised  to 
100,000  volts,  the  space  R  nuist  l)e  made 
larger.  As  the  insulating  quality  of  material 
is  reduced  with  the  higher  voltage,  a  larger 
layer,  for  instance,  of  double  the  thickness 
of  oil,  will  not  be  sufficient  for  the  double 
voltage.  But  for  the  sake  of  simplicity  we 
will  assume  that  it  is  suffiicient.  The  volume 
of  insulating  material  is  then  formulated 
thus:  V2  =  4/3  2"  R'"' TT,  i.e.,  eight  times  as 
large.  The  insulating  material  required  for 
a  double  voltage  is  therefore  cigJit  times 
greater. 

The  idea  of  my  invention  was  the  fol- 
lowing: 

If  we  divide  up  the  high  tension  we  can 
reduce  the  requirements  of  insulating  ma- 
terial from  a  geometrical  progression  into 


SOk.y. 


Ok.V 


Fig.  12. 

an  arithmetical  progression,  as  is  illustrated 
in  Figure  12.  The  total  voltage,  which  has  to 
be  insulated,  is  divided  up  into  two  systems 
in  series,  and  in  this  case  only  one  quarter 
of  the  insulating  material  is  required  for 
the  above  mentioned  100,000  volts. 

I  shall  try  to  make  the  idea  clearer  by  us- 
ing as  an  example  a  100.000  volt  roentgen- 
ray  transformer  with  one  terminal  ground- 
ed, the  primary  being  fed  from  the  mains. 

In  Figure  13,  Wi  is  the  primary 
winding.  Wo  the  secondary  winding  of 
a  high  tension  transformer.  The  high  ten- 
sion terminal  a  is  grounded.  This  is  an  as- 
sumption but  no  essential  requirement  for 
this  system,  and  only  introduced  to  make  the 
matter  more  understandable,  the  potential 
being  fixed  in  this  case.  The  low  voltage  end 
is  fed  from  the  mains  and  has  practically 
the  same  potential  as  a,  the  100  or  200  volts 
of  the  mains  playing  no  part.  We  now  have 
the  peculiar  condition  that  the  insulating 
tube   between   the   primary   and   secondary 
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Fig.  13. 

winding  is  carrying  all  voltages  from  zero  to 
100,000  volts  along  its  length  and  that  the 
lower  end  at  a  has  no  voltage  whatsoever, 
but  the  upper  end  h  the  maximum  voltage  of 
100,000  volts.  At  a  the  insulation  is  wasted 
and  at  h  it  has  to  be  considerably  intensified 
to  prevent  corona  and  puncture. 


Potential '0 

'■;'!imim 

Fig.  14. 

It  is  possible  to  eliminate  the  uneven 
strain  on  such  a  transformer  and  to  reduce 
the  insulation  material  by  a  device  which 
solves  the  serious  question  of  insulation  in 
principle.  The  reason  for  the  high  insulating 
stresses  on  the  corona  of  our  example, 
is  the  fact  that  the  secondary  winding  sur- 
rounds along  its  whole  length  a  primary 
practically  at  earth  potential,  it  being  con- 
nected to  the  mains.  If  it  were  brought  up 


to  a  potential  of  half  the  total  voltage,  the 
tension  between  the  high  tension  pole  h  and 
the  primary  could  be  reduced  to  half.  Fig- 
ure 14  shows  you  how  this  can  readily  be 
done,  by  connecting  the  middle  of  the  high 
tension  winding  with  the  primary  by  means 
of  a  charging  conductor  L.  The  potential  of 
the  primary  is  then  controlled  and  constantly 
held  at  50.000  volts ;  the  charging  current  is 
exceedingly  small,  and  all  insulating  material 
is  immediately  carrying  only  half  the  strain. 
The  question  arises,  how  to  get  the  energy 
into  the  primary  without  changing  its  po- 
tential of  50,000  volts?  This  could  be  done 
by  connecting  the  primary  to  an  insulated 
generator,  but  practically  it  is  simpler  to 
feed  through  a  current  transforincr  with  a 
ratio  of  one  to  one,  for  instance,  but  with  an 
insulation  of  50.000  volts  between  windings. 


//  Tramformator 


Fig.  15. 

This  is  illustrated  in  Figure  15.  This  trans- 
former does  not  function  as  a  "step-up" 
transformer,  but  merely  takes  away  part  of 
the  insulating  work  from  the  "step-up" 
transformer,  by  changing  the  insulating 
factor  from  a  geometrical  to  an  arithmetical 
progression. 

The  above  explanation  is  only  an  exam- 
ple ;  the  whole  thing  can  be  done  on  a  single 
iron  core.  But  what  I  wish  to  illustrate  is  the 
fact  that  this  method  differs  from  that  of 
employing  two  or  more  transformers  in 
series  or  parallel. 

The  principle  of  the  new  transformer  con- 
sists in  the  following: 
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Fic.    16.    Apparatus    with    current    transformer    and   closed  core. 


Fic.  17.  Apparatus  with  closed  core  and  current  transformer  on  the  same  iron  core. 


588 


My  Studies  on  the  Physical  Foundations  of  Deep  Therapy 


First.  The  separation  of  the  problem  of 
"transformation"  from  that  of  "insulation" 
in  the  construction  of  a  transformer. 

Second.  Intentional  holding  of  the  ener- 
gizing winding  of  a  transformer  at  a  differ- 
ent potential  from  earth  than  the  feeding 
mains. 

Third.  Holding  the  energizing  winding 
at  such  a  potential  that  the  insulating  strain 
from  the  secondary  winding  to  the  primary 
is  reduced  far  belozv  the  danger  zone. 

Fourth.  The  subdivision  of  the  second- 
ary coil. 

What  I  have  tried  to  explain  is  only  an 
example;  but  by  the  introduction  of  these 
principles  into  the  building  of  transformers, 
it  was  possible  to  introduce  such  constancy 
in  the  work  of  various  clinics  that  the  condi- 
tions could  be  reproduced  over  and  over 
again.  When  using  the  200,000  volt  Cool- 
idge  tube,  it  was  possible  to  work  with  defi- 
nitely determined  tension  and  corresponding 
rays;  the  feeding  alternating  current  being 
entirely  of  the  same  sine  curve.  The 
biological  results  of  the  different  clinics 
can  now  be  compared  and  repeated. 

Some  of  the  completed  transformer  in- 
stallations built  under  these  principles  are 
shown  in  Figures  10,  16,  and  17. 

We  have  been  constructing  the  type  of  ap- 
paratus with  open  iron  core  (Fig.  10)  in 
Germany  because  of  the  generally  enter- 
tained fear  of  danger  to  life  from  high  elec- 
trical discharges  from  closed  core  trans- 
formers. The  apparatus  with  current  trans- 
former and  closed  core  (Fig.  16)  and  the 
apparatus    with    closed    core    and    current 


transformer  on  the  same  iron  core  (Fig.  17) 
are  more  efficient.  The  difficulty  of  produc- 
ing high  voltages  is  overcome,  the  trans- 
former can  be  made  smaller  and  at  a  lesser 
cost  than  heretofore.  There  is  still  the  neces- 
sity of  applying  this  voltage  through  a  rotary 
or  kenetron  distributer  or  rectifier  to  the 
tube.  We  have  succeeded  in  the  research  lab- 
oratory in  operating  Coolidge  tubes  at 
200,000  volts  without  rectifier  on  alternating 
current,  but  there  are  a  numl)er  of  draw- 
backs. When  it  becomes  possible  to  send 
still  larger  currents  through  a  tube  it  will  be 
possible  to  cut  down  the  time  of  treatment 
by  applying  an}-  doses  wanted  at  any  part  of 
the  body  according  to  the  laws  of  homo- 
geneous irradiation  without  burning  the  skin 
or  other  sensitive  parts. 

I  do  not  want  to  leave  the  impression  that 
now  all  cancer  growths  can  be  cured.  I  am  a 
physicist  and  limit  myself  to  investigating 
the  principal  problems  by  scientific  means. 
I  am  convinced,  and  you  will  agree  with  me, 
if  I  say  that  wherever  nature  may  show  us 
physical  or  chemical  means  by  which  a 
chance  is  given  us  to  help  the  sick,  we  must 
make  an  exact  study  of  its  possibilities.  And 
the  opportunity  to  help  will  be  lost  if  we  do 
not  study  the  conditions  shown  us  by  nature ; 
but  it  becomes  a  good  chance  if  we  get  at 
a  physical  method  well  studied  and  not  left 
to  chance.  When  to  make  use  of  such  meth- 
ods and  to  what  extent  Ldo  not  know;  na- 
ture will  show  this  to  the  medical  man.  I 
know  that  my  part  of  the  work  was  and  will 
remain  to  sharpen  the  weapons  with  which 
the  medical  man  can  fight  disease. 


THE  EFFECTS  OF  SCATTERED  X-RAYS  IN  RADIOGRAPHY* 

By  R.  B.  VVILSEY 

Communication  No.   125    from  the  Research  Lal>oral()ry  of  the  Eastman  Kodak  Company 

KOCHKSTEK,    NEW    YORK 


IN  a  recent  paper  on  the  "Intensity  of 
Scattered  A'-Rays  in  Radiography,"^  the 
author  presented  data  sho\ying  the  relatiyely 
high  intensities  of  scattered  radiation  reach- 
ing the  film  under  conditions  similar  to  those 
in  the  radiography  of  deep  parts.  For  in- 
stance in  radiographing  through  4  inches  of 
water,  it  was  found  that  71  per  cent  of  the 
radiation  affecting  the  film  was  scattered 
radiation;   for  6  inches  of  water  this  pro- 


in  color  or  hrightness  with  its  hackground. 
Within  certain  limits,  the  greater  the  con- 
trast of  an  object  with  its  background,  the 
greater  is  its  visibility.  The  apparent  con- 
trast is  also  greater  when  the  dividing  line 
between  object  and  background  is  sharp 
than  when  the  outline  is  diffuse,  hence  the 
importance  of  good  definition.  The  better 
the  definition  the  more  information  is  ob- 
tainable  about   the   finer   structural  details. 


portion  was  83  per  cent,  and  for  8  inches     Contrast  in  the  finer  details  and  definition 


of  water,  88  per  cent.  These  values  were  for 
a  5  inch  spark  gap,  20  inch  target-film  dis- 
tance, and  with  no  cone  or  diaphragm  limit- 
ing the  rays  other  than  the  circular  opening 
in  the  lead  glass  shield  surrounding  the  radi- 
ator type  Coolidge  tube.  It  is  evident  that 
such  large  intensities  of  scattered  radiation 
should  produce  a  considerable  effect  upon 
the  quality  of  the  radiograph.  Except  in 
some  simple  cases  it  would  l)e  difficult  to  es- 
timate quantitatively  what  would  be  the  ef- 
fects of  any  given  intensity  of  scattered 
radiation  upon  the  radiographic  quality.  It 
was  the  purpose  of  the  present  experiments 
to  obtain  some  measurements  of  the  effects 
of  scattered  radiation  under  typical  condi- 
tions, and  to  compare  the  eft'ects  of  reducing 
scattered  radiation  with  the  results  obtained 
by  other  methods  of  improving  the  quality 
of  radiographs  of  deep  parts,  such  as  the  use 
of  intensifying  screens  and  reducing  the 
spark  gap. 


are  closely  related ;  however,  it  is  not  the 
purpose  here  to  analyze  the  connection  be- 
tween contrast  and  definition  but  rather  to 
use  the  measurement  of  these  factors  in 
comparing  the  values  of  various  methods  in 
radiographic  technique. 

The  relation  of  intensifying  screens  to  the 
problem  of  scattered  radiation  is  also  of 
special  interest ;  the  improvement  in  con- 
trast produced  by  intensifying  screens  in  the 
radiography  of  deep  parts  has  given  rise  to 
the  belief  that  intensifying  screens  reduce 
the  effects  of  the  scattered  rays.  Experi- 
ments were  therefore  performed  to  study 
the  reaction  of  intensifying  screens  to  scat- 
tered rays  and  to  determine  how  the  action 
of  intensifying  screens  compares  with  the  ef- 
fects of  an  actual  reduction  in  intensity  of 
the  scattered  radiation. 

In  the  experiments  upon  contrast,  a  set  of 
artificial  conditions  were  chosen  as  being 
fairly  typical  of  those  occurring  in  the  radio- 


The   two  physical  characteristics  of  the  graphy  of  deep  parts.  The  experimental  ar- 

radiographic  image  which  govern  its  diag-  rangement    is    illustrated    in    the    diagram 

nostic  value  are  its  contrast  and  its  defini-  shown  in   Fig.    i.    The   scattering  material 

tion.f  Any  sign  or  detail  in  a  radiograph  is  was  a  depth  of  6  inches  of  water  contained 

distinguishable   by    reason    of    its    contrast  in  a  tank  12  inches  square;  the  bottom  of 

with  surrounding  areas,  just  as  any  object  the  tank  was  of  aluminum  1/32  inch  thick. 


in  nature  is  visible  by  reason  of  its  contrast 

fThe  influence  of  the  preparation  and  positioning 
of  the  patient  upon  the  diagnostic  value  of  the  radio- 
graph is  a  medical  question  and  is  outside  the  scope 
of  the  present  investigation. 


Immersed  in  this  was  a  block  of  beef  bone 
3/8  inch  thick  and  about  I/2  inch  square.  The 
tank  rested  on  a  lead  sheet  1/16  inch  thick, 
in  which  was  a  circular  hole  3  inches  in  di- 
ameter. The  film  in  a  cassette  or  exposure 
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Fig.  I.  Diagram  of  experimental  arrangement  in 
experiments  on  contrast.  S,  scattering  material ;  B, 
small  block  of  beef  bone;  D,  lead  diaphragm  with 
3  inch  aperture ;  F,  photographic  film  ;  L,  sheet  of 
lead. 

holder  \va.s  supported  directly  beneath  the 
lead  sheet  and  could  be  placed  so  as  to  re- 
ceive the  exposure  through  the  3  inch  aper- 
ture on  any  portion  of  the  film;  by  this 
means  six  exposures  could  be  obtained  on 
one  8x10  film.  The  block  of  beef  bone 
placed  in  the  center  of  the  tank  was  in  the 
path  of  the  central  ray  and  its  shadow  fell 
on  the  film  in  the  center  of  the  circular  aper- 
ture in  the  lead  sheet. 

The  first  experiment  was  carried  out  to 
determine  the  effect  of  "undercutting"  of 
scattered  radiation.  When  an  object  em- 
bedded in  scattering  material  is  close  to  the 
film,  it  absorbs  the  diffuse  rays  as  well  as 
the  focal  rays,  thereby  keeping  the  ratio  of 
their  intensities  about  the  same.  If  the  ob- 
ject is  some  distance  away  from  the  film, 
scattered  rays  may  pass  underneath  the  ob- 
ject with  their  intensity  unaffected  by  its 
presence,  while  the  focal  rays  are  absorbed 
as  much  as  before.  This  effect  is  illustrated 
in  Figure  2.  The  result  is  that  in  the  shadow 
of  this  object  the  ratio  of  diffuse  to  focal 


radiation  has  been  increased,  as  is  shown  by 
the  following  experiment.  The  block  of  beef 
bone,  immersed  in  6  inches  of  water,  was 
radiographed  at  various  distances  from  the 
bottom  of  the  aluminum  tank,  the  expos- 
ures being  made  upon  adjacent  portions  of 
one  sheet  of  film.  Four  such  films  were  made, 
the  exposure  conditions  being  the  same 
throughout:  5  inch  spark  gap,  3.8  ma.,  20 
inch  target-film  distance,  and  exposure  time 
twenty  seconds ;  the  films  were  given  the 
standard  development  of  five  minutes  in  a 
tank  of  Elon-hydroquinone  developer  at  65° 
F.  The  density  difference  between  the 
shadow  of  the  beef  bone  and  the  surround- 
ing area  was  measured.  The  mean  values 
from  the  four  films  are  recorded  in  Table  I. 
The  loss  of  contrast  is  quite  marked  as  the 
section  of  bone  is  moved  away   from  the 


Fig.  2.  Diagram  illustrating  "undercutting"  of  scat- 
tered radiations. 
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.17 

.40 

2  inches 

1.36 

I-5I 

•15 

.36 

3  inches 

1.38 

1.50 

.12 

.28 

4  inches 

1-39 

1.52 

•13 

•31 

5  inches 

1.40 

1-53 

•13 

•31 

film,  most  of  the  decrease  occurring  within 
a  distance  of  two  inches ;  for  all  greater  dis- 
tances, the  contrast  is  practically  constant, 
and  has  about  one-third  the  value  obtained 
when  the  beef-bone  is  close  to  the  film.  If 
there  were  no  scattered  radiation  the  con- 
trast in  the  radiograph  would  be  independ- 
ent of  the  position  of  the  beef  bone  in  the 
w^ater. 

The  effects  upon  contrast  of  various 
types  of  technique  were  investigated  in  a 
somewhat  similar  manner.  Under  a  given 
set  of  conditions  the  section  of  beef  bone 
immersed  in  water  was  radiographed,  a 
series  of  exposures  being  made  on  successive 
areas  of  an  8  x  to  film.  The  densities  of  the 
shadows  of  the  beef  bone  and  of  the  sur- 
rounding areas  were  measured  and  the  cor- 
responding differences  in  density  between 
the  bone  shadow  and  the  surounding  area 
were  plotted  against  the  density  of  the  sur- 
rounding area;  this  density  difference  is  a 
measure  of  the  contrast  obtained  in  the 
given  experiment.  Figure  3  shows  some 
curves  obtained  in  this  way.  The  density  of 
film  in  the  shadow  of  the  section  of  bone  is 
designated  by  Db,  while  the  density  of  the 
surrounding  area,  produced  by  radiograph- 
ing through  water  alone,  is  indicated  by  Dw. 
The  difference,  Dw-Db,  is  plotted  against 
Dw.  In  this  case,  the  section  of  bone  was  2 
inches  from  the  bottom  of  the  aluminum 
tank  which  contained  water  to  a  depth  of  6 
inches.  The  tul:)e  was  run  at  a  5  inch  spark 
gap  with  a  current  of  3.4  ma.  and  a 
target  film  distance  of  20  inches;  the  films 
were  given  the  usual  standard  development. 
Each  curve  is  the  result  of  two  such  films. 
Curve  I  was  made  with  only  the  lead  glass 
shield  limiting  the  rays  (image  diameter  20 


inches)  ;  curve  2  shows  the  eft'ect  of  dia- 
phragming  the  image  size  to  4  inches,  and 
curve  3  the  effect  of  decreasing  it  to  i^ 
inches.  Figure  4  shows  the  effect  of  double 
intensifying  screens  upon  the  contrast,  the 
exposures  being  made  with  a  tube  current  of 
10  ma.,  otherwise  the  exposure  conditions 
were  the  same  as  in  the  previous  experi- 
ment. Curve  I  represents  the  results  without 
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Fig.  3.  Curves  showing  improvement  of  contrast 
produced  by  circular  diaphragms  over  the  scatter- 
ing material.  Each  abscissa  value  is  the  density  of 
film  exposed  through  the  water,  and  the  corres- 
ponding ordinate  is  the  contrast  between  that 
density  and  the  density  in  the  shadow  of  the  beef 
bone.  Curve  i  is  for  an  image  diameter  of  20 
inches;  Curve  2,  image  diameter  4  inches;  and 
Curve  3,  image  diameter  i^  inches. 
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Fig.  4.  Curves  showing  the  effect  of  double  intensi- 
fying screens  upon  the  contrast;  Curve  i,  plain 
duplitized  film,  and  Curve  2,  duplitized  film  be- 
tween double  screens. 
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screens  and  cur\e  2  the  values  obtained  with 
the  double  screens.  The  average  density  dif- 
ference (Dw-Db)  obtained  with  intensifying 
screens  in  this  case  is  60  per  cent  greater 
than  that  obtained  with  the  film  alone. 

The  effect  of  diaphragms  in  improving 
the  contrast  is  not  always  as  great  as  is  in- 
dicated by  the  curv'es  of  Figure  3  ;  the  effect 
was  found  to  vary  with  the  distance  of  the 
beef  bone  from  the  film.  The  improvements 
in  contrast  produced  by  various  sizes  of 
cones  or  diaphragms,  by  double  intensifying 
screens,  and  by  reducing  the  spark  gap  from 
5  inches  to  3  inches,  with  the  beef  bone  at 
various  distances  from  the  film,  are  shown 
in  Table  II.  A  thickness  of  6  inches  of  water 


some  distance  from  the  film  and  is  greater 
in  this  case  than  the  effect  obtained  with  in- 
tensifying screens.  When  the  beef  bone  is 
close  to  the  film,  diaphragming  has  much 
less  effect  on  the  contrast,  the  effect  obtained 
in  these  experiments  being  less  than  that  ob- 
tained with  intensifying  screens  or  by  re- 
ducing the  spark  gap;  even  in  this  case 
if  more  of  the  scattered  rays  were  removed, 
the  contrast  would  probably  exceed  that  ob- 
tained by  the  other  methods.  The  values  ob- 
tained in  these  contrast  experiments  would 
have  been  somewhat  different  if  an  object  of 
different  absorption  had  been  used  instead 
of  the  section  of  beef  bone ;  however,  the 
character    of    the    results    illustrates    quite 


Relative  Density  Differences 
Exp.    Spark  Gap      Tube     Image  Di-   Intensi-   Beef  Bone        Beef  Bone 
No.      in  inches      Current    anieter  in      fying       inhottoin       front  bottom 
(ma.)       inches       Screens  of  6"  water     i"  2" 


I 

5 

4 

20.0 

none 

1. 00 

1. 00 

1.00 

2 

5 

4 

4.0 

none 

115 

1.96 

1.80 

3 

5 

4 

175 

none 

1-35 

307 

311 

4 

3 

7 

20.0 

none 

1.46 

1-53 

1-55 

5 

5 

10 

20.0 

double 

1.54 

1.76 

1.61 

was  the  scattering  material.  The  diameter  of 
the  image  as  limited  by  the  cone  or  dia- 
phragm, with  the  target-film  distance  kept 
at  20  inches,  is  given  as  a  measure  of  the 
degree  of  diaphragming  of  the  rays. 

The  average  density  differences  were  ob- 
tained from  curves  like  those  shown  in  Fig- 
ures 3  and  4;  that  obtained  upon  plain  dupli- 
tized  film  with  a  5  inch  spark  gap  and  image 
diameter  of  20  inches  was  taken  as  unity  in 
each  case  so  that  the  figures  given  in  this 
table  represent  the  magnification  of  the  con- 
trast produced  by  variations  from  this  tech- 
nique. 

The  effect  of  double  screens  upon  the  con- 
trast is  seen  to  be  about  the  same  for  each 
position  of  the  beef  bone; (Exp.  No.  5)  the 
variations  in  the  observ^ed  values  cannot  be 
taken  as  indicating  definite  differences  in 
contrast.  The  same  can  be  said  of  the  effect 
of  reducing  the  spark  gap  to  3  inches  (Exp. 
No.  4).  The  improvement  in  contrast  pro- 
duced by  diaphragming  down  (Exp.  Nos.  i 
-3)  is' greatest  when  the  section  of  bone  is 


clearly  the  action  of  the  scattered  rays,  and 
shows  the  degree  of  improvement  possible 
when  their  intensity  is  reduced. 

Scattered  radiation  reduces  the  contrast 
in  all  parts  of  the  radiograph ;  its  greatest 
effect  is  upon  portions  of  the  subject  at  some 
distance  from  the  film  so  that  portions  near 
the  film  show  up  most  clearly  and  the  por- 
tions away  from  the  film  show  less  clearly 
or  not  at  all.  The  effect  of  reducing  scattered 
radiation  is  to  improve  most  the  contrast  in 
portions  of  the  subject  away  from  the  film, 
so  that  all  portions  of  the  subject  show  up 
in  the  radiograph  more  nearly  according  to 
their  true  absorption  for  .r-rays.  Greater 
contrast  can  be  secured  by  a  reduction  of  the 
scattered  radiation  than  by  the  use  of  in- 
tensi fving  screens  or  by  reducing  the  spark 
gap;  this  advantage  is  greatest  for  portions 
of  the  subject  at  a  distance  from  the  film. 

An  experiment  was  performed  to  deter- 
mine the  effect  upon  contrast  of  using  a 
filter  between  the  scattering  material  and  the 
film.  The  beef  bone  was  immersed  in  a  depth 
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of  6  inches  of  water  at  a  distance  of  i 
inch  from  the  bottom  of  the  tank.  Four 
films  with  six  different  exposures  on  each 
were  made  without  the  filter  and  four  sim- 
ilar films  were  made  with  a  filter  of  .ooi 
inch  of  lead  foil  between  the  scattering 
material  and  the  film.  All  the  films  were  de- 
veloped alike.  The  average  density  differ- 
ence obtained  with  and  without  the  filter 
agreed  within  one  per  cent.  Such  good 
agreement  is  accidental,  but  it  shows  that  a 
filter  used  in  this  way  is  of  no  appreciable 
benefit  and  its  only  effect  is  to  increase  the 
exposure.  In  the  previous  investigation  it 
had  been  found  that  this  thickness  of  lead 
foil  reduced  the  proportion  of  diffuse  radia- 
tion from  83  per  cent  to  79  per  cent.  Owing 
to  the  absorption  of  softer  rays  in  the  lead 
foil  the  image  is  produced  by  harder  rays 
which  give  less  contrast  and  counteract  the 
improvement  to  be  expected  from  the  lower 
relative  intensity  of  scattered  radiation. 

Scattered  radiation  is  not  reduced  by  giv- 
ing a  light  exposure.  Under  any  set  of  con- 
ditions, the  scattered  radiation  reaching  an 
area  of  the  film  is  a  certain  definite  propor- 
tion of  the  total  radiation  on  that  area  and 
whenever  any  radiation  at  all  is  recorded  by 
the  photographic  surface,  the  scattered  rays 
produce  their  definite  proportional  effect. 
The  curves  which  have  been  exhibited 
(Figs.  3  and  4)  show  that  the  contrast  (Dw 
-Db)  increases  with  exposure;  underexpos- 
ure simply  adds  its  effect  to  the  scattered 
radiation  in  reducing  contrast. 

The  values  of  various  techniques  in  show- 
ing up  very  faint  differences  in  absorption 
were  compared  by  radiographing  a  disk  of 
celluloid  i/io  inch  thick  immersed  in  a 
depth  of  6  inches  of  water  at  a  distance  of 
2  inches  from  the  bottom.  A  radiograph 
made  with  a  5  inch  spark  gap,  20  inch 
target-film  distance,  and  a  20  inch  image 
diameter  failed  to  show  the  disk ;  it  was  not 
shown  by  the  use  of  double  intensifying 
screens,  nor  by  reducing  the  spark  gap  to  3 
inches.  However,  it  could  be  detected  when 
the  image  size  was  diaphragmed  to  i  ^ 
inches  and  was  easily  visible  when  the  im- 
age diameter  was  reduced  to  ^  inch  (at  5 


inch  spark  gap  with  plain  dupliiized  film). 

A  celluloid  disk  of  double  the  thickness 
(i/S  inch)  immersed  in  6  inches  of  water 
at  a  distance  of  2  inches  from  the  bottom 
was  also  radiographed  by  these  \arious  tech- 
niques. The  shadow  of  the  disk  could  not  be 
detected  with  any  certaintx  in  the  radio- 
graph made  in  the  ordinar\-  wa\-  with  the 
20  inch  image  diameter.  An  extremely  faint 
shadow  was  produced  with  double  intensify- 
ing screens;  the  shadow  made  with  the  3 
inch  spark  gap  was  also  scarcely  perceptible. 
By  diaphragming  the  image  to  4  inches  in 
diameter,  the  shadow  obtained  was  quite 
definite,  and  further  improvement  was  ob- 
tained by  diaphragming  the  image  to  di- 
ameters of  i^  inches  and  •)4  inch. 

These  experiments  upon  detecting  faint 
difference  in  A--ray  absorption  are  very  crit- 
ical tests  of  the  value  of  any  type  of  tech- 
nique. Usually  it  is  much  easier  to  increase 
contrasts  in  details  that  are  already  visible 
in  a  photograph  than  to  bring  out  details 
that  previously  could  not  be  detected.  Re- 
ducing the  intensity  of  scattered  radiation, 
in  addition  to  improving  the  general  appear- 
ance of  the  radiograph,  brings  out  definitely 
faint  differences  in  absorption  that  cannot 
be  shown  by  other  means  at  our  disposal 
and  therefore  enables  new  information  to  be 
obtained  which  was  not  available  by  other 
methods. 

The  double  intensifying  screen  is  not  so 
suitable  for  detecting  faint  differences  in 
density  when  the  finest  definition  is  in- 
volved. In  radiographing  a  thin  layer  of 
cardboard,  with  no  scattering  material  pres- 
ent, the  intensifying  screens  did  not  show 
up  the  cardboard  as  well  as  the  film  alone, 
owing  to  the  fact  that  the  film  showed  clearly 
the  sharp  outlines  of  the  cardboard  whereas 
the  screens  did  not ;  the  apparent  contrast 
between  two  adjacent  areas  is  greater  when 
the  dividing  line  is  sharp.  But  intensifying 
screens  are  intended  only  for  the  radi- 
ography of  thick  parts,  where  the  definition 
obtainable  as  a  rule  can  be  recorded  satis- 
factorily by  good  intensifying  screens. 
Under  such  conditions  the  superior  con- 
trast   produced    by    double    screens  .  gives 
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them  a  sHght  advantage  in  detecting  faint 
differences  in  absorption.  However,  better 
results  are  obtained  when  the  scattered  radi- 
ation is  sufficiently  reduced.  When  scattered 
radiation  can  be  eliminated  to  a  considerable 
extent,  single  screens  will  be  better  able  to 
take  advantage  of  the  improved  definition 
and  will  probably  give  all  the  contrast 
necessary. 

The  data  in  Table  II  show  that  the  action 
of  intensifying  screens  is  not  exactly  ecjuiva- 
lent  to  a  reduction  in  intensity  of  the 
scattered  rays ;  intensifying  screens  appear 
to  give  the  same  magnification  of  the  con- 
trast, regardless  of  the  distance  of  the  object 
from  the  film,  whereas  the  removal  of  scat- 
tered radiation  has  a  very  different  effect  ac- 
cordingly as  the  object  is  near  the  film  or 
away  from  it.  To  determine  how  much  less 
intensifying  screens  record  the  relative  in- 
tensity of  the  scattered  rays  than  does 
duplitized  film,  measurements  were  made  by 
the  method  described  in  the  former  paper^. 
A  small  lead  disk  was  supported  at  the  sur- 
face of  the  water.  In  the  shadow  of  this  disk 
only  diffuse  rays  could  affect  the  film,  and 
outside  its  shadow  the  total  of  diffuse  and 
focal  radiation  fell  on  the  film.  The 
relative  intensities  of  diffuse  and  total 
radiation  recorded  by  the  combination 
of  film  with  intensifying  screens  was 
measured  by  the  method  previously  de- 
scribed, the  relative  intensities  being  de- 
termined by  the  exposures  required  to  pro- 
duce equal  densities  on  the  film.  When  films 
alone  were  used,  the  exposure  was  varied  by 
varying  the  time  with  .r-ray  intenstiy  con- 
stant, on  the  assumption  that  a  change  in 
the  exposure  time  is  equivalent  in  its  photo- 
graphic effect  to  the  same  proportional 
change  in  intensity.  This  assumption  holds 
true  for  plain  duplitized  film  under  ordinary 
radiographic  conditions,  but  it  does  not  hold 
for  intensifying  screens.  When  screens  are 
used,  a  given  increase  in  jr-ray  intensity  pro- 
duces a  greater  photographic  effect  than  the 
same  proportional  increase  in  the  exposure 
time.  The  time  and  intensity  required  to  pro- 
duce a  given  photographic  density  are  not 
inversely  proportional  to  each  other.   Con- 


sequently serious  errors  would  occur  if  in 
the  case  of  intensifying  screens  the  time 
alone  were  varied  and  the  intensities  as- 
sumed inversely  proportional  to  the  times 
required  to  give  equal  photographic  densit- 
ies. Therefore  in  these  experiments  with  in- 
tensifying screens,  the  exposure  time  was 
kept  constant  and  the  .t'-ray  intensity  alone 
was  varied  by  control  of  the  tube  current. 
The  voltage  on  the  tube,  as  determined  by 
the  sphere  gap  for  each  current,  was  kept 
constant.  The  relative  intensities  of  diffuse 
and  total  radiation  were  taken  as  inversely 
proportional  to  the  tube  current  required  to 
produce  equal  densities  with  the  two  radia- 
tions, all  other  conditions  remaining  con- 
stant. The  radiator  type  Coolidge  tube  was 
run  at  60  kilovolts  with  target-film  distance 
of  20  inches.  A  6  inch  depth  of  water  en- 
closed in  a  12  X  12  inch  aluminum  tank  was 
the  scattering  material. 

The  data  obtained  on  three  types  of  in- 
tensifying screens,  A,  B,  and  C,  are  given  in 
Table  III ;  each  value  is  the  mean  obtained 
from  ten  to  twelve  films  with  six  exposures 
on  each  film.  The  screens  were  used  in  an 
aluminum  cassette.  The  results  obtained 
with  them  are  compared  with  the  values  for 
plain  duplitized  film  loaded  in  the  same  cas- 
sette. The  value  for  film  loaded  in  card- 
board holders  is  also  given.  The  aluminum 
top  of  the  cassette  acts  as  a  filter  and  itself 
reduces  slightlv  the  ratio  of  diffuse  to  total 
radiation. 


Type  of  Intensifying         Ratio  Diffuse  Ratio  Diffuse 
Screen  to  Total  to  Focal 

Radiation         Radiation 


Duplitized  Film,  no 
screens,  in  cardboard 
holder 

Duplitized  Film,  no 
screens,  in  aluminum 
cassette 

A    Single   Screen 

A   Double  Screen 

B    Single   Screen 

B   Double  Screen 

C    Single   Screen 

C   Double   Screen 


.83 


4.9 


.81 

4-3 

.80 

4.0 

.78 

3-5 

.79 

3.8 

■77 

i-i 

.80 

4.0 

■77 

3-3 

These  values  are  independent  of  any  con- 
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trast  effects  produced  by  the  screens;  they 
show  that  intensifying  screens  do  record  the 
scattered  radiation  less  in  proportion  to  the 
direct  rays  than  plain  duplitized  films.  The 
effect  is  not  large,  but  enough  to  produce  a 
noticeable  increase  in  contrast.  The  use  of 
double  intensifying  screens  reduces  the  ratio 
of  diffuse  to  total  radiation  from  4.3  to  3.4 
a  decrease  of  21  per  cent.  In  every  case  the 
double  screen  is  seen  to  be  slightly  more 
effective  than  the  single  screen.  The  three 
types  give  practically  the  same  results;  the 
small  differences  may  be  attributed  to  ex- 
perimental error.  There  is  no  doubt  that  part 
of  the  increased  contrast  given  by  intensify- 
ing screens  is  due  to  their  lower  relative 
sensitiveness  to  scattered  rays.  However,  it 
is  evident  that  intensifying  screens  are  far 
from  being  a  solution  of  the  problem  of 
scattered  radiation  inasmuch  as  they  lower 
only  slightly  the  proportion  of  scattered  radi- 
ation reaching  the  film ;  they  still  leave  much 
room  for  improvement.  The  experiments  on 
contrast  showed  that  a  higher  contrast  could 
be  obtained  by  reducing  the  intensity  of 
scattered  rays  than  by  the  use  of  intensify- 
ing screens.  However,  the  gain  in  contrast 
produced  by  a  reduction  of  the  scattered 
rays  can  be  enhanced  by  the  use  of  intensify- 
ing screens,  and  the  screens  tend  to  offset 
the  loss  in  jr-ray  intensity. 

For  the  experiments  in  definition,  a  defini- 
tion, test  object  was  made  up  of  16  wire 
gauzes  ranging  from  no  to  i'So  meshes  per 
inch.  The  spacing  of  the  meshes  was  meas- 
ured with  a  micrometer  microscope.  Each 
gauze  was  about  y^  inch  square  and  the 
whole  set  was  mounted  together  between 
two  squares  of  cardboard.  The  definition 
test  object  was  radiographed  at  various 
distances  from  the  film  and  with  varying 
amounts  of  scattering  material.  A  medium 
focus  radiator  type  Coolidge  tube  was  used, 
running  at  60  kilovolts  with  a  target  film 
distance  of  20  inches.  The  films  were  given 
the  usual  standard  development  of  five 
minutes  in  Elon-hydroquinone  developer  at 
65°  F.  The  best  definition  obtainable  under 
each  set  of  conditions  is  recorded  in  Table 
IV.  In  some  cases  the  finest  gauze  available, 


280  meshes  per  inch,  was  not  fine  enough  to 
test  the  limit  of  definition,  and  in  these  cases 
the  result  is  indicated  by  >28o  (greater 
than  280)  ;  in  other  cases,  the  coarsest  mesh 
could  not  be  resolved  and  the  result  is  in- 
dicated by  <  1 10  (less  than  no).  The  radio- 
graphs were  examined  with  a  small  mag- 
nifier (lox)  and  the  finest  gauze  whose 
meshes  could  be  distinguished  over  its  whole 
area  was  taken  as  representing  the  best  def- 
initions obtainable  under  the  conditions  of 
the  experiment;  special  effort  was  made  to 
maintain  the  same  criterion  of  judgment  in 
examining  all  the  tests. 

The  differences  between  the  definition 
with  and  without  the  water  show  the  large 
effect  produced  by  the  scattering  material. 
Probably  part  of  the  loss  in  definition  is  pro- 
duced by  selective  absorption  of  the  softer 
rays,  but  undoubtedly  most  of  it  caused  by 
scattering.  As  the  test  object  is  moved  away 
from  the  film,  the  definition  is  diminished 
by  reason  of  the  size  of  the  focal  spot,  but  it 
is  reduced  a  great  deal  more  bv  the  scattered 
radiation. 

When  the  test  object  is  away  from  the 
film,  the  "undercutting"  of  the  scattered 
rays  has  a  serious  effect  upon  definition,  as 
is  shown  by  the  large  differences  in  defini- 
tion when  the  test  object  is  next  to  the  film 
and  when  it  is  i  or  2  inches  away.  Reduc- 
ing the  intensity  of  the  scattered  rays  by 
means  of  diaphragms  produces  a  marked 
improvement  in  the  definition. 

Tests  of  the  definition  of  intensifying 
screens  made  without  scattering  material 
have  shown  that  their  definition  is  much 
poorer  than  that  of  plain  duplitized  film.^  It 
would  be  expected  that  in  radiographing 
thick  parts  this  difference  would  be  much 
less  marked  and  that  the  differences  between 
various  screens  in  definition  would  be  even 
less  noticeable. 

To  determine  the  effect  of  intensifying 
screens  upon  definition  in  radiographing 
through  a  scattering  material,  comparisons 
were  made  between  various  screens  and 
duplitized  film,  using  a  variety  of  conditions 
to  secure  a  wide  range  of  definition  values. 
The  data   from   these   experiments  are   re- 
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TABLE 

IV 

Distance  of 

Definition  in  meshes  per  inch 

definition 

Depth  of 

20  inch 

4  inch 

1 3/16  inch 

Definition 

test  object 

zvater 

image 

image 

diaphragm  at 

■with  no 

from  bottom 

(in  in  ches) 

diameter 

diameter 

surface  of 

scattering 

of  tank 

water 

material 

I 

>28o 

>28o 

>28o 

2 

>28o 

>28o 

>28o 

3 

>280 

>28o 

>28o 

o 

4 

280 

>28o 

>28o 

>28o 

6 

230 

>28o 

>28o 

8 

19s 

280 

>28o 

lO 

150 

230 

>28o 

2 

170 

190 

205 

3 

165 

180 

195 

I 

4 

155 

170 

190 

280 

6 

130 

160 

175 

8 

no 

145 

165 

lO 

<IIO 

130 

... 

4 

no 

120 

175 

2 

6 

<IIO 

<IIO 

150 

205 

8 

<IIO 

<IIO 

<IIO 

corded  in  Table  V,  for  three  types  of  screens, 
A,  B,  and  D. 

It  will  be  noted  that  the  differences  in  def- 
inition among  the  various  screens  and 
duplitized  film  show  up  under  most  of  the 
conditions  tried ;  but  when  the  conditions 
are  stich  that  poor  definition  is  obtained 
these  differences  become  small,  practically 
negligible,  as  is  shown  where  the  test  object 
is  I  inch  from  the  bottom  of  6  inches  of 
water.  The  better  the  definition,  the  more 
pronounced  are  the  differences  in  the  def- 
inition of  the  various  screens. 

In  radiographing  the  thickest  parts,  M'here 
the  portions  of  chief  interest  are  usually 
some  distance  from  the  film,  it  would  appear 
that  the  limitations  of  screens  in  the  matter 
of  definition  are  not  of  much  importance ; 
but  where  the  conditions  do  permit  of  good 


definition,  as  for  instance  when  it  is  possible 
to  bring  the  portions  of  chief  interest  close 
to  the  film  or  when  scattered  radiation  is 
considerably  reduced  by  means  of  a  dia- 
phragm, then  a  screen  having  good  defini- 
tion is  of  definite  advantage,  and  if 
the  best  possible  definition  is  demanded, 
screens  should  not  be  used,  provided,  of 
course,  that  satisfactory  immobilization  can 
be  secured.  In  reducing  the  intensity  of  scat- 
tered rays  by  a  diaphragm  the  increase  in  ex- 
posure required  makes  it  necessary  in  most 
cases  to  use  intensifying  screens ;  in  order  to 
secure  the  fullest  advantage  from  the  reduc- 
tion in  the  scattered  rays,  the  screens  em- 
ployed should  have  the  best  possible  defini- 
tion. 

In  the  tests  of  the  definition  of  the  screens 
without    scattering    material,    the    various 


Distance  of  Depth  of  Definition 

test  object  water  in  Duplitized  A               A               B              D 

from  bottom         inches  film  zvith-  single       double       single  double 

tank  out  screens  screen      screen      screen  screen 


0 

>28o 

>280 

280 

>280 

230 

6 

230 

185 

175 

120 

120 

2 

170 

155 

150 

130 

"5 

3 

165 

140 

130 

"5 

no 

4 

155 

120 

120 

no 

no 

6 

130 

no 

no 

<no 

<IIO 

8 

no 

<IIO 

<IIO 

<no 

<no 
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screens  used  were  in  the  following  order  as 
regards  excellence  of  definition: 

1.  A,  single 

2.  B,  single 

3.  A,  double 

4.  D,  double 

When  scattering  material  was  interposed, 
the  A  double  screen  was  found  to  have  bet- 
ter definition  than  the  B  single,  whereas  the 
reverse  was  the  case  without  scattering 
material.  This  observation  seemed  very  pe- 
culiar, but  several  repetitions  of  the  experi- 
ment gave  the  same  result.  The  explanation 
of  this  fact  will  probably  require  a  know- 
ledge of  the  factors  which  govern  the  defini- 
tion of  intensifying  screens,  such  as  the 
sizes  and  distribution  of  the  particles  of 
fluorescent  material  and  the  scattering  of 
light  and  .r-rays  within  the  fluorescent  layer. 

It  is  evident  that  tests  of  the  definition  of 
intensifying  screens  should  include  expos- 
ures made  through  a  scattering  material  to 
determine  the  value  of  the  definition  of  the 
screens  under  conditions  of  actual  use. 

In  the  matter  of  definition,  also,  it  is 
found  that  intensifying  screens  have  an  ef- 
fect upon  the  radiograph  other  than  that  of 
a  reduction  of  scattered  radiation ;  intensi- 
fying screens  tend  to  give  poorer  definition 
than  is  obtained  without  them,  while  a  re- 
moval of  scattered  rays  improves  the  defini- 
tion. The  primary  purpose  of  intensifying 
screens  is  to  diminish  the  exposure,  and  in 
doing  so  they  often  assist  greatly  in  over- 
coming the  loss  in  definition  from  motion  of 
the  patient.  Intensifying  screens  can  be  used 
with  advantage  in  the  examination  of  many 
types  of  cases  and  often  they  are  essential 
for  a  successful  radiograph.  To  point  out 
their  limitations,  however,  is  not  to  dis- 
parage their  value  when  properly  used.  The 
roentgenologist,  with  a  knowledge  of  the 
characteristics  of  his  screens  and  of  the  re- 
quirements of  the  case  under  examination, 
must  decide  in  each  case  whether  or  not  in- 
tensifying screens  are  likelv  to  give  the  best 
result. 

From  this  series  of  experiments,  it  is  ap- 
parent that  there  is  no  adequate  substitute 
for  an  actual  reduction  in  intensitv  of  the 


scattered  radiation,  other  methods  of  in- 
creasing the  contrast  do  not  have  the  same 
effect  as  the  removal  of  scattered  rays,  and 
do  not  give  as  much  improvement  in  con- 
trast or  definition  as  can  be  obtained  by  a 
sufficient  reduction  of  the  scattered  radia- 
tion. Most  important  of  all,  in  the  detection 
of  faint  differences  in  absorption,  the  re- 
moval of  scattered  radiation  can  give  results 
far  superior  to  any  other  technique. 

The  effects  of  tube  voltage,  filters,  and  in- 
tensifying screens  upon  the  proportion  of 
scattered  radiation  affecting  the  fi.lm  indicate 
that  the  scattered  rays  are  but  little  different 
in  quality  from  the  primary  rays,  and  there- 
fore there  is  no  prospect  of  effectively  sep- 
arating the  scattered  rays  from  the  primary 
rays  by  filters  having  a  selective  absorption, 
or  by  photographic  materials  having  a  special 
type  of  sensitiveness.  The  only  method  of  re- 
ducing scattered  radiation  to  any  consider- 
able extent  is  by  the  use  of  diaphragnis. 
These  may  restrict  the  scattering  by  limiting 
the  volume  of  material  rayed,  or  they  may 
be  arranged,  as  in  the  case  of  the  Bucky  dia- 
phragm, to  prevent  the  scattered  radiation 
from  reaching  the  film. 

Small  cones  or  diaphragms  placed  be- 
tween the  tube  and  the  scattering  material 
are  suitable  for  some  experimental  purposes, 
as  in  the  present  investigation,  but  they  have 
only  a  limited  application  in  practical  radio- 
graphv  on  account  of  the  small  sizes  of 
radiographs  they  allow.  What  is  required  is 
a  method  of  effectively  reducing  scattered 
radiation  over  a  large  area.  The  double  shot 
method,  developed  by  Dr.  L.  G.  Cole,  is  il- 
lustrated in  Figure  5.  One  slot  in  a  large 
sheet  of  lead  is  above  the  scattering  mater- 
ial, the  other  between  the  scattering  material 
and  the  film.  They  are  moved  simultan- 
eously in  a  horizontal  direction,  the  two  slots 
being  kept  in  line  with  the  focal  spot  which 
is  stationary.  The  exposure  is  made  through 
these  two  slots  as  they  move  along.  Dr.  Cole 
employed  also  a  third  slot  near  the  tube  to 
screen  off  radiation  from  other  parts  of  the 
tube  than  the  focal  spot.  He  found  that  this 
method  gave  a  considerable  reduction  of  the 
intensitv  of  the  scattered  ra>s  and  produced 
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Fig.  5.  Diagram  illustrating  the  double  slot  method 
of  reducing  scattered  radiation  over  a  large  area, 
the  slots  S  and  S'  in  sheets  of  lead  are  placed 
above  and  below  the  scattering  material  as  shown 
and  are  kept  in  line  with  the  focal  spot  while  being 
moved  in  a  horizontal  direction.  The  slot  S'  moves 
between  the  scattering  material  A  and  the  photo- 
graphic surface  P. 

great  improvement  in  radiographic  quahty. 
However  the  method  required  such  heavy 
continuous  exposures  as  to  make  it  imprac- 
ticable with  the  ordinary  ,r-ray  tubes.  A 
water-cooled  tube  would  be  necessary  to  get 
a  radiograph  in  one  continuous  exposure. 

Dr.  Potter's  modification  of  the  Bucky 
diaphragm"  has  proved  itself  to  be  a  very 
practical  method  of  reducing  scattered  radia- 


tion over  a  large  area  and  has  achieved  a 
well-deserved  popularity.*  The  remarkable 
results  obtained  with  the  Potter-Bucky  dia- 
phragm have  done  more  than  anything  else 
to  demonstrate  the  improvement  afforded 
by  a  reduction  of  the  scattered  rays.  There 
can  be  no  doubt  that  it  is  the  greatest  ad- 
vance in  radiographic  technique  in  recent 
years. 

In  conclusion,  it  must  be  pointed  out  that 
the  increased  exposure  required  when  scat- 
tered radiation  is  reduced  constitutes  an  ad- 
ditional source  of  danger.  Greater  care  must 
be  exercised  to  avoid  an  .r-ray  burn.  The 
Potter-Bucky  diaphragms  now  in  use  require 
about  three  or  four  times  the  normal  ex- 
posure, which  means  that  one  third  or  one 
quarter  as  many  radiographs  can  safely  be 
taken  as  by  the  ordinary  technique  without 
the  diaphragm.  It  is  practically  essential  in 
most  cases  that  intensifying  screens  be  used 
with  the  Bucky  diaphragm  to  reduce  this 
danger. 
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'  I  ""HE  niilliamperage  which  will  pass 
-■■  through  a  hot  cathode  roentgen-ray 
tube  increases  very  rapidly  with  the  temper- 
ature of  the  filament  and  hence  with  the 
heating  current.  To  avoid  fluctuations  in 
niilliamperage,  in  all  of  the  early  installa- 
tions a  storage  battery  was  used  as  a  con- 
stant source  of  heating  current.  The  storage 
battery  called  for  a  good  deal  of  attention 
and  was,  for  various  reasons,  far  from  ideal 
for  the  purpose.  It  has  been  almost  com- 
pletely superseded  by  the  "filament  trans- 
former." This  has  been  more  convenient, 
but  owing  to  line-voltage  fluctuation,  has  re- 
sulted in  greater  variability  in  the  niilli- 
amperage passing  through  the  tube. 

In  an  earlier  article^  the  author  has  al- 
luded to  attempts  to  hold  the  filament  cur- 
rent constant  by  means  of  magnetos,  boos- 
ters, iron  wire  ballasts,  and  various  other 
devices,  and  finalh-  by  means  of  a  special 
constant  potential  transformer.  The  last 
named  device  had  no  'time  lag  and  func- 
ioned  verv  well,  but  took  a  pretty  heavy 
current — often  1 8  to  20  amperes. 

The  above  efforts  were  all  directed  to- 
ward the  suppression  of  fluctuations  in  mil- 
liampereage  due  to  causes  external  to  the 
tube  itself.  Even  with  constant  filament 
temperature,  changes  in  niilliamperage  may 
take  place  due  to  vacuum  changes  in  the 
tube.  Certain  gases,  when  liberated  from  the 
electrodes  or  glass  walls,  will  cause  a  diminu- 
tion in  the  electron  emission  from  the  fila- 
ment, and  hence  in  the  niilliamperage. 

Mr.  W.  K.  Kearsley,  Jr.,  has  devised  a 

i.A.  summary  of  physical  investigation  work  in 
progress  on  tubes  and  accessories.  Am.  J.  Roent- 
genol., December,  1915,  p.  891. 

2W.  K.  Ke.\rsley,  Jr.  A  new  type  of  stabilizer  for 
use  with  the  Coolidge  tube.  This  was  described  by 
Mr.  Kearsley  in  a  paper  read  December  15,  1920,  at 
the  Chicago  meeting  of  the  Radiological  Society  of 
North  America. 

*Read   at   the   Midwinter   Meeting  of   the  Eastern    Section   cf 

January  2 


stabilizer"  which  works  on  an  entirely  dif- 
ferent principle  and  is  much  more  ambitious 
in  its  aim.  It  does  not  attempt  to  hold  filament 
current  constant  but,  rather,  automatically 
varies  it  as  required  to  maintain  constant 
niilliamperage  through  the  tube.  It  accomp- 
lishes this  result  regardless  of  line-voltage 
changes  and  regardless  of  internal  vacuum 
changes.  The  following  description  of  this 
stabilizer  is  taken  from  Mr.  Kearsley's 
article: 

"The  stabilizer  is  operated  directly  by  the 
high  tension  current  which  flows  through 
the  .r-ray  tube.  An}-  change  in  this  high 
tension  current  causes  the  stabilizer  to  act 
directly  on  the  current  flowing  through  the 
filament.  If  for  any  reason  the  high  tension 
current  through  the  tube  tends  to  drop,  the 
stabilizer  immediately  increases  the  filament 
current  sufficiently  to  prevent  the  drop.  The 
same  holds  true  for  a  rise  in  high  tension 
current ;  the  filament  current  in  this  case  is 
immediately  lowered  enough  to  keei)  the 
niilliamperage  at  the  desired  Aalue. 

Figure  i  shows  diagramniatically  the 
principle  upon  w^hich  the  stabilizer  operates. 
A  is  an  electromagnet  which  is  connected 
directlv  into  the  high  tension  circuit.  .Ml  of 


XRAV  TUBE 


HIGH  TENSION  ^.-"^  /WW\ 
TRANSrORMER 


Fig.  I. 

the  high  tension  current  passes  through  this 
magnet.  B  is  an  iron  armature  which  is  free 
to  vibrate  when  current  passes  through  the 

The   Americ.\.\    Roemcen    Ray    Society,    .\tlantic    City,   N.    J., 
8,  29,    1921. 
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magnet  A.  C  and  D  are  contacts.  One  of 
these  is  fastened  to  armature  B  and  moves 
with  it,  while  the  other  remains  fixed.  These 
contacts  are  in  series  with  the  filament  in  the 
;r-ray  tube.  There  is  also  a  small  fixed 
resistance  R,  which  is  connected  across  the 
wires  leading  to  the  contacts.  S  is  a  spring 
which  pulls  the  armature  away  from  the 
magnet. 

The  operation  is  as  follows: 

We  will  assume  that  a  small  current  of  say 
I  or  2  ma.  is  allowed  to  flow  through  the 
tube  and  magnet  A.  This  current  exerts  a 
pull  on  the  armature  B,  but  if  the  spring  S 
is  sufficiently  strong  the  armature  will  not 
move.  Now  if  the  current  is  increased  to  say 
10  ma.  the  magnet  overcomes  the  tension  of 
spring  S,  and  the  armature  moves  toward 
the  magnet.  The  instant  the  armature  moves, 
contacts  C  and  D  separate,  and  the  current, 
which  was  flowing  through  these  contacts  to 
the  filament,  now  has  to  pass  through  the 
small  resistance  R.  This  resistance  im- 
mediately lowers  the  filament  current,  which, 
of  course,  keeps  the  high  tension  current 
through  the  tube  from  going  higher.  This 
operation  is  repeated  for  each  cycle  of  high 
tension  current  passing  through  the  tube. 

It  will  be  seen  then  that  the  high  tension 
current  through  the  tube  is  controlled  by  the 
tension  of  the  spring  S.  If  20  ma.  is  desired 
instead  of  10  ma.  the  tension  of  spring  S  is 
increased.  More  current  now  has  to  flow 
through  the  magnet  before  the  contacts  will 
separate.  Instead  of  changing  the  tension  of 
the  spring  to  get  more  or  less  current 
through  the  tube,  the  magnet  may  be  moved 
farther  away  from,  or  .closer  to,  the  arma- 
ture B,  which  accomplishes  the  same  result. 
The  same  result  may  also  be  accomplished 
by  varying  the  number  of  turns  employed, 
through  the  use  of  suitable  taps,  in  the  mag- 
net coil. 

Figure  2  shows  another  method  of  con- 
necting the  stabilizer  to  the  tube  circuits.  In 
this  case  the  magnet  coil  is  connected  to  the 
center  taps  brought  out  from  the  high 
tension  winding  of  the  transformer,  and  the 
contacts  C  and  D  are  inserted  in  series  with 
the   primary    of   the   filament   transformer. 
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Fig.  2. 

The  operation  is  the  same  in  either  case.  On 
those  transformers  having  no  leads  brought 
out  from  the  center  point  of  the  high  tension 
winding,  it  is  necessary  to  connect  the 
stabilizer  in  the  high  tension  lead  to  the 
cathode  of  the  tube  as  shown  in  Figure  i. 
In  this  case  the  stabilizer  becomes  part  of 
the  high  tension  circuit. 

Figure  3  shows  an  experimental  model  of 
the  stabilizer. 

Table  I  shows  the  effect  of  line-voltage 
variations  on  a  tube  without  stabiHzer,  and 
the  same  tube  with  the  stabilizer  in  circuit. 

T^BLE    I 


IViflio! 

(f  Stabiliser 

With  Stabilizer 

Volts 

Ma. 

Volts 

Ma. 

77 

2.2 

70 

2.00 

80 

3-3 

77 

2.00 

82 

4-3 

84 

2.05 

84-5 

6.0 

87 

2.05 

86.5 

7.0 

.90 

2.05 

89.5 

8.4 

93-5 

2.05 

91.0 

lO.O 

96.5 

2.05 

92.5 

11.5 

99 

2.05 

95 

13-8 

103 

2.05 

96.5 

15.0 

106.5 

2.05 

The  stabilizer  in  this  case  was  set  for  2.0  ma. 

Table  II  shows  how  the  stabilizer  main- 
tains the  current  through  a  radiator  type  tube 
during  a  long  exposure.  The  tube  was  first 
connected  to  a  filament  control  rheostat  in 
the  regular  way  and  the  current  adjusted  to 
10  ma.  Readings  were  then  taken  every  half 
minute  up  to  three  minutes.  The  tube  was 
then  allowed  to  cool  and  the  stabilizer  con- 
nected in  circuit.  Current  was  adjusted  to  10 
ma.  and  readings  were  taken  again. 
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Fig.  3. 


Without  Stabilizer 

IFt//!  Stabili. 

:er 

Time 

il/a. 

Time 

Ma. 

0  Min. 

lO.O 

0  Min. 

10 

/2 

9.6 

/2 

10 

I 

9-3 

I 

10 

1/2 

9.0 

1/2 

10 

2 

87 

2 

10 

2/2 
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Figure  4  shows  curves  made  with  an  os- 
cillograph. The  tube  was  of  the  self-rectify- 
ing type.  The  lower  curve  represents  a  high 
tension  current  of  15  ma.  through  the  tube 
and  the  upper  one  the  filament  current  taken 
at  the  same  time.  The  small  irregular  lines 
in  the  filament  current  curve  show  the  points 
at  which  the  stabilizer  contacts  opened  to 
prevent  a  further  rise  in  milliamperage 
through  the  tube.  It  will  be  noticed  that 
there  is  a  break  in  the  filament  current  curve 
for  each  cycle  of  current  through  the  tube. 


This  shows  that  the  vibrating  armature 
vibrates  in  synchronism  with  the  alternating 
current  supplying  the  tube.  This  is  important. 
If  the  armature  did  not  vibrate  in  synchro- 
nism, the  filament  current  would  not  be  ad- 
justed to  the  correct  value  on  some  of  the 
cycles,  which  would  cause  a  variation  in  the 
milliamperage  through  the  tube. 

That  the  stabilizer  does  produce  an  even 
flow  of  high  tension  current  through  the 
tube  is  shown  by  evenness  of  the  peaks  of  the 
waves  in  the  upper  curve,  which  is  the  curve 
of  the  high  tension  current." 

There  are  many  applications  which  can  be 
made  of  the  new  device. 

It  will  make  it  easy  to  combine  fluoro- 
scopy with  radiography,  as,  by  means  of  the 
stabilizer  and  a  suitable  switch,  the  change 
can  instantly  and  surely  be  made,  even  in 
the  dark,  from  a  fluoroscopic  to  a  radio- 
graphic load. 

It  will  eliminate  one  of  the  complications 
in  the  manipulation  of  a  stereo-fluoroscope, 


Fig.  4. 
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as,  by  its  use,  the  two  tubes  can  be  made  to 
maintain  constantly  and  automatically  the 
same  millamperage. 

It  will  increase  the  allowable  radiographic 
load  on  a  given  size  of  focal  spot.  For  it 
wdll  make  it  unnecessary  to  test  a  tube  and 
will  in  this  way  make  it  possible  to  start  the 
actual  exposure  with  a  cooler  target.  It  will, 
furthermore,  render  it  unnecessary  to  allow 
a  large  factor  of  safety  to  guard  against  in- 
accurate adjustment  of  filament  temperature 
and  against  inaccurate  measurement  of  mil- 
liampereage. 

It  will  be  of  great  value  in  the  administra- 


tion of  accurate  dosage  in  therapy,  especi- 
ally where  a  technique  is  employed  which  in- 
volves a  long  time  of  treatment. 

It  should  reduce  puncturing  troubles  with 
both  tubes  and  high  tension  generators,  by 
reducing  the  surges  attendant  upon  sudden 
changes  in  milliamperage. 

It  will  be  very  helpful  with  direct-current 
installations  where,  with  heavy  loads,  there 
has  often  been  a  marked  drop  in  the  alternat- 
ing current  voltage  as  the  load  came  on  the 
rotary.  Where  this  drop  is  greater  than  can 
be  safely  handled  by  the  stabilizer,  a  little 
booster  can  be  added. 


A  SUGGESTION  FOR  IMPROVING  THE  VISIBILITY  OF  THE 
APICAL  FIELD  ON  THE  CHEST  RADIOGRAM* 

By  H.  a.  bray,  m.d. 

New  York   State   Hospital   for   Incipient  Pulmonary  Tuberculosis 

R.-\Y    BROOK,   NEW   YORK 


**  I  ""  HE  lung  markings  in  the  apical  field  on 
-*■  the  chest  roentgenogram  may  be  more 
or  less  masked  by  the  shadow  of  the  clavicle. 
This  is  an  obstacle  to  the  early  roentgeno- 
graphic  diagnosis  of  tuberculosis,  since  in 
this  disease  the  initial  shadows  usually  ap- 
pear at  the  apex. 

The  closest  proximity  of  the  lung  apex  to 
the  plate  at  the  time  of  roentgen-ray  expos- 
ure is  generally  believed  to  be  essential  for 
the  best  definition  of  the  apical  lung  mark- 
ings. To  this  end  the  shoulders  of  the  pa- 
tient are  brought  in  contact  with  the  plate. 
The  effectiveness  of  this  procedure  for  the 
object  desired  is  open  to  question.  The  apex 
of  the  lung  is  enclosed  in  the  bony  frame- 
work forming  the  upper  aperture  of  the 
chest.  This  aperture  is  bounded  anteriorly  by 
the  upper  portion  of  the  manubrium  sterni. 
Consequently,  once  the  tissues  overlying  this 
portion  of  the  sternum  rest  on  the  plate, 
closer  approximation  of  the  lung  apex  to  the 
plate  is  not  possible  owing  to  the  inflexibility 
of  the  bony  ring.  The  distance  of  the  apex 


from  the  plate  remains  unchanged,  irrespect- 
ive of  the  position  of  the  shoulders.  To  rest 
the  shoulders  on  the  plate  necessitates  their 
elevation,  which  in  turn  tilts  upward  the 
outer  end  of  the  clavicle,  with  the  result  that 
its  shadow  comes  to  lie  across  the  apical 
field.  Furthermore,  the  anatomical  land- 
marks about  the  apex  are  disturbed,  thus 
adding  to  the  difficulty  in  correlating  the 
physical  with  the  roentgen-ray  findings. 

The  accompanying  illustration  shows  the 
patient  in  the  position  selected  by  us  for  in- 
creasing the  visibility  of  the  apical  fields. 
The  head  is  centrally  placed,  chin  flexed, 
upper  part  of  the  chest  in  contact  with  the 
plate,  shoulders  lowered,  the  hands,  with 
thumbs  posterior,  grasping  the  upper  and 
outer  part  of  the  thighs,  and  the  elbov^-s 
rotated  forward  until  they  touch  the  table. 
Forward  rotation  of  the  elbows  draws  the 
scapulae  outward  so  that  their  shadows  lie 
outside  the  lung  field.  The  patient  in  this 
position  is  directed  not  to  raise  the  shoulders 
during  the   inspiration  preparatory  to   the 


'^Read    before     the     Saranac    Lake     Medical     Society,     November   24,    1920. 
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roentgen-ray  exposure.  Elevation  of  the 
shoulders  is  a  natural  but  not  necessary 
accompaniment  of  inspiration  and  will  result 
in  tilting  the  clavicles  upward.  The  inspira- 
tion should  be  of  moderate  but  not  full 
depth,  since  the  fuller  the  inspiration,  the 
more  the  first  rib  tends  to  the  horizontal, 
thereby  diminishing  the  size  of  the  apical 
field. 

The  accompanying  roentgenograms  of  the 
same  individual  illustrate  the  position  of  the 
clavicular  shadow  in  relation  to  the  apical 
field  with  shoulders  in  the  elevated  and  low- 
ered positions. 

With  these  points  in  mind,  it  has  been 
possible  for  us  to  remove  the  clavicular 
shadow  from  the  apical  field  in  all  but  a  few 
cases  where  it  has  not  proven  feasible  be- 
cause of  anatomical  peculiarities  of  the 
shoulder  girdle. 


Fig.  I. 


Fig.  2.  Shoulders  (.IcNated.  Clavicular  shadow  across 
the  apical  field,  rendering  difficult  the  interpreta- 
tion of  the  lung  markings  in  this  region.  Note  the 
disturbance  of  anatomical  relations,  especially  that 
of  the  outer  end  of  the  clavicle  to  the  apical  field. 
Note :  The  relative  position  of  roentgen-ray  tube 
to  patient  and  plate  was  identical  for  lioth  ex- 
posures  (Figs.  2  and  3). 


Fig.  3.  Shoulders  lowered.  Clavicular  shadow  hori- 
zontal and  visibility  of  the  apical  field  increased. 
The  normal  position  of  the  anatomical  landmarks 
about  the  apex  is  approximately  maintained,  thus 
facilitating  the  comparative  study  of  physical  and 
.^■-ray  findings. 


A  HISTOLOGICAL  STUDY  OF  THE  EFFECTS  OF  RADIUM 
ON  CARCINOMA  OF  THE  CERVIX* 


By  CHARLES  C.  XORRIS,  m.d. 

AND 

NORMAN  S.  ROTHSCHILD,  m.d. 

PHILADELPHIA,    PENNSYLVANIA 


IN  dealing  with  the  treatment  of  cancer 
of  the  cervix  by  racUum,  let  us  consider 
first  the  clinical  and  pathological  classifica- 
tions. Ewing^  has  divided  the  condition  into 
three  stages:  (i)  A  hard  nodule  in  the  sub- 
stance of  the  cervical  lip;  (2)  a  circum- 
scribed indurated  ulcer  of  the  portio  or  cervi- 
cal canal,  and  (3)  a  non-diffuse  low  papil- 
lary outgrowth,  covering  a  portion  of  the  lip 
or  canal.  This  classification  holds  true  for 
the  early  cases  of  carcinoma  of  the  cervix, 
which,  however,  unfortunately  are  rarely 
seen.  He  states  that  as  usually  observed  the 
lesion  is  more  advanced  and  exhibits  first, 
an  extensive  induration  and  swelling  of  the 
cervix;  second,an  excavated  ulcer,  and  third, 
extensive  papillary  or  cauliflower  outgrowths 
covering  much  of  the  canal  and  portio.  Cul- 
len-  also  classifies  the  condition  into  three 
stages:  (i)  Induration  with  loss  of  tissue; 
(2)  disintegration,  and  (3)  excavation.  An- 
other clinical  classification  is  all  important  in 
the  judgment  of  the  treatment  to  be  fol- 
lowed, and  this  classification  is  universally 
accepted  by  gynecologists  using  radium,  the 
condition  being  considered,  ist,  advanced. 
2nd,  borderline, and  3rd,  early. 

In  the  advanced  and  the  borderline  cases 
radium  is  effective  in  arresting  the  process, 
because  of  the  fact  that  the  pain  is  relieved, 
and  bleeding  and  the  foul  discharges  are 
stopped  or  considerably  diminished.  The  im- 
provement, however,  takes  place  slowly,  and 
discharge  may  be  slightly  increased  the  first 
week  after  the  exposure.  Further  applica- 
tions of  radium  may  be  required. 

I.  Pathologically,  two  types  are  found: 
(i)  The  squamous  cell  carcinoma  of  two 
varieties,  basal  cell  and  prickle  cell,  and  (2) 
adenocarcinoma.  Ewing  has  added  the  fol- 


lowing atypical  form:  (i)  Scirrhous  carci- 
noma, {2)  c}stadenoma,  (3)  endothelioma, 
and  (4)  perithelioma. 

Alter"  has  shown  that  the  alveoli  of  basal- 
cell  carcinoma  in  further  proliferation  take 
differing  characteristic  forms,  so  that  in 
stages  that  are  not  too  advanced  it  is  easy  to 
distinguish  the  following  types:  (i)  Ad- 
enoid type,  (2)  solid  type,  and  (3)  cystic 
type. 

Many  factors  are  concerned  in  the  ef- 
fectiveness of  radium  on  the  malignant 
growth.  Some  cells  may  be  radio-receptive, 
others  radio-refractory.  Col  well  and  Russ* 
have  termed  this  selective  al)Sorption,  while 
Dominici''  has  called  it  receptivity  or  sen- 
sitiveness. This  idios\ncracy  of  the  cells  to- 
ward the  rays  depends  first,  on  the  life  cycle 
of  the  cell.  During  mitosis  it  is  more  sen- 
sitive than  in  the  resting  stage.  Mottram^  has 
shown  that  the  ascaris  ova  in  mitosis  are 
about  eight  times  more  sensitive  than  the 
resting  cells. 

2.  llic  A(/c  of  the  Cells.  Immature,  un- 
differentiated and  embryonal  cells  possess  a 
great  affinity  for  radium,  while  mature  cells 
and  tissue  have  but  a  slight  affinity.  Em- 
bryonal cells  as  o\'a,  spermatozoa  and  lym- 
phoid cells  are  destroyed  by  the  dosage  of 
radium  that  would  produce  but  slight  re- 
action in  the  surrounding  mature  tissue. 
And  the  same  has  been  observed  in  that  the 
tissues  of  a  child  are  more  easily  altered  than 
those  of  an  adult. 

3.  Morphology  and  Function  of  the  Cells. 
Bergonis  and  Tirbondeau'  believe  cells  vary 
in  their  reaction  as  they  are  definitely  fixed 
or  not  in  their  morphology^  and  function  ;  for 
example,  a  neuroma  is  not  very  sensitive  but 
is  much  more  so  than  normal  nerve.  Testicu- 


*Read   by   title   at   the    meeting   of  the   American    Roentgen    Ray   Society.    Boston.    June     15.    1921. 
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Fig.  2. 


Fig.  3. 


Fig.    I.   High  power.   Section   of   squamous  cell   carcinoma,    forty-ci,a:ht  hours  after   radiumization,  show- 
ing   edematous   condition   of    the  malignant    stroma. 

Fig.  2.  High  power.  Showing  malignant  cells  twelve  dajs  after  radiumization  with  considerahlc  increase 
in  size.  The  nuclei  show  cessation  of  mitosis.  The  increase  is  noticeable  in  the  size  of  the  nuclei  and 
the  cytoplasmic  substance. 

Fig.  3.  High  power.  The  blood-vessels  twelve  days    after  radiumization,  showing  edema  of  all  the  coats, 
especially  of  the  intima,  with  narrowing  of  the   lumen. 


lar  island  cells  and  spermatozoa  are  much 
less  sensitive  than  the  cellular  layers  they 
were  developed  from,  and  highly  specialized 
cells  like  nerves,  muscles,  bone  and  cartilage, 
and  red  blood  cells,  all  have  a  low  radio- 
sensibility. 

Wetterer^  believes  that  the  kind  of  cell 
damage  is  similar  for  all  cells ;  it  only  differs 
in  degree,  varying  as  the  quantity  of  ab- 
sorbed rays,  and  as  the  specific  radio-sensi- 
bility of  the  cell  in  question. 


Let  us  note  the  various  effects  of  radium 
rays  upon  normal  tissue.  The  changes  de- 
pend upon  the  length  of  the  exposure  and 
the  infiltration  of  the  rays.  According  to 
Knox,''  slight  exposure  acts  as  a  stimulant  to 
the  tissue,  producing  a  congestion  of  the 
areas  exposed,  followed  by  an  increased  for- 
mation of  fibrous  tissue.  If  this  exposure  is 
prolonged  or  the  infiltration  insufficient,  the 
action  of  the  rays  becomes  a  caustic  one  and 
an    acute    inflammatory    process   is   set    up, 
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Fig.  4. 


Fig.  6. 


Fig.  5. 

Fig.  4.  Low  power.  Seven  weeks  after  radiumization,  showing  fibroblasts  infiltrating  the  malignant 
stroma  and  separating  the  malignant  cells.  The  malignant  cells  are  small  in  size  and  show  evidence 
of  destruction. 

Fig.  5.  High  power.  Eight  weeks  after  radiumization,  showing  groups  of  malignant  cells  completely- 
surrounded  by  fibroblasts.  The  malignant  cells  show  destruction  of  the  nuclei  and  vacuolization  of 
the  cytoplasm. 

Fig.   6.   Low  power.   Twelve  weeks   after   radiumization,    showing   masses   of    chromatin    in    the    fibrous 
connective  tissue,  the  chromatin  being  the  remains  of  the  malignant  cells. 
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which  may  go  on  to  necrosis  and  sloughing 
of  the  tissue  exposed. 

When  the  exposure  has  been  accurately 
calculated,  the  inflammation  slowly  sub- 
sides, the  deeper  tissues  participating  in  the 
reaction  of  a  diminishing  ratio,  according  to 
their  depth  from  the  surface.  There  is  in  all 
the  tissues  an  inflammatory  condition,  with 
a  leucocytic  migration  and  an  invasion  of 
small  round  cells.  When  this  subsides,  a  fib- 
rous tissue  formation  begins,  and  the  newly 
formed  connective  tissue,  with  its  capillary 
blood-vessels,  may  surround  individual  cells 
or  areas  of  cells.  By  subsequent  contraction 


and  the  cutting  off  of  the  blood  supply  to  the 
isolated  cells. 

The  histological  effects  of  radium  upon 
malignant  tissue  may  be  considered  de- 
structive and  productive.  By  productive  we 
mean  the  effects  of  the  rays  will  produce  tis- 
sue or  cells  which  are  not  conspicuous  in  the 
histology  of  carcinoma  or  which  appear  in 
greater  forces  after  the  exposure. 

We  have  divided  the  histological  pictures 
into  five  stages. 

I.  Stage  of  Acute  Inflammatory  Reaction. 
This  period  embraces  the  first  week  after 
radiation   and    shows   a   congestion   of   the 


Fig.  8. 


Fig.   7.   Lfhv  power.   The   l)lood-vessels   twelve   weeks  after  radiumizalion,  showiii.u  tiI)rosis  of  the  iiitima 

and  all  the  coats,  with  ol)literation  of  the  Itimen. 

Fig.  8.    Fourteen   weeks   after   radiumization   showing  complete  destruction  of  the  malignant  cells  in  the 

fibrous   field 

F"iG.   9.   Low   power.   Sixteen   weeks   after   radiumization,  showing  regeneration  of  the  surface  epithelium. 


of  the  connective  tissue,  the  blood  supply  to 
these  areas  is  diminished.  Changes  of  a  vary- 
ing degree,  according  to  the  rate  at  which  the 
blood  supply  is  restricted,  will  occur.  If  rapid 
occlusion  of  the  blood-vessels  takes  place, 
local  necrosis  will  quickly  follow.  If  it  is 
more  gradual,  atrophic  changes  may  ensue. 
When  a  section  from  the  tissues  is  examined, 
all  these  changes  may  be  found  taking  place 
at  the  same  time  in  various  parts  of  the  sec- 
tion. 

From  the  foregoing,  two  points  may  be 
emphasized;  First,  that  after  the  acute  in- 
flammatory process  subsides,  there  is  a  pro- 
duction of  new  connective  tissue,  which  iso- 
lates individual  cells  or  groups  of  cells ;  and 
second,  by  the  contraction  of  this  fibrous  tis- 
sue we  have  occlusion  of  the  blood-vessels 


blood-vessels,  exudation  of  lymphocytes  and 
l)ol}-morphonuclear  leucocytes,  and  a  slight 
edema  of  the  stroma.  A  slight  swelling  of 
the  cancer  cells  is  noted,  also  slight  enlarge- 
ment of  the  endothelium  of  the  blood- 
vessels. 

2.  Stage  of  Early  Nuclear  and  Cytoplas- 
mic Changes.  The  second  period  embraces 
the  second  week  and  shows  a  gradual 
swelling  of  the  cancer  cells,  an  enlargement 
of  the  nuclei  and  relative  increase  of  the 
cytoplasm.  Mitosis  in  many  instances  ceases 
and  the  nuclear  substance  appears  as  gran- 
ules. The  cvtoplasm.  at  times,  shows  vacuol- 
ization. 

3.  Stage  of  Intercellular  Changes.  At  the 
beginning  of  the  third  week  young  fibro- 
blasts are    found   scattered   throughout  the 
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radiated  area.  They  infihrate  the  mahgnant 
cells,  dividing  them  into  strands  and  in 
many  instances  completely  surrounding 
groups  of  cancer  cells  and  isolating  them. 
The  lymphocytic  infiltration  is  increased  in 
this  stage,  although  lymphocytes  and  leuco- 
cytes have  been  present  during  the  first  two 
periods.  The  blood-vessels  show  edema  of 
all  the  coats  and  especially  of  the  intima, 
with  almost  complete  obliteration  of  the 
lumen.  At  times  leucocytes  are  present  in  the 
vessel  wall. 

4.  Stage  of  Destruction.  This  period 
starts  with  the  fourth  week  after  the  ap- 
plication of  radium  and  continues  to  the 
ninth  week.  The  nuclei  of  the  malignant  cells 
may  be  broken  up  and  in  many  instances 
found  as  masses  of  chromatin,  while,  on  the 
other  hand,  they  may  shrink  and  appear  as 
an  tgg  in  a  nest.  The  cytoplasm  undergoes 
cytolysis.  The  group  of  cancer  cells  which 
have  been  isolated  by  the  fibroblasts  and  con- 
nective tissue  show  a  numerical  reduction. 
The  fibrous  overgrowth  at  the  end  of  this 
period  is  conspicuous.  In  its  meshes  the 
voung  blood-vessels  at  times  show  constric- 
tion of  their  lumen.  The  malignant  cells 
throughout  the  entire  field  are  considerably 
reduced  numerically  and  in  size. 

5.  Stage  of  Healing.  In  this  final  period 
the  cancer  cells  appear  as  compressed  bands 
in  the  fibrous  stroma,  only  the  small  con- 
tracted nuclei  remaining.  At  a  later  period 
no  remains  of  the  malignant  cells  are  noted. 
Ultimately  the  surface  epithelium  .shows  re- 
generation. 

The  features  of  these  changes  are  the 
changes  of  the  malignant  cells  with  their  de- 
struction and  ultimate  absorption  and  the  re- 
placement bv  fibrous  tissue. 

While  the  histological  pictures  have  been 
divided  into  five  stages,  it  must  be  acknow- 
ledged that  the  stages  blend,  and  one  may 
find  many  instances  of  early  cellular  changes 
with  cells  in  the  stage  of  destruction. 

Caan"  found  the  connective-tissue  forma- 
tion six  to  eight  days  after  radiation  when 
the  malig-nant  cells  did  not  show  any  change. 


Finzi"  believes  the  production  of  the  con- 
nective tissue  is  the  essential  feature  in  the 
death  of  the  malignant  cell  and  destruction 
of  the  growth.  Frank'^  believes  that  the 
rays  cause  the  connective  tissue  to  contract, 
with  obliteration  of  the  vessels  and  lym- 
phatics and  ultimate  starvation  of  the  malig- 
nant cells. 

Ewing,' '  Schmitz,'*  Alter,"  Wickham  and 
Degrais,''  and  Dominici'"  have  observed  the 
cellular  changes  preceding  the  extensive  fib- 
roblastic injection.  We  are  of  the  opinion 
that  the  effect  of  the  rays  caused  the  cessa- 
tion of  mitosis,  destruction  of  the  nucleus, 
vacuolization  of  the  cytoplasm  and  ultimate 
death  of  the  malignant  cells. 
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A  SIMPLE  DRYING  RACK  FOR  FILMS 

By  AMIN  BOUTROS,  m.d. 
Roentgenologist  to  the  Medical  and  Surgical  Group  of  Denver 

DENVER,    COLORADO 


Xl/ITH  the  transition  from  plates  to 
'  '  films  many  of  us  were  put  to  it  to  dis- 
cover suitable  substitutes  for  some  of  the 
conveniences  of  plate  handling  that  were  ac- 
quired by  years  of  acquaintance  with  the 
plate.  For  example,  I  for  one  missed  the 
plate  drying  rack,  or  rather,  its  substitute, 
and  it  was  months  before  I  hit  upon  a  plan 
(now  in  use  a  year)  that  has  so  far  proved 
quite  satisfactory.  At  this  late  date  it  may 
prove  of  value  to  those  who  are  still  contriv- 
ing drying  devices. 

It  consists  of  a  single  dressed  piece  of  1^4 
by  3  inch  lumber.  Three-sixteenth  inch  holes 


are  drilled  in  its  entire  length,  2  inches  apart 
and  at  an  angle  of  15  to  20  degrees,  so  that 
the  holders  are  readily  "hooked"  in  the  holes 
of  the  rack  as  in  Figure  i.  The  rack  may  be 
made  any  length  desired  and  fastened  over 
a  sink  or  wash-tank  or  whatever  other 
means  are  used  to  catch  the  drippings  from 
the  film. 

In  much  the  same  way  perpendicular 
holes  can  be  drilled  in  a  cabinet  to  store  the 
holders  while  not  in  use,  with  the  advantage 
of  picking  them  out  one  by  one  without  the 
loss  of  time  caused  by  disentangling  half 
the  holders  in  your  possession  (Fig.  2). 


Fig.  I. 


Fig.  2. 
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THE   ANNUAL   MEETING 

The  twenty-second  annual  meeting  held 
in  Washington  the  last  week  in  September 
was  in  many  respects  the  most  successful  in 
the  history  of  the  Society.  The  program  in- 
cluded a  full  consideration  of  the  most  ad- 
vanced problems  before  the  A'-ray  world. 
With  more  than  eight  hundred  registering, 
the  sessions  were  always  fully  attended  dur- 
ing the  four  solid  days  of  program.  The  key- 
note of  the  meeting  was  "Deep  Therapy," 
particularly  as  applied  to  carcinoma. 

In  a  symposium  on  this  subject,  several  of 
our  foreign  guests.  Dr.  Rene  Ledoux-Le- 
Bard  of  Paris,  Dr.  Friedrich  Dessauer  and 
Dr.  Hans  Holfelder,  both  of  Frankfort,  pre- 
sented in  detail  the  underlying  principles  and 
they  were  supplemented  by  Dr.  Samuel 
Stern,  Dr.  Wm.  H.  Stewart  and  Dr.  Henry 
Schmitz,  all  of  whom  have  made  recent  trips 
abroad  and  reported  results.  Although  of  ne- 
cessity this  symposium  introduced  highly 
technical  problems,  they  were  handled  in  as 
simple  a  manner  as  possible  and  were  easily 
grasped  by   the  listeners. 

Scarcely  less  in  interest  was  the  sympos- 
ium on  therapy  of  the  thyroid  gland  which 
embraced  the  toxic  forms  of  goiter  and  car- 
cinoma. This  was  presented  by  Drs.  Geo.  W. 
Holmes,  A.  F.  Tyler,  R.  G.  Allison,  and  G. 
E.  Pfahler.  Other  therapeutic  topics  were 
therapy  in  skin  diseases,  which  was  discussed 
by  Dr.  H.  H.  Hazen  of  Washington,  super- 
ficial malignancies  by  Dr.  C.  F.  Bowen,  in- 
terstitial radiation  by  Dr.  Douglas  Quick, 
brain  tumors  by  Dr.  H.  C.  Pancoast,  diph- 
theria carriers  by  Dr.  P.  M.  Hickey.  and 
epithelioma  of  the  cornea  bv  Dr.  D.  Y. 
Keith. 


The  papers  of  Dr.  W.  D.  Coolidge,  Prof. 
J.  S.  Shearer,  A.  W.  Erskine  and  Dr.  Chas. 
L.  Martin  all  consisted  of  scientific  or  ex- 
perimental data  which  had  a  direct  bearing 
on  the  basic  factors  in  therapy. 

Although  much  time  was  thus  spent  on 
therapeutic  subjects,  there  was  no  lack  of  in- 
terest in  the  bountiful  program  devoted  to 
diagnosis. 

In  the  gastro-intestinal  field.  Dr.  R. 
Walter  Mills  reported  valuable  observations 
on  the  small  intestine;  Dr.  R.  D.  Carman 
discussed  benign  and  malignant  gastric  ul- 
cers; Dr.  Jas.  T.  Case  gave  some  collective 
results  in  pneumoperitoneum  ;  Dr.  L.  G.  Cole 
spoke  on  the  differential  diagnosis  of  certain 
duodenal  bands,  and  Dr.  A.  H.  Pirie  showed 
how  failures  to  cure  by  gastro-enterostomy 
could  be  sometimes  turned  into  success  after 
.r-ray  study. 

Points  on  the  diagnosis  of  sinus  disease 
were  brought  out  in  the  papers  of  Drs.  G. 
E.  Pfahler  and  J.  G.  Van  Zwaluwenburg. 
Studies  in  pyelography  were  presented  by 
Drs.  Fred  M.  Hodges  and  W.  L.  Lim.  Dr. 
Chas.  M.  Bowen  and  Dr.  Willis  Manges 
spoke  on  foreign  bodies  in  the  air  passages, 
the  latter  limiting  his  remarks  to  the  non- 
opaque bodies,  for  which  he  gave  several 
new  and  valuable  signs. 

Topically  unrelated,  but  interesting,  were 
the  papers  by  Dr.  Myron  D.  Palmer  who 
spoke  on  lesions  of  the  spine.  Dr.  Edw. 
Blaine  on  Sprengel's  deformity.  Dr.  Allen 
Scott  Wolfe  on  dental  radiography.  Dr.  H. 
M.  Imboden  on  ossification  of  the  meninges, 
and  Dr.  J.  W.  Pierson  on  pulmonary  con- 
ditions in  children. 

A   paper  by  R.   B.   Wilsey  gave  experi- 
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mental  measurements  as  to  the  efficiency  of 
the  Bucky  diaphragm  principle.  Among  the 
new  instruments  presented  were  a  new  .r-ray 
tube  by  Prof.  T.  E.  Lilienfeld  of  Leipsig,  a 
stereo-fluoroscope  by  Dr.  J.  D.  Morgan,  a 
simplified  treatment  unit  by  Dr.  W.  D. 
Witherbee.  and  a  new  oil-immersed  unit  by 
Dr.  W.  D.  Coolidge. 

In  the  executive  sessions  several  changes 
were  made  in  the  constitution  and  b}-laws, 
of  which  might  be  mentioned  a  clause  re- 
quiring five  years'  practice  in  roentgenology 
before  admission  to  membership,  an  increase 
in  the  annual  dues,  and  an  enlargement  of 
the  Executive  Committee  into  an  Executive 
Council.  The  Leonard  prize  was  presented  to 
Dr.  A.  J.  Pacini  and  it  was  decided  that  it 
be  offered  again  in  the  year  1923. 

The  guest  of  honor  of  the  meeting  was 
Dr.  Rene  Ledoux-LeBard'  of  Paris,  who 
delivered  the  Caldwell  lecture.  His  ad- 
dress, "Progress  of  Deep  Roentgen  Ther- 
apy," was  rendered  in  a  pleasing  and  master- 
ful manner  and  gave  the  members  a  valu- 
able insight  into  foreign  methods  and  re- 
sults. Two  of  our  other  foreign  guests,  Drs. 
Dessauer  and  Holfelder  of  Frankfort,  gave 
the  German  viewpoint  on  the  same  subject 
and  contributed  materially  toward  the  suc- 
cess of  the  symposium  on  deep  therapy. 

The  annual  banquet  on  Thursday  evening 
was  given  in  honor  of  Dr.  Frederick  J.  Baet- 
jer,  one  of  our  oldest  members.  President 
Christie,  as  toastmaster,  introduced  Dr.  Rene 
Ledoux-LeBard  of  Paris,  Dr.  Wm.  S. 
Thayer  and  Dr.  J.  ^I.  T.  Finney  of  Balti- 
more, Mr.  Geoffrey  Pearce  of  London,  and 
Dr.  P.  M.  Hickey  of  Detroit,  who  toasted 
and  roasted  our  dear  old  "Baetch"  to  the 
point  where  he  responded  in  kind  and  in 
plenty.  After  it  was  estimated  he  had  gotten 
even  with  Dr.  Finney  he  was  presented  with 
a  beautiful  book  containing  hundreds  of  ap- 
preciatory  letters  from  members  and  friends. 

The  Societv  gave  a  rousing  vote  of  thanks 
to  Dr.  Christie  and  the  local  Committee  for 
their  successful  arrangements  and  kindly  en- 
tertainment, which  included  many  enjoy- 
able   trips  for  the  ladies.  In  the  closing  ses- 


sion it  was  announced  that  the  1922  meeting 
would  be  held  on  the  Pacific  Coast. 

HoLLis  Potter, Secretary. 


A  NEW   PUBLICATION 

Acta  Radiologica  is  the  latest  periodical 
to  appear  in  the  radiological  field.  It  is  the 
official  organ  of  the  societies  of  Norway, 
Sweden,  Denmark  and  Finland.  Its  articles 
are  printed  in  French,  German  and  English 
at  the  discretion  of  each  writer,  and  it  is 
edited  by  one  of  the  foremost  physicists  and 
radiologists  of  the  continent,  Dr.  Gosta 
Forssell.  The  editor  visited  the  United 
States  last  year,  and  if  one  may  judge  the 
character  of  the  Journal  by  its  editor  it  will 
indeed  occupy  a  lofty  plane.  Dr.  Forssell 
has  very  kindly  offered  to  send  us  abstracts 
of  the  articles  appearing  in  the  new  Journal. 
Those  of  the  first  number  appear  in  this 
issue.  The  American  Journal  of  Roent- 
genology extends  a  most  cordial  welcome  to 
the  newcomer  in  this  most  interesting  field 
and  hopes  that  its  days  may  be  long  and  its 
spliere  of  usefulness  great. 


AN   ANTHOLOGY    OF  MALIGNANCY 

The  careless  individual  pays  little  atten- 
tion to  the  insidious  condition  until  he  finds 
himself  the  unfortunate  possessor  of 

A  mass  enormous !  which  i,n  modern  days 
No  two  of  earth's  degenerate  sons  could  raise. 

Pope:  The  Iliad  of  Homer,  Book  XX, 
Line  337. 

This,  this  is  misery!  The  last,  the  worst 
That  man  can  feel. 

Pope:  The  Iliad  of  Homer,  Book  XX, 
Line  106. 

The  patient  then  seeks  the  advice  of  a 
physician  and — 

Jove  lifts  the  balances  that  show 

The  fates  of  mortal  men,  and  things  below. 

Pope\  The  Iliad  of  Homer,  Book  XX, 
Line  271. 

The  physician  seeks  a  consultation  w^ith 
the  roentgenologist  who  greets  the  patient 
thus : 

You  go  not  till  I  set  you  up  a  glass 

Where  you  may  see  the  inmost  parts  of  you. 
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Shakespeare:  Hamlet,  Act  III,  Scene  lY . 
This  examination  seems  to  reveal  certain 
findings  and  the  patient  exclaims — 

O  thou,  whose  certain  eye  forsees 

The  fixed  events  of  fate's  remote  decrees. 

Homer:  The  Odyssey,  Book  IV,  Line  627. 

But  the  patient  is  not  satisfied  with  the 
careful  analysis  and  honest  opinion  of  his 
physician  and  consultants  and  seeks  advice 
from  charlatans.  After  futile  treatment  and 
chimerical  promises  he  finds  that  all  he  re- 
ceives from  them  is — 

The  windy  satisfaction  of  the  tongue. 

Homer:  The  Odyssey,  Book  IV,  Line 
1092. 

Swallowing  his  pride,  the  patient  returns 
to  the  physician  he  can  trust  and  places  his 
case  without  reservation  in  his  hands,  de- 
claring— 

Let  him,  oraculous,  the  end,  the  way, 

The  turns  of  all  thy  future  fate  display. 

Horner:  The  Odyssey,  Book  X,  Line 
642. 

The  surgeon  proceeds  to  remove  the  major 
portion  of  the  malignancy  and — 

So  ends  the  bloody  business  of  the  day. 

Homer:    Odyssey,    Book   XII,    Line   31. 
And  the  patient  is  bettered  in  his  morale 
for  we  find  that — 

Hope  springs  eternal  in  the  human  breast. 

Pope:  Essay  on  Man,  Epistle  I,  Line  95. 
But  after  a  period  of  time  the  surgeon  be- 
gins to  despair  as  one — 

Who  lined  himself  with  hope, 
Eating  the  air  on  promise  of  supply. 

Shakespeare:  Henry  IV.  Part  II,  Act  I, 
Scene  2. 

For  is  it  not  often  the  case  that — 
The  miserable  have  no  other  medicine 
But  only  hope. 

Shakespeare:  Measure  for  Measure.  Act 
II,  Scene  4. 

But  the  surgeon  then  has  an  original  (  ? ) 
and  happy  thought,  for  he  turns  the  perfectly 
hopeless  case  over  to  the  roentgenologist,  but 
very  fortunately  for  the  latter — 

Blessed  is  he  who  expects  nothing,  for  he 

Shall  never  be  disappointed. 

Pope:  Letter  to  Gay,  October  6,  1727. 

And  fortunately  for  the  patient  this  radio- 
logic creature  of  circumstance  and  opportun- 
ity creates  a  new  interest  in  the  patient  and 
his  appetite  increases,  for  he  realizes  that — 


He  must  eat  to  live  and  live  10  eat. 

Fielding:  The  Miser,  Act  III.  Scene  3. 
And  again  we  find  that — 
Hope  like  a  gleaming  taper's  light. 

Adorns  and  cheers  our  way ; 
And  still,  as  darker  grows  the  night, 

Emits  a  brighter  ray. 

Goldsmith:  The  Captivity,  Act  II. 
And  the  patient  finds  that — 
Appetite  comes  with  the  eating,  says  Augeston. 
Rabelais:  Works,  Book  I,  Chapter  V. 
The    radiologist   earnestK'    at   work    dis- 
covers that — 

It  is  not  strength,  but  art,  olitains  the  prize, 

And  to  the  swift  is  less  than  10  the  v.ise, 

'Tis  more  by  art  than  force  of  numerous  strokes. 

Pope:  The  Iliad  of  Homer,  Book  XXIII, 
Line  383. 

But  the  day  surely  arrives  when  the 
radiologist  is  forced  to  admit  that — 

What  cannot  be  cured  must  I)e  endured. 

Rabelais:  Book  V^.  Chapter  X\'. 

And  the  patient — 

All,  soon  or  late,  are  doom'd  that  path  to  tread. 

Homer:   The  Odyssey,   Book  XII,  Line 

31- 

E.  H.  Skinxer. 


CORRESPONDENCE 

To  the  Editor: 

Dear  Sir:  I  have  read  with  a  good  deal  of 
interest  the  article  in  your  Journal  recently 
by  Dr.  Pfahler  with  reference  to  his  modi- 
fied technique  of  the  Erlangen  method  of 
roentgenotherapy.  It  was  my  privilege  last 
vear  to  visit  this  Clinic,  as  well  as  a  number 
of  others  on  the  Continent,  and  I  was  im- 
pressed with  the  severity  of  the  roentgen 
sickness  that  seemed  the  inevitable  sequela 
of  the  treatment. 

Since  returning  home  I  have  been  en- 
deavoring to  the  best  of  my  ability  to  mimic 
their  methods,  and  there  is  one  feature  that 
I  regard  as  being  worthy  of  note,  and  that 
is  the  object  of  this  letter. 

In  the  constructing  of  this  Department, 
it  was  bulit  as  a  wooden  addition  to  the  Hos- 
pital. The  building  is  set  on  posts,  and  at  my 
request  these  posts  were  tarred,  then  a  false 
floor  laid,  on  the  top  of  which  was  a  two 
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and  one-half  inch  layer  of  asphalt.  The  as- 
phalt was  made  on  the  ground,  as  I  insisted. 
I  stood  by  to  be  sure  that  all  the  sand  that 
went  into  it  was  practically  burned  before 
being  incorporated  with  the  tar  to  avoid  as 
much  as  possible  any  moisture.  On  top  of 
this  asphalt  layer  there  is  an  air  space  of 
two  inches,  then  the  ordinary  wooden  floor 
covered  with  battleship  linoleum.  In  this 
way  I  think  you  will  agree  that  the  operator 
as  well  as  the  patient  is  pretty  well  insu- 
lated; in  fact  he  is  actually  "off  the  world." 
The  patient,  of  course,  is  on  a  wooden  table. 

Now,  in  spite  of  the  fact  that  we  have 
been  giving  intense  treatments — some  rang- 
ing three  hours  in  duration  with  the  full 
capacity  of  our  apparatus  (which  I  estimate 
to  be  9%  inches),  using  copper  filtration, 
yet  we  have  been  fortunate  in  that  roentgen 
sickness  has  not  been  present  following  this 
treatment  in  any  case. 

The  argument  that  naturally  occurs  to  one 
here  is  that  we  have  not  been  giving  the 
heavy  treatment.  In  answer  to  this  I  would 
say  that  in  the  other  Hospital  (St.  Joseph's) 
I  have  been  giving  treatments  really  less  in- 
tense, and  the  radiation  sickness  has  been 
extremely  annoying. 

I  am  bringing  this  forward  hoping  that  it 
will  evoke  some  comment  or  criticism,  and 
in  the  hope  that  it  is  a  means  toward  re- 
lieving this  distressing  condition. 

L.  K.  Povntz. 


ON   THE   ELECTRICAL  DANGERS  IN 
X-RAY   LABORATORY 

To  the  Editor: 

Dear  Sir:  Although  not  a  physician,  nor  a 
roentgenologist,  I  regularly  read  The 
American  Journal  of  Roentgenology, 
and  thereby  increase  my  knowledge  of  that 
useful  adjunct  to  the  surgical  and  medical 
world. 

My  interest  in  such  matters  comes 
through  the  fact  that  for  many  years  I  have 
sold,  installed  and  demonstrated  to  purchas- 
ing physicians,  the  use  of  modern,  high- 
powered  radiographic  apparatus.  I  have  vis- 
ited the  factories  where  such  apparatus  is 


made  and  have  read  all  the  articles  on  the 
subject  which  come  to  my  notice. 

In  this  way  I  read  the  article  in  your 
September,  1920,  number  entitled  "Electrical 
Dangers  in  X-ray  Laboratories"  by  J.  S. 
Shearer,  B.  S.,  Ph.D.,  and  I  must  confess  to 
so  strong  a  difference  of  opinion  on  one  part 
of  his  article  that  I  cannot  refrain  from  ad- 
dressing you  in  the  hope  that  if  I  am  wrong, 
you  will  show  me  just  where.  Naturally,  it 
seems  gross  presumption  for  me  to  even  sug- 
gest that  such  an  eminent  man  as  the  author 
of  that  article  could  be  wrong;  nevertheless, 
though  I  have  no  titles  to  follow  my  name, 
I  make  so  bold  as  to  do  so. 

On  p.  435,  near  the  bottom  of  the  second 
column,  I  read:  "But  when  placed  on  a 
grounded  conducting  table,  danger  is  greatly 
increased,  quite  contrary  to  traditional  be- 
lief." (The  italics  are  his  own.)  He  goes  on: 
"The  path  of  least  resistance  from  either 
terminal  to  earth  is  from  the  terminal  to  the 
body,  thence  to  the  metal  table."  {These 
italics  are  mine.)  This  statement  surely  is 
incorrect,  for  the  following  reason.  The  path 
of  least  resistance  from  either  terminal  to 
earth  (if  the  tube  stand  is  grounded,  or  the 
table,  in  the  case  of  an  attached  tube  stand) 
is  from  the  terminal  to  the  nearest  metal 
part  of  the  tube  stand.  There  isn't  a  metal 
table  on  the  market  which  would  not  have 
metal  parts  of  the  tube  carriage  nearer,  by 
far,  to  the  terminals  of  the  tube,  than  any 
part  of  the  patient's  body  would  ever  be. 
Therefore  the  path  of  least  resistance,  as  I 
have  said,  would  be  from  the  terminal  of  the 
tube  to  the  metal  of  the  tube  stand  carriage. 

It  would  of  course  be  possible,  by  a  very 
careless  misadjustment  of  the  tube  above  the 
patient,  to  cause  one  of  the  terminals  to 
come  closer  to  the  patient  than  any  of  the 
metal  parts  of  the  tube  stand,  but  I  am  not 
allowing  such  a  supposition  as  that  to  be  en- 
tertained, any  more  than  I  would  brand 
street  cars  on  our  public  streets  as  extremely 
dangerous  simply  because  if  one  deliberately 
places  himself  in  front  of  one  of  them  while 
in  motion,  he  will  be  killed ! 

Nor  would  there  be  any  way  to  prevent  a 
serious    shock    to    a    patient    being    radio- 
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graphed  if  he  was  timid,  or  nervous,  or  a 
child,  or  feeble  minded,  etc.,  as  the  author 
pointed  out  on  page  437  and  due  preventa- 
tives w^ere  not  used.  When  radiographing 
any  such  patients,  the  precautions  mentioned 
in  the  article  should  be  taken. 

Therefore  I  am  barring  those  two  possibil- 
ities of  danger  from  my  treatment  of  the 
subject,  since  they  properly  are  barred.  I 
also  am  confining  my  statements  to  the  as- 
sumptions that  metal  tables  only  are  referred 
to,  as  they  are  in  the  part  quoted.  Any  metals 
used  in  the  construction  of  a  table  and  its 
tube  stand  will  be  far  better  conductors  than 
the  human  body.  And  since  no  radiograph 
would  be  made  by  an  operator,  who  knew 
the  first  thing  about  his  work,  with  one 
terminal  of  the  tube  pointed  down  close  to 
the  patient,  some  metal  part  of  the  tube  car- 
riage will  alzvays  be  nearer  to  the  tube  term- 
inal than  the  body  of  the  patient  can  be. 
How  then  does  the  rule  of  least  resistance, 
quoted  by  the  author,  cause  the  current  to 
seek  the  earth  through  the  excellent  airgap 
of  insulation,  the  high  resistance  of  the  pa- 
tient's body,  and  the  metal  of  the  table 
(which  is  grounded)  rather  than  jump  di- 
rectly to  that  grounded  metal  which  is  far 
nearer  to  the  tube  terminal  ? 

The  next  statement  to  which  I  take  ex- 
ception is  in  the  sentence  following  that  al- 
ready quoted — "since  the  tube  terminals  are 
insulated  from  the  stand  in  all  cases."  In 
other  words,  the  current  will  find  it  easier  to 
jump  from  ten  to  fifteen  or  more  inches 
directly  from  the  tube  terminal  to  the  pa- 
tient's body,  with  the  latter's  high  resistance 
added,  and  thence  to  the  ground  through  the 
metal  of  the  table,  than  to  jump  from  fiz'e 
to  six  inches  to  the  nearest  part  of  the  metal 
of  the  tube  carriage,  ichich  by  the  -cvay,  is 
always  right  in  the  z'cry  path  of  a  jump  be- 
tween the  tube  terminal  and  the  patient. 
Why  should  the  current  deliberately  over- 
look such  a  good  ground  as  the  grounded 
metal  of  the  tube  stand  in  its  bigger  jump  to 
the  patient  through  the  air,  which  is  one  of 
the  best  insulators  there  is,  when  dr\\  So  I 
would  say  that  not  only  are  the  tube  term- 
inals insulated,   as  in  the  above  quotation. 


but  the  patient  is  as  well,  through  the  large 
air  gap  separating  the  patient  and  the  tube 
terminal. 

My  belief  is  that  given  a  metal  tube  stand 
attached  to  a  metal  table,  it  is  far  safer 
to  work  with  the  table  grounded  than  not 
grounded,  which  is  exactly  the  opposite  to 
the  conclusions  of  Dr.  Shearer;  but  I  trust 
I  have  shown  sufficient  reasoning  to  give  my 
contradiction  the  weight  it  must  have  to 
stand  against  such  an  authority  as  I  am  re- 
spectfully but  none  the  less  positively  differ- 
ing with. 

As  this  is  an  extremely  important  ques- 
tion (the  grounding  or  not  grounding  of 
radiographic  metal  tables  having  tube  stands 
as  an  integral  part)  and  as  there  are  many 
workers  using  grounded  tables,  which,  if 
more  dangerous,  should  be  warned  to 
change,  I  would  very  much  indeed  be  grati- 
fied to  see  this  subject  discussed  again  in  the 
columns  of  your  Journal.  I  feel  that  many 
practical  workers  and  electricians  will  not 
agree  with  the  author  of  the  article  referred 
to.  and  I  hope  you  will  care  to  secure  some 
other  authorities  to  write  on  the  subject.  It 
is  not  only  interesting  as  an  electrical  and 
radiographic  problem,  but  has  the  merit,  if 
once  and  for  all  settled,  of  saving  the  lives 
of  patients. 

J.  T.  Warner. 


To  the  Editor: 

Dear  Sir:  We  have  read  with  great  in- 
terest the  article  by  J.  S.  Shearer,  B.  S., 
Ph.D.,  on  the  electrical  dangers  in  the  ,r-ray 
laboratory,  in  the  September  issue  of  The 
American  Journal  of  Roentgenology 
and  are  gratified  to  see  the  comment  at  the 
end  of  his  article  in  which  he  refers  to  the 
leaflet  published  by  us  some  time  ago. 

Evidently  this  leaflet  is  of  some  interest 
to  the  workers  in  your  country,  and  we  are 
pleased  to  note  that  most  of  the  warnings 
which  we  issued,  all  of  which  apply  in  this 
country,  apply  in  yours  also. 

We  note  that  your  contributor  takes  ex- 
ception to  one  or  two  of  the  suggestions  put 
forward,  but  we  feel  that  perhaps  he  has 
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not  quite  appreciated  our  intention,  or  the 
possibility  of  different  conditions  prevailing 
in  the  two  countries.  In  warning  No.  3  it 
will  be  found  we  distinctly  state  that  insu- 
lated wire  should  be  treated  with  the  same 
precaution  as  bare  wire,  which  is  contrarv 
to  encouraging  any  feeling  of  false  security. 

With  regard  to  clause  5,  we  are  in  entire 
agreement  with  Mr.  Shearer  that  tubing  is 
far  better  for  high  tension  overhead  wires. 
but  our  warning  was  issued  to  the  great 
many  private  installations  and  hospitals  that 
have  been  installed  for  a  number  of  years, 
and  who  are  not  prepared  to  scrap  their  pres- 
ent wiring  and  go  to  the  expense  of  instal- 
ling an  overhead  tubing  system.  No  doubt  in 
the  course  of  time  all  installations  will  be 
fitted  up  with  tubing  to  carry  the  high  ten- 
sion current.  It  was  for  the  reason  that  we 
knew  many  of  these  installations  had  been  up 
in  use  for  a  long  time  without  attention  that 
led  us  to  add  the  extra  precaution  of 
grounded  wires  beneath  the  overhead  cables, 
and  most  apparatus  in  this  country  is  al- 
ready fully  protected  against  short  cir- 
cuitings  which  might  occur  if  no  special  pre- 
cautions were  taken. 

So  far  as  paragraph  7  is  concerned,  we 
would  like  to  point  out  that  all  our  machines 
are  already  provided  with  circuit  breakers, 
but  we  presume  that  the  American  machines 
are  not  so  provided,  and  we  feel  that  in  spite 
of  the  vagaries  of  fuses,  it  is  better  to  insert 
a  fuse  that  is  rated  to  blow  at  a  definite  cur- 
rent, rather  than  to  have  no  fuse  at  all  in  the 
circuit.  It  is  possible  now  to  get  a  close 
guarantee  with  certain  cartridge  fuses;  this 
practically  eliminates  the  old  trouble  of  fuse 
wire  which  can  be  considerablv  overloaded 
for  disruption. 

In  reference  to  paragraph  8,  this  naturally 
applies  ec|ually  well  to  all  high  vacuum  tubes 
in  the  same  way  that  it  does  to  the  Coolidge 
tube,  the  Coolidge  tube  only  being  men- 
tioned as  a  well  known  example. 

Geoffrey  Pearce. 


To  the  Editors 

Dear  Sir:  Were  it  not  for  the  prevalence 
of     some     unfortunate     ideas     relative     to 


rendering  .r-ray  apparatus  safe  by  ground- 
ing, the  writer  would  hardly  care  to  add  to 
the  previous  discussion.  However,  where 
such  misunderstandings  exist,  every  effort 
should  be  made  to  clear  matters  up. 

The  letter  of  Mr.  Geoffrey  Pearce  comes 
as  a  very  pleasant  reminder  of  a  brief  visit 
with  him  in  London  where  some  matters  of 
mutual  interest  were  discussed.  I  am  quite 
sure  he  will  agree  that  in  any  installation 
where  a  revision  of  high  tension  wiring  and 
replacement  by  tubing  would  increase  safety, 
the  cost  ought  to  be  regarded  as  an  in- 
surance. Such  systems  may  be  made  effective 
and  yet  be  very  inexpensive. 

The  matter  of  circuit  breakers  and  fuses 
should  be  simple;  we  had  better  use  both. 
Fuses  have  been  in  common  use  on  American 
machines  for  years,  but  up  to  191 5  the 
writer  does  not  recall  seeing  quick  acting 
circuit  breakers  on  standard  .r-ray  machines. 
Since  that  time  several  makers  have  added 
them. 

Mr.  Warner's  letter  seems  to  show  a  little 
irritation;  that,  as  is  often  observed,  does 
not  contribute  to  rational  consideration  of 
the  subject. 

The  fourth  paragraph  of  his  letter  raises 
a  question  of  fact  that  may  be  easily  dis- 
posed of  by  a  little  consideration.  Mr. War- 
ner states:  "There  isn't  a  metal  table  on  the 
market  which  would  not  have  metal  parts  of 
the  tube  carriage  nearer,  by  far,  to  the  term- 
inals of  the  tube  than  any  part  of  the  pa- 
tient's body  would  ever  be."  The  first  answer 
to  this  statement  is  the  simple  record  of 
death  in  the  use  of  just  the  apparatus  he 
mentions.  The  second  is  to  consider  actual 
stands  and  conditions  as  observed  in  prac- 
tice. Measurements  of  the  distance  from  tul3e 
terminals  to  the  nearest  metal  of  the  stand 
show  distances  varying  from  5  to  9  inches. 
Observation  in  hospitals  and  offices  shows 
manv  cases  where  the  tube  terminals  or  live 
wires  are  nearer  the  patient  than  this.  In 
kidnev  and  ureter  examinations  with  cath- 
eters in  place,  the  distance  to  the  elevated 
knees  may  be  only  a  few  inches;  in  dental 
work  on  a  lower  jaw  the  writer  has  observed 
operation  at  distances  less  than  5  inches  on 
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several  occasions.  It  is  quite  common  to  read 
of  treatment  at  a  7  inch  or  an  8  inch  target 
skin  distance  and  the  metal  terminals  will 
usually  be  as  close  to  the  patient  as  the  tar- 
get and  may  often  be  nearer.  Experience  has 
shown  that  one  can  not  predict  with  certain- 
ty the  path  that  will  be  selected  by  a  sudden 
rush  of  current,  but  it  does  not  tend  to  main- 
tain a  flow  to  insulators  or  to  any  extent  to 
conductors  when  these  are  so  well  insulated 
that  no  discharge  path  is  provided. 

Paragraphs  7  and  8  are  based  on  assump- 
tions largely  erroneous.  The  resistance  of  the 
human  body  does  not  count  for  much  when 
we  are  dealing  with  the  high  voltages  in  use 
on  ;r-ray  tubes. 

The  resistance  of  the  body  mav  be  as  low 
as  5,000  ohms.  If  half  the  voltage  used  to 
operate  a  tube  at  a  5  inch  gap  is  applied  to 
the  body  and  maintained,  the  current  would 
be  nearly  6  amperes.  Cases  are  on  record 
where  contact  with  a  circuit  of  less  than  100 
volts  has  caused  death,  although  the  cur- 
rent must  have  been  less  than  1/50  of  an 
ampere. 

Just  how  a  patient  on  a  grounded  table  in 
proximity  to  a  high  tension  line  from  a 
transformer  with  a  grounded  point  on  its 
secondary,  can  be  regarded  as  insulated,  I 
am  quite  unable  to  understand. 

We  may  have  the  body  of  a  patient  fully 
insulated  from  all  portions  of  a  high  tension 
circuit  or  we  may  have  one  contact  with 
such  a  circuit.  The  latter  is  the  case  when 
the  patient  is  on  a  grounded  metal  table  and 
the  center  of  the  secondary  is  grounded. 
Surely  the  maximum  safety  is  secured  when 
insulation  of  the  patient  is  made  as  complete 
as  possible.  The  only  question  to  answer  is, 
would  the  patient's  safety  be  increased  or 
decreased  by  the  use  of  a  grounded  metal 
table  as  compared  with  the  use  of  one  well 
insulated  or  one  made  entirely  of  insulating 
material? 

One  should  not  discuss  this  matter  on  a 
basis  of  no  unusual  conditions  or  on  the  as- 
sumption that  all  operators  are  exceedingly 
careful  at  all  times  or  that  patients  never 
move  during  an  examination.  The  chance  of 
too  close  proximity  to  the  tube  terminals  or 
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Fig.  I.  S.G.  No.  i.  Spark  gap  on    main   circuit. 

S.G.  No.  2.  Spark  gap  .in    series    with    M.A. 

No.  2. 
M.A.  No.  I.  Measures  tube  current. 
M.A.  No.  2.  Measures  current  to  P. 

F.  Floor 

G.  Water  pipe 

P.  Metal  plate  or  pail  of  water. 
The  current  through  spark  gap  No.  2  flows  from  the 
outer  end  of  one  half  of  the  secondary  winding 
through  the  gap  to  the  floor  or  ground,  back  to 
the  case  and  thence  to  the  inner  end  of  the  half 
of  the  secondary.  High  insulation  between  P  and 
the  floor  or  earth  will  effectually  prevent  such  flow. 

line  is  the  same  whether  one  is  on  an  insu- 
lated table  or  on  a  grounded  conducting 
table.  The  question  reduces  to  simply 
this,  zvhat  are  the  relative  chances  of 
escaping  serious  injury  in  the  tzvo  cases  if 
something  unusual  happens  or  when  someone 
is  closer  than  is  intended? 

No  one  informed  on  the  subject  is  likely 
to  deny  that  the  larger  the  current  main- 
tained through  the  body  for  a  given  time 
the  more  serious  are  the  results  likely  to  be. 
We  may  easily  test  for  the  amount  of  cur- 
rent without  using  a  patient. 

A  small  metal  plate  or  a  pail  of  water  may 
be  placed  on  a  dry  wooden  table  and  a  spark 
gap  and  a  milliammeter  connected  in  series 
to  one  terminal  of  the  tube.  The  plate  or  the 
water  may  then  be  regarded  as  related  to  the 
circuit  in  the  same  manner  as  the  patient's 
body.  When  no  connection  is  made  from  the 
conductor  to  the  earth  we  have  the  case  of 
a  well-insulated  patient.  When  a  wire  passes 
from  the  conductor  to  the  floor  we  have  a 
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partial  ground.  When  the  wire  is  connected 
to  a  water  pipe  we  have  a  complete  ground. 

Figure  i  shows  the  arrangement  of  ap- 
paratus and  Figures  2  to  5  are  photographs 
of  the  set-up,  showing  some  of  the  meter 
readings  and  the  nature  of  the  discharge. 

The  tube  was  excited  by  a  transformer  of 
standard  make  with  the  usual  connection  be- 


( 1 )  When  the  plate  P  is  insulated. 

(2)  When  a  poor  or  partial  ground  is 
made  by  a  wire  to  the  floor.  (In  this  case 
the  wooden  floor  was  laid  on  concrete. ) 

(3)  When  grounded  by  a  piece  of  wire 
to  a  water  pipe. 

Not  only  were  readings  taken  of  the  gaps 
and    the   currents   passing,    but    flash    light 


Fig.  2.  5  ma. ;  8  inch  spark  gap ;  well  insulated.  Slight 
leakage  across  gap  No.  2 ;  too  weak  to  photograph ; 
not  enough  to  deflect  the  milliampere  needle. 

Fig.  3.  3  ma.;  8  inch  gap;  resistance  control;  partial 
ground ;  spark  discharge. 

tween  the  middle  of  the  secondary  and  the 
case,  but  the  case  was  not  grounded  by  a  con- 
ductor, it  simply  stood  on  a  dry  wooden  plat- 
form. Under  these  circumstances  there 
would  be  less  current  than  when  the  case  is 
well  grounded.  Spark  gap  No.  2  and  milli- 
ammeter  No.  2  serve  to  show  how  close  a 
conductor  must  be  brought  to  the  line  to  get 
a  discharge  and  the  milliammeter  shows 
what  current  flows  when  a  discharge  occurs. 
Three  conditions  are  considered: 


Fig.  4.  4  ma. ;  5  inch  gap ;  resistance  control ;  partial 

ground. 
Fig.  5.  5  ma. ;  3  inch  gap ;  auto-transformer  control ; 

complete  ground;   gap   current  exceeding  200  ma. 


photographs  were  used  to  get  instantaneous 
readings  of  the  meters.  A  large  electro- 
static voltmeter  in  the  background  gave  the 
high  tension  line  voltage. 

In  each  case,  with  no  metal  connection  to 
the  floor  or  pipe,  there  was  no  appreciable 
current  to  the  plate  even  on  direct  contact, 
i.e.,  when  spark  gap  No.  2  was  closed. 

Figure  6  shows  the  photographs  of  spark 
gap  No.  2  with  the  data  of  tube  operation  at 
the   time   the  discharge   occurred.   A   scale 
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in  inches  placed  just  back  of  the  gap  was 
photographed  at  the  same  time  and  indicates 
the  jumping  distance  from  one  terminal  of 
the  tube  to  the  conductor  under  normal  con- 
ditions of  operation. 

It  should  be  remembered,  however,  that 
any  irregularity  of  operation  or  especially 
the  opening  or  failure  of  the  filament  circuit, 


either  a  partially  grounded  or  a  fully 
grounded  conducting  support. 

The  Table  gives  a  few  of  the  readings 
and  conditions  of  operation. 

When  trying  the  same  tests,  using  a  trans- 
former without  a  grounded  middle  on  a  set- 
ting of  5  ma.  and  a  9  inch  gap,  the  passage 
of  a  spark  through  2  caused  a  break  of  14 


No.  I. 


No.  2. 


No.  3- 


No.  4- 


'  ■^'  . 


3S  M^ 


No.  5. 


Xo.  6. 


No.  7. 


No.  8. 


Fig.  6.  Photographs  of  discharge  across  gap  No.  2  under  various   conditions.   Observe   the   insignificant 
spark  discharge  when  plate  is  insulated.  The  most  serious  arc  was  on  a  setting  for  5  ma.,  an  8  inch 
spark  gap  with  an  auto-transformer  control. 
No.  I.  5  ma. ;  5  inch  gap;  resistance  control;  no  ground.  A  series  of  sparks;  current  too  small  to  measure. 

8  inch  gap;  resistance  control;  insulated.  A  series  of  sparks;  current  about  12  ma. 

8  inch  gap;  resistance  control;  grounded;  current  about  25  ma. 

8  inch  gap;   auto-transformer  control;  partial  ground. 

8  inch  gap;   auto-transformer  control;  current  more  than  200  ma. 

;  5  inch  gap;  grounded;   resistance  control. 

;  5  inch  gap;  grounded;  auto-transformer  control. 
No.  8.  35  ma.;  5  inch  gap;  insulated;  resistance  control. 


No. 

2. 

5  ma. ; 

No. 

3- 

5  ma.; 

No. 

4- 

5  ma.; 

No. 

5- 

5  ma.; 

No. 

6. 

35  ma. 

No. 

7- 

35  ma. 

or  a  cranky  gas  tube  bringing  surges  into  the 
line,  would  greatly  increase  this  sparking 
distance  and  it  may  even  exceed  the  full  gap 
of  the  transformer  at  normal  operation. 

Figures  2  to  5  show  some  of  the  photo- 
graphs by  which  readings  were  made.  The 
actual  current  would  vary  somewhat  accord- 
ing to  the  length  of  gap  No.  2.  When  one 
realizes  that  only  a  few  ma.,  often  less  than 
50,  may  result  fatally,  it  is  quite  clear  that 
the  insulated  support  is  very  much  safer  than 


inches  from  the  other  high  tension  line,  fol- 
lowed by  an  arc  to  the  synchronous  motor 
and  a  burn-out.  In  this  case  had  one  side  of 
the  line  become  grounded  to  any  stand  or 
table,  a  distance  of  14  inches  would  not  have 
protected  the  patient  from  the  other  line. 

Clearly  there  can  be  no  question  that  the 
patient's  safety  is  much  greater  when  in- 
sulated as  fully  as  possible. 

W^e  may  then  summarize  as  follows: 

I.  Under  all  conditions  of  operation  the 
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danger  of  a  discharge  to  a  patient  is  much 
less  when  he  is  completely  insulated  than 
otherwise. 

2.  The  current  passing  to  a  patient  by  a 


5.  Therapy  at  high  gap  should  always  be 
done  with  a  transformer  requiring  a  large 
series  resistance  and  not  with  one  using  an 
auto-transformer  control. 


Table 


Tube  Cur- 
rent MA. 

Working  Gap 
or  Voltage 

Meter  No.  2 
MA. 

Gap  No.  2 

Ground    . 

Control 

25 

AV2"  gap 

0 
70 

85 

3" 
2" 

none 
partial 
partial 

Res. 
Res. 
Res. 

20 

70  k.v. 

40 

4" 

partial 

Res. 

20 

80  k.v. 

100 

A^A" 

partial 

A.T. 

30 

5"  gap 

200+ 

Wa" 

complete 

A.T. 

30 

5"  gap 

0 

1 1/4" 

none 

Res. 

30 

5"  gap 

80 

\V2" 

partial 

A.T. 

30 

5"  gap 

120 

1/2" 

complete          | 

0 

8"  gap 

18 

5" 

complete 

Res. 

Res.   Resistance  control ;  A.T.  Auto  transformer  control. 

The  last  reading  illustrates  surge  gap  on  sudden  interruption  of  current.  The  filament  current  was  cut 
out  and  a  break  over  of  5  inches  or  i  inch  more  than  half  the  working  gap  resulted. 

Observe  also  that  when  a  body  is  well  insulated  the  currents  resulting  from  small  sparks  are  not 
large  enough  to  give  a  milliampere  reading. 


spark  discharge,  or  even  by  contact  with  one 
terminal  when  the  patient  is  well  insulated, 
is  too,  small  to  show  on  the  usual  milliam- 
meter.  Note  that  a  slowly  acquired  charge 
may  give  no  sensation  and  is  not  a  source  of 
danger;  a  path  to  and  from  the  body  must 
be  provided  to  cause  death  or  injury. 

3.  Danger  of  spark  or  arc  to  the  patient 
is  rather  greater  when  a  resistance  is  used 
than  with  an  auto  transformer.  Danger  of 
spark  over  is  much  greater  on  closing  the 
circuit  than  when  operating  steadily,  and  any 
spark  over  may  be  followed  by  an  arc. 

4.  The  current  on  break  over  resulting  in 
an  arc  is  always  greater  with  an  auto  trans- 
former. 


6.  The  small  10  to  30  ma.  transformers 
using  no  resistance  are  about  as  dangerous 
as  large  ones  with  auto-transformer  control. 

7.  The  safest  operation  when  the  patient 
must  be  between  table  and  tube  is  secured  by 
good  insulation  of  table,  stand  and  operator. 
Also  when  this  is  done  the  troublesome 
slight  leakage  discharge  is  eliminated. 

8.  Dental  chairs  are  grounded  and  hence 
are  dangerous  for  ;r-ray  work. 

As  good  insulation  of  patient  and  oper- 
ator is  the  only  guarantee  of  safety,  we 
should  endeavor  to  secure  such  installations 
as  fast  as  possible. 

J.  S.  Shearer. 
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Fanner,  H.  J.  On  the  X-Ray  Examination  of 
Duodenal  Ulcer.  {Acta  Radiol.,  1921,  i,  No. 

I.) 

The  author  gives  a  detailed  account  of  the 
direct  and  indirect  roentgenological  signs  of 
ulcer  of  the  duodenum. 

In  roentgenological  examinations  of  the 
duodenum  the  patient  may  be  placed  not  only 
in  the  upright  position  but  also  in  the  recumb- 
ent position  (dorsal,  ventral  and  lateral  posi- 
tions). Too  much  importance  should  not,  how- 
ever, be  attached  to  the  indirect  symptoms. 
The  direct  symptoms,  the  deformity  of  the 
bulbar-shadow,  and  especially  Akerlund's 
type,  are  the  best  characteristic  signs  for  the 
radiological  diagnosis,  and  these  seldom  prove 
a  source  of  diagnostic  error,  but  the  technique 
necessary  to  obtain  them  demands  great  ex- 
perience and  much  patience. 

Simon,  M.  On  the  X-Ray  Diagnosis  of  Gall- 
stones in  the  Common  Duct.  {Acta  Radiol., 
1921,  I,  No.  I.) 

Cases  of  gall-stone  in  the  lower  end  of  the 
common  duct,  roentgenologically  not  directly 
visible  as  a  positive  shadow,  but  as  a  defect  in 
the  barium-filled  duodenum.  In  the  prone 
position  the  stone  made  an  impression  in  the 
intestinal  wall  immediately  above  Vater's 
papilla. 

Klason,  T.  Hemophilia  and  Hemophilic  Ar- 
thropathy.  {Acta  Radiol,  1921,  i,  No.  i.) 

References  in  Literature.  The  writer  has 
himself  observed  three  cases  of  hemophilic 
arthropathies  showing  different  stages.  As 
characteristic  of  their  ;i:-ray  picture,  he  states : 
In  the  early  stages  a  cloudiness  of  the  capsule 
from  blood-clots  and  later  decalcification,  al- 
teration of  the  cartilages  and  deformities, 
producing  a  hypertrophic  arthritis  deformans. 

The  knees  are  the  most  affected  of  all  the 
joints,  and  besides  the  above  mentioned  altera- 
tions in  the  capsule  and  cartilages  there  are 
deformities  and  enlargements  of  eminentia 
and  fossa  intercondyloidea  as  the  result  of 
hemorrhages  into  the  attachments  of  ligamenta 
cruciata  genu. 


Strom,  S.  A  Case  of  Arthropatia  Psoriat- 
ica.  {Acta  Radiol,  1921,  i,  No,  i.) 

A  case  of  arthropatia  psoriatica  with  ad- 
vanced destructive  and  atrophic  changes  of 
bones  and  joints  in  fingers  and  toes.  The  case 
indicates  the  affinity  of  the  affection  with  bony 
changes  of  a  neurogenic  nature. 

Johansson,  S.  A  Case  of  Osteogenesis 
Imperfecta  with  Extended  Arteriosclerotic 
Changes.    {Acta  Radiol,   1921,   i.  No.   i.) 

The  author  describes  a  case  of  osteogenesis 
imperfecta  with  multiple  fractures,  which  is 
of  special  interest,  as  distinct  arteriosclerotic 
changes  in  the  arteries  of  the  upper  as 
well  as  of  the  lower  extremities  are  shown 
on  the  .r-ray  plates.  Histological  examinations 
showed  degeneration  and  calcification  of 
the  intima  and  media  of  the  arteries.  Thy- 
reoidea  and  thymus  markedly  small.  No  sim- 
ilar case  has  been  described,  so  far  as  the 
author  is  aware  of. 

Hansson,  H.  a  Case  of  Fracture  of  the 
Cranium  with  Accumulation  of  Air  in  the 
Cranial  Cavity.  {Acta  Radiol,  1921,  i.  No. 
I-) 

The  author  gives  an  account  of  the  cases  of 
so-called  "pneumatocele  cranii"  in  the  early 
and  modern  literature,  and  describes  a 
traumatic  cyst  in  the  right  frontal  lobe  of  the 
brain,  observed  and  roentgenographically  ex- 
amined by  him,  and  containing  giir  and  liquid, 
which  occurred  in  consequence  of  a  fracture 
in  the  coronal  area,  penetrating  the  frontal 
sinus.  The  patient  recovered  without  surgical 
treatment. 

FoRSSELL,  GoSTA.  A  Plateholdcr  for  Precise 
Roentgenography  in  Connection  with  Fluor- 
oscopy. {Acta  Radiol,  1921,  i,  No.  i.) 

The  article  describes  a  new  construction  for 
centering  and  fixation  of  small  plates  on  the 
site  of  a  limited  screen  image  by  vertical 
fluoroscopy.  The  fluoroscopic  screen  is  sup- 
ported by  an  iron  holder,  framing  a  thin 
wooden  plate.  Guides  are  placed  both  on  the 
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right  and  the  left  side  on  the  holder,  and  these 
are  connected  with  each  other  by  a  thin,  hor- 
izontal steel  wire,  kept  tense  by  a  spring  and 
movable  vertically  on  the  guides.  A  wooden 
ball  is  movable  on  the  wire  laterally.  When  the 
image  is  limited  for  roentgenography  by  fluor- 
oscopy, the  ball  is  placed  just  in  front  of  it,  the 
screen  is  removed  and  a  cassette  of  convenient 
size  is  put  behind  the  ball,  which  presses  the 
cassette  against  the  wooden  plate  framed  by 
the  screenholder.  By  this  arrangement  it  is 
possible  to  make  sharply  limited  plates  very 
speedily  during  the  vertical  fluoroscopy. 

Heiberg,  K.  a.,  and  Strandberg,  Ove.  Mi- 
croscopic Examination  of  the  Mucous 
Membrane  of  the  Nose  on  Patients  under 
Treatment  for  Lupus  Vulgaris  with  Uni- 
versal Arc-Light-Baths.  (Acta  Radiol.,  1921, 
I,  No.  I.) 

Under  the  treatment  with  the  universal  coal- 
arc-light-baths  reparative  changes  take  place 
in. lupus  vulgaris  of  the  mucous  membrane  of 
the  nose. 

The  manner  in  which  healing  is  brought 
about  under  the  treatment  with  light-baths,  is 
histologically  seen  to  be  even  qualitatively 
different  from  the  picture  one  meets  with  in 
the  feeble  spontaneous  attempts  at  healing  of 
the  lupus  vulgaris  of  the  mucous  membrane 
of  the  nose.  Moreover,  these  examinations 
have  shown  that  the  healing  of  the  mucous 
membrane  of  the  nose  in  lupus  vulgaris,  which 
can  be  clinically  proved  under  the  above-men- 
tioned universal  light-bath  treatment,  is  not  a 
merely  apparent  healing,  but  a  real  healing 
process,  histologically  proved. 

Sievert,  Rolf  M.  The  Distribution  of  the  In- 
tensity of  the  Primary  Gamma-Radiation  in 
the  Neighborhood  of  Medical  Radium  Prep- 
arations. (Acta  Radiol,  192 1,  i.  No.  i.) 

In  consideration  of  the  absorption  and  "dis- 
persion," some  formulas  for  the  estimation  of 
the  gamma-ray  intensity  of  the  primary  rays 
in  various  sources  of  radiation  have  been  de- 
rived. 

In  order  to  utilize  these  formulas  in  radium 
therapy,  some  tables  have  been  arranged.  The 
relative  intensities  at  different  distances  of  a 
cylindrical  radium  preparation  have  been  ex- 
amined by  means  of  an  ionization  method.  The 
values  observed  correspond  very  well  with  the 


estimation.  The  secondary  radiation  of  water 
has  been  measured  after  passage  through 
about  I  mm.  glass  at  a  distance  of  .2  cm.,  and 
it  was  shown  that  this  amounted  to  less  than  2 
per  cent  of  the  total  intensity. 

Dr.  Lars  Edling,  lecturer  in  medical  radiol- 
ogy in  the  University  of  Lund,  in  the  first  num- 
ber of  Acta  Radiologica  begins  a  richly  illus- 
trated article :  On  Plastic  Means  of  Application 
in  Radium  Therapy. 

Deep  Radiotherapy  and  Its  Realization  with 

a  French  Apparatus.  (Arch,  dielectric.  mSd., 
March,  192 1,  p.  69.) 

(This  is  an  unsigned  article  based  upon  in- 
formation furnished  by  the  Gaiffe-Gallot  and 
Pilon  Co.,  and  by  Dr.  Dauvilliers  of  the  Paris 
Laboratory  of  Physical  Research.) 

The  apparatus  described  is  one  constructed 
by  Gaiffe-Gallot  and  consists  essentially  of  a 
Rochefort-Gaiffe  coil  feeding  a  tube  immersed 
in  oil  contained  within  a  completely  closed 
lead  box.  It  is  well  known  that  the  coil  fur- 
nishes a  current  of  more  constant  voltage  (at  a 
low  milliamperage)  than  does  an  interrupter- 
less  transformer  and  that  with  the  same  tem- 
perature in  the  anticathode  a  more  homogen- 
eous ray  results.  With  the  apparatus  de- 
scribed, an  equivalent  spark-gap  of  40  cm. 
measured  between  points,  may  be  obtained, 
representing  a  voltage  of  about  200,000  volts. 
The  inverse  is  suppressed  by  the  introduction 
into  the  circuit  of  a  kenotron.  The  tube  carriage 
is  swung  from  an  overhead  track,  the  high 
tension  current  being  supplied  by  isolated 
vertical  wires.  The  tube  box  proper  is  com- 
pletely closed,  filled  with  oil,  and  has  lead  walls 
6  mm.  thick.  This  thickness  is  sufficient  to  re- 
duce the  initial  value  of  the  rays  io'^°.  The 
rays  escape  through  an  aluminum  window  in 
the  bottom  of  the  box.  Perfect  protection  from 
the  rays  and  from  the  high  tension  current  is 
claimed  for  both  the  patient  and  the  operator. 
There  is  no  appreciable  ozone  production.  The 
circuit  may  be  opened  or  closed,  even  at  the 
maximum  spark-gap  without  risk  to  the  tube. 

Lowell  S.  Goin. 

Japiot,  p.,  and  Bussy,  L.  Radiotherapy  in 
Interstitial  Keratitis.  (/.  de  radiol.  et  d'elec- 
trol,  V,  No.  3.) 

In  spite  of  the  pessimism  of  the  past,  radium 
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therapy  has  a  definite  place  in  ophthalmology. 
In  the  hands  of  the  writers  the  jir-ray  treat- 
ment of  interstitial  keratitis  has  yielded  par- 
ticularly good  results.  All  forms  of  parenchy- 
matous keratitis  are  not  equally  suitable  for 
treatment,  hereditary  and  specific  forms  yield- 
ing more  readily  than  others.  Better  results 
are  obtained  in  young  than  in  older  subjects. 
The  writers'  best  results  were  obtained  in 
children  from  seven  to  ten  years  of  age.  In  a 
girl  eighteen  years  old  progress  was  much  less 
rapid.  Treatment  must  be  instituted  as  early 
as  possible.  Early  treatment  may  succeed  in 
aborting  the  disease,  or  at  least  the  cure  will 
be  more  complete  and  accompanied  by  much 
less  opacity  of  the  cornea.  One  of  the  most 
remarkable  effects  of  radiation  is  the  relief 
from  pain  and  the  prompt  disappearance  of 
the  blepharospasm  and  photophobia. 

There  are  two  dangers  to  be  avoided  in  the 
treatment  of  this  condition ;  first,  the  destruc- 
tive action  of  the  rays  on  the  eye  itself  and 
particularly  on  the  juvenile  eye  in  the  course 
of  development ;  second,  the  destructive  action 
of  the  rays  on  the  appendages  of  the  eye.  The 
destructive  effect  of  rays  on  the  eye  has  been 
disputed,  some  affirming  the  possibility  of 
serious  accidents  and  others  denying  this 
possibility.  It  seems  to  be  a  fact  that  these  ac- 
cidents are  improbable  in  adults,  even  with 
large  doses.  But  though  negligible  in  adults, 
there  is  a  real  danger  of  injury  to  the  eyes  of 
children,  a  fact  which  induced  the  writers  to 
use  very  weak  doses  in  the  treatment  of  inter- 
stitial keratitis,  since  it  is  a  disease  of  child- 
hood. The  danger  to  the  ocular  appendages  is 
more  serious.  The  loss  of  the  eye  lashes  and 
the  occurrence  of  scar  tissue  on  the  free  bor- 
ders of  the  lids  constitute  a  serious  injury. 
The  writers  therefore  limited  the  field  of  radi- 
ation to  the  cornea  by  employing  as  protection 
a  sheet  of  lead  pierced  by  an  orifice  the  diam- 
eter of  the  cornea.  The  technique  is  described 
rather  vaguely  as  consisting  of  the  employ- 
ment of  a  hard  tube,  3  mm.  of  aluminum  fil- 
tration, and  an  exposure  of  five  minutes.  The 
milliamperage  is  not  stated.  The  writers  esti- 
mate the  total  dose  delivered  to  the  ocular 
globe  as  i>4  H.,  or  about  Y^  H.  at  each  seance. 
Five  seances  at  intervals  of  one  week  consti- 
tute a  series.  One  series  is  usually  sufficient. 
The  usual  forms  of  therapy  should  be  con- 
tinued during  the  treatment.  Two  cases  are 
reported  in  detail.  T     S   C 


Warnekros.  The  Third  Stage  of  Labor  in 
Roentgenograms.  {Arch.  f.  Gyn'dk.,  1918, 
cix,  266.  Am.  J.  Obst.  &  Gynec,  1920,  i, 
319-) 

To  obtain  accurate  pictures  of  the  placenta 
within  the  uterus  it  is  necessary  to  inject  im- 
mediately after  the  birth  of  the  child,  into  the 
umbilical  vein  a  sterilizable,  opaque  fluid. 
Warnekros  found  barium  sulphate  most  useful. 
First  blood  is  permitted  to  escape  freely,  so 
that  rupture  of  placental  vessels  through  over- 
filling is  avoided.  A  short  exposure  of  three 
to  five-tenths  of  a  second  is  sufficient.  His  ob- 
servations permit  the  following  deductions  in 
regard  to  the  mode  and  the  time  of  detachment 
of  the  placenta:  The  placenta,  as  a  rule,  sep- 
arates first  at  the  edge,  as  always  has  been 
claimed  by  investigators  in  opposition  to  the- 
orists. With  but  rare  exceptions,  the  placenta 
reaches  the  internal  os  edgewise,  and  in  this 
position  glides  into  the  vagina.  Only  in  the 
vagina  occurs  the  inversion  which  causes  the 
placenta  to  appear  outside  the  vulva  exposing 
its  fetal  surface,  or  as  customarily  designated, 
in  the  Schultze  mode.  However,  in  a  few  pic- 
tures, the  placenta  was  seen  to  detach  first  in 
its  center,  actually  corresponding  to  the 
Schultze  modus. 

In  accord  with  the  more  prevalent  idea  the 
separation  of  the  placenta  does  not  begin  until 
the  fetus  is  expelled  from  the  uterus.  Warne- 
kros is  forced  to  the  conclusion  that  the  de- 
tachment starts  at  the  moment  when  the  uter- 
ine muscle  retracts  over  the  escaping  fetus, 
and  is  accomplished  by  the  first  few  subse- 
quent contractions,  because  in  all  his  pictures, 
though  taken  within  five  minutes  after  the 
birth  of  the  child,  the  placenta  appeared  com- 
pletely detached.  This  was  true  even  in  forceps 
extractions,  in  which  the  general  anesthesia 
probably  had  precluded  strong  contractions 
after  the  passage  of  the  fetus. 

Only  in  one  instance  could  he  photograph 
the  placenta  still  in  its  normal  attachment  to 
the  uterine  wall.  This  was  in  a  case  of  twins. 
Injection  and  exposure  were  finished  before 
the  second  child  had  been  born.  The  presence 
of  the  other  fetus  in  the  uterus,  in  his  opinion, 
had  prevented  the  retraction  essential  for  the 
process  of  detachment. 

This  particular  case,  in  his  belief,  also  pre- 
sents the  strongest  possible  proof  that  the  in- 
jection of  fluid  into  the  umbilical  vein  does  not, 
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as  has  been  claimed  by  some,  actually  cause 
the  very  quick  separation  of  the  placenta  uni- 
formly ascertained  in  his  pictures. 

Warnekros.  Attitude  and  Mechanism  of  Ex- 
pulsion in  Breech  Presentation.  (Arch.  f. 
Gyndk.,  1919,  ex,  793.  Am.  J.  Obst.  & 
Gynec,  1920,  i,  319.) 

Splendid  roentgen  pictures,  presented  in  this 
article,  show  that  also  in  breech  presentations 
the  fetus  maintains  a  comfortable  attitude,  and 
that  during  labor  the  expelling  force  of  the 
uterine  fundus  is  actually  transmitted  by  the 
vertebral  ,column  to  the  presenting  breech.  In 
Warnekros'  belief  this  finally  disposes  of  all 
objections  raised  by  certain  writers  who  have 
refused  to  accept  the  theory  of  such  a  trans- 
mission in  pelvic  end  presentations. 

Weibel.  Study  of  the  Third  Stage  of  Labor 
in  Roentgenograms.  {Arch.  f.  Gyndk.,  1919, 
cxi,  413.  Am.  J.  Obst.  &  Gynec,  1920,  i, 
319-) 

Out  of  forty-one  attempts  to  photograph 
the  placenta  in  the  uterus,  twenty-eight  proved 
eminently  successful.  Weibel  with  some  right 
claims  priority  over  Warnekros  in  these  stud- 
ies of  the  third  stage.  The  terms  "Schultze" 
(more  correctly  Baudelocque)  and  "Duncan" 
mode  of  placental  detachment  must  disappear 
from  obstetric  nomenclature.  The  actual  mode 
of  expulsion  of  the  placenta  froni  the  vulva 
has  no  relation  to  the  mechanism  of  its  de- 
tachment. The  opinion,  still  defended  by  some 
■writers,  that  the  separation  begins  during  the 
«tage  of  expulsion  of  the  fetus,  is  untenable. 
In  all  normal  labors,  in  which  the  final  expul- 
sion of  the  child  is  chiefly  accomplished  by 
abdominal  pressure,  the  placenta  is  found  in 
complete  attachment  at  the  moment  of  the  ex- 
pulsion. Detachment  begins  immediately  after- 
wards, either  at  the  edge  or  in  the  center, 
possibly  in  some  instances  simultaneously  over 


its  entire  surface.  In  sliding  down,  the  placen- 
tal edge  reaches  the  cervix  first ;  occasionally 
this  edge  is.  seen  bent  over.  The  mode  of  its 
final  appearance  is  dependent  upon  changes  oc- 
curring during  its  passage  through  the  vagina,     j 

Warnekros.  Spontaneous  Change  of  Position 
of  Full-Term  Fetus  During  Labor.   (Arch, 
f.  Gyndk.,  1918,  cviii,  475.  Am.  J.  Obst.  &    \ 
Gynec,  1920,  i,  320.) 

Two  cases  are  represented  in  several  roent- 
genograms, showing  distinctly  the  spontaneous 
change  of  a  breech  presentation  into  normal 
head  presentation  in  the  course  of  the  first 
stage  of  labor.  This  is  the  first  graphic,  and 
therefore  unimpeachable  proof  for  such  a 
change  of  position  which  had  been  claimed  as 
possible  by  clinical  observations. 

VoGT.  Roentgenologic  Proof  of  Extrauterine 
Life.  (Ztschr.  f.  Geburtsh.  u.  Gyndk.,  1918, 
Ixxx,  344.  Am.  J.  Obst.  &  Gynec,  1920, 
i,  320.) 

This  is  a  problem  of  great  forensic  impor- 
tance. Efforts  in  this  direction  were  first  made 
by  Vaillant.  While  in  the  living  newborn,  be- 
fore he  has  received  any  nourishment,  intes- 
tines and  stomach  are  not  visible  in  the  .ar-ray 
picture,  in  the  stillborn  they  are  clearly  visible. 
Similar  investigations  also  had  been  made  in 
regard  to  the  lung  pictures  of  stillborn  and 
living  newborn  infants.  Some  investigators 
came  to  identical  conclusions,  others  felt  un- 
able to  concur  in  the  findings.  Vogt  studied 
the  problem  on  a  very '  large  material.  He 
comes  to  the  conclusion  that  the  method  is  of 
some  value  if  used  critically,  but  is  applicable 
only  in  cases  in  which  no  artificial  resus- 
citation (especially  swinging  according  to 
Schultze)  had  been  attempted.  The  pictures 
must  be  taken  very  early  before  gases  have 
formed  as  the  result  of  beginning  putrefaction. 
Otherwise  grave  errors  cannot  be  avoided. 
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IN  Germany,  Bruegel  and  Wilms  have 
been  using  the  roentgen  ray  with  very 
promising  results  in  cases  of  duodenal  and 
gastric  ulcer  with  hyperacidity.  This  is 
merely  a  preliminary  report  of  work  along 
similar  lines  which  we  have  recently  started. 
It  is  hoped  to  carry  this  investigation  further 
during  the  next  year. 

The  following  cases  are  reported  as  typi- 
cal results  of  the  investigation  thus  far: 

Case  F.  4025.  Woman  (P.'  P.).  Age 
forty-five.  History  of  past  eight  years  typ- 
ical of  duodenal  ulcer.  This  was  confirmed 
by  roentgen  examination.  Wassermann  neg- 
ative. Urine  and  blood  normal. 


GASTRIC 

ANALYSIS 

Fractional  Ezvald  Test  Meals 

3:15:21 

Total  :; 

1:16:21 

Total 

3:17:21 

Total 

Free 

HCI 

Acid 

HCI 

Acid 

HCI 

Acid 

1st  15  min. 

15 

85 

20 

SO 

25 

50 

2nd     " 

15 

90 

25 

70 

not  er 

lough 

3rd     " 

30 

105 

30 

80 

40 

90 

4th     " 

25 

90 

35 

80 

50 

90 

5th    " 

50 

100 

40 

80 

55 

100 

6th    " 

55 

100 

55 

85 

tube  broken 

7th    " 

65 

105 

65 

100 

85 

95 

8th    " 

70 

100 

50 

no 

85 

100 

tablish  as  nearly  as  possible  the  exact  nature 
of  the  gastric  secretion. 

During  the  entire  period  of  patient's  stay 
in  the  hospital,  she  was  given  a  substantial 
appetizing  diet  consisting  of  cereals,  eggs, 
cream  soup,  cooked  vegetables,  chicken,  fish, 
all  kinds  of  desserts,  with  tea,  coffee  and 
milk.  No  medication  for  relief  of  gastric 
symptoms  was  given. 

March  18,  i()2i.  Patient  given  roentgen- 
ray  treatment  as  follows:  25  ma.m.,  80  k. 
volts,  3  mm.  aluminum  filter,  skin  target 
distance  10  inches.  Area  exposed,  abdomen 
over  stomach  region. 

Patient  did  not  feel  any  evil  effects  from 
treatment,  returned  to  the  ward,  ate  her 
meals  regularly  and  on  the  fourth  day  fol- 
lowing treatment,  the  fractional  test  was  as 
follows : 


Free 

HCI 

Total  Acid 

I  St 

15 

50 

2nd 

20 

60 

3rd 

20 

75 

4th 

35 

90 

5th 

55 

95 

6th 

65 

95 

7th 

65 

95 

8lh 

40 

70 

Three  test  meals  were  taken  on  three  sue-  Patient  continued  on  her  liberal  diet.  Sub- 

cessive  days  (i.e.  as  above),  in  order  to  es-      jectively,  she  felt  somewhat  relieved,  and  on 

•Read  at  the  Second  Annual  Meeting  of  the   Western   Section  of- The  American   Roentgen    Ray   SociExy,    Portland,  Ore., 

May  27,   1921. 
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Chart  i. 


Chart  2. 


March  28,  1921,  ten  days  after  her  first 
treatment,  another  roentgen-ray  treatment 
to  abdpmen  over  stomach  region  was  given 
as  follows:  35  ma.m.,  80  k.  volts,  3  mm. 
aluminum  filter,  10  inch  skin  target  dis- 
tance. Area  exposed,  abdomen  over  stomach 
region. 

On  the   following  three  days,  successive 
test  meals  were  taken  as  follows: 


3:29:21 


Total 


3:30:21 


3:31:21 


Total 


Total 


Free 
1st 
2nd 
3rd 
4th 
5th 
6th 
7th 
8th 


HCl    Acid     HCl      Acid     HCl      Acid 


o 
o 

5 
10 

ID 

35 
40 

55 


40 
40 
60 
60 
60 
75 
85 
85 


5 
10 

IS 
20 

25 
35 
50 
30 


50 

55 
55 
55 
60 

75 
85 
85 


0 

25 

10 

50 

10 

65 

10 

65 

20 

70 

25 

80 

50 

85 

65 

95 

March  ji,  ip2i.  Since  the  second  treat- 
ment the  patient,  subjectively,  feels  much 
better.  She  eats  all  the  food  served  to  her 
and  says  that  she  enjoys  it  because  she  is  no 
longer  continuously  annoyed  by  gaseous  and 
sour  eructations. 

From  the  three  tests  taken  after  roentgen- 


ray  treatment,  as  compared  to  the  three  tests 
taken  before  treatment,  an  appreciable  de- 
cline in  both  free  HCl  and  total  acid  is  ap- 
parent. An  average  taken  for  each  fifteen- 
minute  period  before  treatment  as  compared 
to  the  ave'rage  of  those  for  a  similar  period 
after  two  roentgen-ray  treatments  shows  the 
following  results : 


Free  HCl 


Before 
ist 
2nd 
3rd 
4th 
5th 
6th 
7th 
8th 


20 
20 
33 
37 
48 
55 
71 
68 


After 
1.6 
6.6 
10 
133 
18.3 
31.6 
46.6 
50 


Total  Acid 

before 

After 

61 

38.6 

80 

48.6 

91 

60 

87 

60 

93 

63.3 

92.5 

76.6 

100 

85 

103 

88.3 

See  chart  for  reconstructed  curves  on  basis  of 
these  figures. 

Note:  Averages  for  each  15  minute  period  made 
up  from  the  three  successive  tests  before  and  after 
treatment  as  given  above. 

As  the  patient  seemed  much  improved 
after  two  treatments,  and  as  her  gastric  an- 
alysis still  showed  a  hyperacidity  curve,  fur- 
ther roentgen-ray  therapy  seemed  advisable. 
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Chakt  3. 

AcccM'dingly,  on  April  5,  1921,  the  following- 
treatment  was  given:  30  ma.ni.,  8  k.  volts,  3 
mm.   aluminum   filter,    10  inch   skin   target 
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Chart  4. 

distance.     Area     exposed,     ai)d<>men     over 
stomach  region. 

A   few   moments   after   this    (the  third) 
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Chart  5. 


Chart  6. 
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Chart  7. 

treatment,  an  Ewald  fractional  test  was  tak- 
en to  determine  whether  or  not  the  effect  of 
the  therapy  was  immediate.  The  results  of 
the  test  were  as  follows: 


Free 

IICI 

Tola!  Acid 

ISt 

5 

20 

2ncl 

15 

40 

3rd 

17-5 

55 

4th 

22.5 

50 

5tli 

2-'.5 

50 

6tli 

30 

57-5 

71  h 

40 

67-5 

8ih 

30 

55 

These  figures  show  an  immediate  reduc- 
tion in  hoth  free  HCl  and  total  acid. 

The  patient  was  allowed  to  continue  upon 
an  unrestricted  diet  as  hefore.  and  after  a 
period  of  ten  days  another  test  was  taken  in 
order  to  determine  whether  the  reduction  in 
the  acidity  had  changed  to  any  appreciahle 
extent.  N(^  roentg'en-ra\'  therapy  was  given 
during  this  interim. 

The  results  of  the  test  were  as  follows: 


I'rcc  IICI 

ISt  5 

2nd  10 

3rd  10 


Total  Acid 
30 

4-2-5 
55 


fif.-^u//.:    ,    /     \/r/r  /    ■  V/X'/  1/  riAi-: JU. 


'r/yp'''\  '("'"/■ 
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Chart  8. 

4th 

25 

60 

5th 

35 

60 

6th 

30 

55 

7th 

40 

65 

8th 

30 

D^ 

These  figures  show  that  over  a  i)eriod  of 
ten  davs  there  had  l)een  very  little  if  any 
change  in  the  gastric  acidity. 

On  .A])ril  19,  192 1,  another  roentgen-ray 
treatment  was  given  as  {(allows:  35  ma.m., 
80  k.  volts,  ^nmi.  aluminum  filter,  jo  inch 
skin  target  distance.  Area  exposed,  a1;domen 
over  stomach  region. 

After  this  treatment,  a  period  of  one  week 
was  allowed  to  elapse  hefore  the  Ewald  frac- 
tional test  meal  was  taken.  The  results  of 
the  test  meal  are  as  follows: 


Free 

HCl 

Tolal  .lci( 

ISt 

10 

40 

2nd 

10 

40 

3rd 

10 

45 

4th 

15 

50 

5th 

20 

55 

6th 

20 

50 

7th 

15 

50 

8th 

15 

40 

After  this  test,  patient  left  the  hospital 
practically  free  from  all  symptoms  of  gas- 
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trie  distress.  We  hope  to  have  her  report  at 
monthly  intervals  in  order  to  determine  the 
permanency  of  the  result. 

COMPARATIVE  TABLE  OF  GASTRIC  ACIDITY  BEFORE 
ROENTGEN-RAY  THERAPY  AND  FOLLOWING  EACH 
SUCCESSIVE   TREATMENT 


Free 

HCl 

Before  any 

After  1st 

2nd 

31-d 

4th 

.Y-] 

Ray 

Treatment 

1st 

20 

15 

1.6 

5 

10 

2nd 

20 

20 

6.6 

15 

10 

^.rd 

33 

20 

10 

17-5 

10 

4th 

i7 

35 

13-3 

22.5 

20* 

:;th 

48 

55 

18.3 

22.  s 

20 

6th 

55 

65* 

31-6 

30 

20 

7th 

71* 

65 

46.6 

40* 

15 

8th 

68 

40 

50    * 

30 

15 

Total  Acid 

1st 

61 

50 

38.6 

20 

40 

2nd 

80 

60 

48.6 

40 

40 

3rd 

91 

75 

60 

55 

45 

4th 

87 

90 

60 

50 

50 

5th 

93 

95* 

63.3 

50 

55* 

6th 

92.5 

95 

76.6 

57-5 

50 

7th 

100 

95 

85 

67.5* 

50 

8th 

103* 

70 

88.3* 

55 

40 

*The  asterisk  marks  the  highest  point  for  each  test 
and  you  will  note  that  with  each  succeeding;  treat- 
ment, the  acidity  never  reaches  the  highest  point 
reached  in  the  previous  test. 


Case  F.4039.  Man  (D.  E.).  Age  forty- 
six. 

History  for  past  twelve  years  typical  of 
duodenal  ulcer.  Patient  entered  hospital  on 
account  of  vomiting  and  passing  by  rectum 
a  large  quantity  of  blood.  After  control 
of  hemorrhage,  roentgen  examination  con- 
firmed diagnosis  of  duodenal  ulcer.  Gastric 
analvsis  showed  total  aciditv  8s   and   free 

Patient  continued  on  strict  Sippy  treat- 
ment for  obstruction  type  of  peptic  ulcer, 
and  in  spite  of  the  increasingly  large  doses 
of  alkalies,  it  was  impossible  to  control  the 
high  acidity.  Although  the  patient  gained  in 
weight  and  felt  much  better,  he  complained 
of  some  discomfort  and  pain  in  his  epi- 
gastrium. 

From  time  to  time,  samples  of  gastric  con- 
tent were  taken  (one  half  hour  after  last 
powder  in  accordance  with  Sippy's  method. 


9:30  p.m.)  and  we  found  that  the  acidity 
was  exceedingly  high  in  spite  of  the  fact 
that  the  patient  had  been  under  treatment 
for  a  period  of  six  weeks.  At  one  time,  pa- 
tient showed  total  acid  125  and  free  HCl  55. 

In  view  of  the  results  obtained  in  the  pre- 
vious case  (4025)  in  controlling  the  acidity, 
it  was  decided  to  combine  the  roentgen-ra^ 
therapy  with  the  Sippy  treatment. 

The  following  Ewald  test  was  taken  to 
establish  the  nature  of  the  gastric  acidity 
before  administering  roentgen  rays. 

April  4,  i()2i,  Fractional  Test  (Ewald  Meal) 
Free  HCl  Total  Acid 

I St       25  55 

2nd      30  60 

3rd      40  85 

4th      so  95 

5th      55  TOO 

6th      65  105 

7th      80  1X0 

8th      85  no 

April  6,  1 92 1.  Roentgen-ray  treatment 
over  stomach  as  follows*.  35  ma.m.,  80  k. 
volts,  3  mm.  aluminum  filter,  10  inch  skin 
target  distance. 

Another  fractional  test  was  taken  as 
follows : 


Free  HCl 

Total  Acid 

1st         0 

25 

2nd       5 

42.5 

3rd      20 

50 

4th       45 

75 

5th      47.4 

75 

6th      42.5 

65 

7th      32.5 

55 

8th      37-5 

60 

Owing  to  this  very  striking  result,  the  test 
was  repeated  the  following  morning,  April 
8,  1921 : 


Free 

HCl 

Total  Acid 

ist 

5 

25 

2nd 

15 

35 

3rd 

20 

50 

4th 

20 

50 

5th 

25 

55 

6th 

22.5 

45 

7th 

30 

55 

8th 

45 

55 

During  the  interval  between  tests,  the  pa- 
tient was  taking  large  quantities  (double 
doses)  of  alkalies  hourly  from  6:30  a.m.  un- 
til 9:30  p.m. 
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April  14,  1 92 1,  patient  was  given  another 
roentgen  ray  treatment  as  follows:  35  ma.m., 
80  k.  volts,  3  mm.  aluminum  filter,  10  inch 
skin  target  distance. 

He  was  instructed  not  to  take  any  Sippy 
powders  for  forty-eight  hours,  and  then  the 
following  test  was  taken  on  April  15,  1921 : 


Two  days  later,  April  27,  1921,  an  Ewald 
fractional  test  was  taken: 


Free  HCl 

Total  Acid 

ist         5 

35 

2nd      10 

45 

3rd       17.5 

50 

4th       20 

55 

5th      25 

60 

6th      42.5 

82.S 

7th      60 

85 

8th      60 

85 

The  patient  again  resumed  the  Sippy 
treatment  and  after  a  period  of  twenty-four 
hours,  another  test  was  taken  on  April  17, 
1 92 1,  as  follows: 


Free  HCl 

Total  Acid 

1st       10 

30 

2nd      10 

35 

3rd      10 

40 

4th       20 

50 

5th       22.5 

52.S 

6th      30 

55 

7th      40 

75 

8th      45 

80 

Although  there  was  a  definite  increase  in 
both  free  HCl  and  total  acidity  over  the  tests 
taken  following  the  first  roentgen-ray  treat- 
ment, the  patient  felt  fine  and  was  entirely 
free  from  pain. 

On  April  18,  1921,  the  following  roent- 
gen-ray treatment  was  given:  35  ma.m.,  80  k. 
volts,  3  mm.  aluminum  filter,  10  inch  skin 
target  distance. 

On  April  25,  1921,  another  treatment  was 
given  as  follows:  35  ma.m.,  80  k.  volts,  3 
mm.  aluminum  filter,  10  inch  skin  target  dis- 
tance. 


Free 

HCl 

Total  Acid 

1st 

0 

40 

2nd 

0 

45 

3rd 

0 

50 

4th 

7-5 

65 

=;th 

20 

55 

6th 

25 

52.5 

7th 

0 

35 

8th 

0 

55 

On  April  28,  1921,  at  10.30  p.m.,  one  half 
hour  after  the  last  Sippy  powder  had  been 
taken,  a  sample  of  gastric  content  showed 
the  following:  free  HCl  25;  total  acid  60. 
The  patient  had  gained  over  20  pounds  in 
weight,  was  entirely  free  from  pain,  and  had 
an  excellent  appetite.  He  was  discharged 
from  the  hospital  with  instructions  regard- 
ing diet,  etc. 

The  dosage  as  given  in  these  cases  seemed 
to  give  the  most  favorable  results  without 
any  disturbance.  Several  patients  treated 
with  higher  doses  were  nauseated  and  very 
miserable  for  twelve  hours  following  the 
treatment.  While  we  have  not  had  the  op- 
portunity to  observe  the  time  that  these  re- 
sults w411  last,  several  of  our  cases  have  been 
free  from  symptoms  from  three  to  six 
months,  and  it  is  very  dif^cult  to  get  these 
patients  to  return  for  gastric  analysis  while 
they  are  free  from  symptoms. 

We  are  indebted  to  Dr.  S.  H.  Hurwitz, 
Dr.  A.  Nahman,  and  Dr.  E.  O.  Jellinek  of 
the  Medical  Staff  of  the  Mt.  Zion  Hospital 
for  heartv  cooperation  in  this  work. 

REFERENCES 

Wilms.      Rontgcnbestrahlung     bei      Pylorospasmus. 

Miinchen.  med.  IVchiischr.,  July  25,  1916,  Ixiii,  1073. 
Bruegel.    Die    Beeinflussung    des    Magenchemismus 

dnrch  R6ntgenstral)lcn.  Ibid.,  March,  1917,  Ixiv,  379. 


TREATMENT  OF  LEUKEMIA 


By  H.  B.  THO^IPSON,  M.D. 

SEATTLE,   WASHINGTON 
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HE  disease  "Leukemia",  as  it  was  de- 
scribed in  the  text-books  and  taught  in 
medical  schools  at  the  time  I  attended, 
seemed  to  comprise  a  fairly  well-defined 
group  of  conditio  s  which  could  be  subject- 
ed to  a  clear-cut  classification.  It  appeared 
very  simple  to  divide  the  leukemias  into  the 
myelogenous  and  lymphatic  types,  and  the 
differential  diagnosis  was  well  defined  both 
as  to  blood  pictures  and  clinical  findings.  Al- 
lied with  the  leukemias,  but  having  a  distinct 
entity,  Hodgkin's  disease  was  usually  de- 
scribed in  the  succeeding  chapter. 

Since  that  time  a  great  deal  of  work  has 
been  done  along  this  line,  and  especially 
within  the  last  few  years,  as  a  result  of 
which,  each  of  tlie  newer  systems  of  medi- 
cine devote  a  good  deal  of  space  to  the  sub- 
ject and  the  recent  journals  have  numerous 
articles  by  dift'erent  investigators. 

All  the  writers  have  added  a  little  to  the 
general  knowledge  on  the  subject,  but  each 
has  viewed  it  from  a  slightly  different  angle 
and  has  attempted  a  modification  of  the  old 
classification. 

The  tendency  of  modern  writers  seems 
to  be  twofold:  first,  they  tend  to  broaden 
the  scope  of  the  leukemias  to  include  many 
allied  conditions,  and  second,  they  tend  to 
subclassify  with  greater  detail  and  in  so  do- 
ing have  introduced  many  terms,  the  exact 
meaning  of  which  is  only  clear  to  the  author 
originating  them. 

Under  the  subject  of  leukemia,  one  finds 
described  not  only  the  original  acute  and 
chronic  forms  of  splenomyelogenous  and 
lymphatic  leukemia,  but  also  Hodgkin's  dis- 
ease, aleukemias,  subleukemias,  myeloses 
and  lymphoses,  chloromas,  lymphomas, 
granulomas,  sarcomas  and  primary  anemias. 

One  patient  of  mine  who  returned  to  the 
East,  was  diagnosed  as  an  "aleukemia  leu- 
kemia," and  a  splenectomy  was  done.  I  am 
glad  to  say  the  results  of  the  operation  were 
very  gratifving  in  spite  of  the  apparent 
meaningless  nature  of  the  diagnosis. 

*Rea(l  at  the  Secoiid  Annual  Meeting  of  the  Western   Section 
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It  is  very  probable  that  the  name  meant 
a  very  definite  condition  or  disease  to  the  op- 
erator, but  it  failed  to  convey  any  additional 
meaning  or  information  to  myself  or  any 
of  the  other  men  interested  in  the  case. 

For  general  usefulness,  therefore,  it  seems 
rather  hard  to  improve  on  the  original  text- 
book classification  which  is,  at  least,  simple 
in  application  and  conveys  a  very  definite 
impression  when  applied  to  a  condition.  It 
is  true  that  no  two  leukemia  cases  are  ex- 
actly alike,  but  neither  are  any  two  individ- 
uals. It  therefore  seems  more  rational  to  the 
writer  to  assign  a  case  definitely  to  one  or 
the  other  of  the  main  groups,  and  then  elab- 
orate the  particular  findings  and  course  of 
the  disease. 

The  two  main  groups  are  the  myeloge- 
nous and  the  lymphatic  types.  In  the  mye- 
logenous form  there  is  a  hyperplasia  of  the 
white  cells  originating  in  the  bone-marrow. 
These  are  the  granular  forms  of  white  blood 
cells.  The  lymphatic  form  is  characterized 
principally  by  an  increase  in  the  lymphocyte 
series  of  non-granular  white  blood  ceils.  In 
the  myelogenous  form  the  spleen  and  bone- 
marrow  activity  is  principally  increased, 
Avhile  in  the  lymphatic  form  there  is  usu- 
ally a  general  hyperplasia  of  lymphatic  tissue 
throughout  the  entire  lymphatic  svstem. 

Both  these  conditions  are  often  present 
to  a  varying  degree  in  the  same  patient,  and 
from  either  the  physical  findings  or  blood 
picture  it  is  very  difficult  to  state  definitely 
which  series  of  findings  predominates.  Cer- 
tain other  cases  have  very  few  of  the  typical 
findings  of  a  leukemia,  but  more  nearly  ap- 
proach conditions  formerly  considered  as 
entities,  such  as  Hodgkin's  disease,  sarcoma- 
tosis,  primary  splenic  anemia  or  pernicious 
anemia. 

A  blood  slide  of  one  of  the  cases  which  I 
am  reporting  was  sent  to  another  laboratory 
after  the  W.  B.  C.  had  dropped  to  normal 
or  a  little  below  and  was  reported  back  as 
a  pernicious   anemia.    This  conclusion   was 
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very  well  grounded  with  a  white  count  of 
5,600,  red  count  of  2  million,  and  hemo- 
globin 30  per  cent. 

So  much  has  been  written  in  the  journals 
recently  on  the  treatment  of  these  cases  by 
both  the  roentgen  ray  and  radium  that  it  is 
probably  very  familiar  to  you  all.  Person- 
ally, I  have  never  used  radium  although 
equipped  to  do  so,  as  it  does  not  seem  ra- 
tional to  me  to  attempt  to  use  this  agent  in  a 
condition  that  is  so  widespread.  We  all  know 
that  the  effect  of  radiation  decreases  as  the 
square  of  the  distance  from  the  source,  and 
when  radium  is  used  the  effect  is  limited  to 
a  very  small  area.  So  far  as  I  have  been  able 
to  learn,  no  one  has  a  sufficient  quantity  of 
radium  or  the  time  and  patience  to  make 
anything  like  the  general  application  possible 
with  the  roentgen  ray.  However,  many  men 
report  very  gratifying  results  by  the  applica- 
tion of  radium  over  the  splenic  area  alone. 

Benzol,  as  a  therapeutic  agent,  was  used 
a  great  deal  a  few  years  ago,  but  is  appar- 
ently used  less  today  than  formerly.  Billings 
used  it  in  connection  with  the  roentgen  ray 
on  numerous  cases,  but  I  understand  he  has 
practically  given  it  up.  While  it  may  help  to 
bring  down  the  white  count  very  rapidly, 
the  cofisensus  of  opinion  seems  to  be  that 
the  benefit  derived  is  more  unstable  and  the 
than  when  it  is  not  used.  Although  recur- 
rences always  do  occur  sooner  or  later,  I 
have  seen  but  two  cases  of  leukemia  which 
did  not  show  a  very  marked  improvement 
under  roentgen-ray  therapy.  These  were  of 
the  acute  fulminating  type,  one  of  myelogen- 
ous leukemia  in  a  boy  of  fourteen,  who  died 
within  a  month  of  the  time  a  diagnosis  was 
made  and  within  two  weeks  of  the  time 
treatment  was  begun.  The  other  was  of  the 
lymphatic  type,  and  death  ensued  within  one 
week  of  the  first  symptoms. 

In  the  first  case,  although  very  small  dos- 
age was  given,  I  have  never  been  quite  sure 
that  his  cleath  might  not  have  been  hastened 
by  the  increased  toxemia.  Although  practi- 
cally every  case  shows  a  great  improvement, 
this  improvement  is  only  temporary,  but  I 
believe  there  is  no  other  fatal  disease  for 
which  we  can  do  so  much  as  in  this  class  of 


cases. 


Just  how  radiation,  either  the  roentgen 
ray  or  radium,  acts,  is  still  largely  theo- 
retical. From  my  own  experience  it  seems 


that  it  makes  very  little  dift'erence  where  the 
radiation  is  applied,  but  the  effect  is  appar- 
ently proportional  to  the  amount  of  bloocl  ra- 
diated. Whether  this  is  due  directly  to  the  ef- 
fect on  the  blood  elements,  or  by  their  de- 
struction some  substance  is  liberated  which 
secondarily  affects  the  production  of  the 
blood  elements,  is  really  immaterial. 

I  have  noticed  untreated  glands  in  lym- 
phatic leukemia  and  Hodgkin's  disease  re- 
gress in  size,  and  nearly  always  in  the  true 
leukemias  there  is  a  larger  drop  in  the  white 
cells  and  an  increased  toxemia  when  treat- 
ment is  given  over  blood-filled  organs  such 
as  the  spleen  and  liver,  than  in  treatment 
over  the  long  bones. 

Each  individual  case  must  be  watched 
carefully  during  treatment  for  any  signs  of 
increased  toxemia  and  the  amount  of  treat- 
ment gauged  accordingly.  One  can  usually 
count  on  the  blood  picture  improving  for 
a  considerable  time  after  treatment  has 
stopped,  and  for  this  reason  1  do  not  at- 
tempt to  get  the  blood  count  below  15,000 
to  25,000,  depending  on  the  rapidity  with 
which  it  is  falling  when  treatment  is 
stopped.  After  the  blood  has  reached  a 
practicallv  normal  white  count  there  is  still 
a  great  deal  which  can  be  done  to  benefit 
the  patient.  The  red  count  is  usually  low 
and  also  the  hemoglobin.  These  must  be 
built  up  by  rest,  good  food,  tonics,  iron  by 
mouth  or  hypodermically,  or  by  transfusion. 

Of  late  years  there  is  a  growing  tendency 
toward  splenectomy,  after  reduction  of  the 
size  of  the  spleen  by  radiation  and  building 
up  the  patient's  general  condition.  The  Mayo 
Clinic,  up  to  January  i,  1918,  had  given  -i 
mortality  of  93  per  cent.  Since  that  date  and 
up  to  June,  1920,  they  have  operated  on  26 
cases  with  a  mortality  of  38  per  cent.  Of 
these,  5  are  in  good  condition  and  2  in  fair 
condition  beyond  the  usual  life  expectancy 
of  the  disease.  While  these  figures  are  prom- 
ising, it  is  too  early  to  decide  definitely  on 
the  value  of  splenectomy  in  these  cases. 

As  to  technique,  I  use  a  full  8  inch  spark 
gap  between  ball  points  with  a  4  mm.  alumi- 
num filter  and  sole  leather,  and  usually 
give  a  5  to  10  X  dose  daily,  using  a  different 
area  each  day,  and  treating  up  one  side  of 
the  body  and  down  the  other.  This  treatment 
is  reduced  to  every  other  day  if  there  is  too 
much  toxemia.  The  initial  course  is  contin- 
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ued  until  the  white  count  is  nearly  normal. 
Regular  blood  counts  are  made  thereafter 
and  another  series  of  treatments  given  as 
indicated  by  the  blood  picture  and  the  pa- 
tient's general  condition.  It  will  be  seen  that 
the  above  dosage  is  more  stimulative  than 
destructive  in  action. 

I  wish  to  report  2  cases  of  myelogenous 
leukemia  coming  under  my  care  in  the  past 
year,  and  of  which  I  have  fairly  complete 
records.  One  other  case,  previously  referred 
to  as  an  aleukemia  leukemia,  more  nearly  ap- 
proached the  l}'mphatic  type.  This  was  in  a 
physician  who  underwent  a  splenectomy, 
practicalh'  during  the  acute  stage,  but  is  in 
very  good  health  today  and  attending  to  his 
practice. 

A  fourth  case  was  seen  very  recently.  A 
man  was  taken  sick  on  a  Thursday,  com- 
plaining only  of  malaise,  slight  fever  and  a 
small  enlargement  of  the  cervical  glands. 
The  W.  B.  C.  on  Saturday,  on  his  admission 
to  the  Hospital,  was  600,000.  On  Sunday  I 
gave  a  very  small  dose  of  roentgen  rays. 
Monday  he  became  delirious,  gradually  sink- 
ing into  a  stupor  with  meningeal  symptoms, 
with  death  occurring  on  the  sixth  day  of  the 
disease. 

Both  of  the  other  cases  are  of  the  chronic 
myelogenous  type  and  have  shown  the  usual 
very  marked  improvement. 

CASE  I 

Miss  C.  M.,  American,  aged  forty-nine, 
school  teacher,  single.  No  previous  sickness 
since  childhood  except  a  supposed  ulcer  of 
stomach  from  which  she  lost  three  weeks 
school  work,  the  only  time  lost  in  twenty- 
four  years  of  teaching.  Family  history  nega- 
tive. 

She  first  consulted  a  physician  in  May  of 
last  year  but  had  noticed  swelling  of  feet  and 
legs  the  previous  fall.  For  two  months  be- 
fore consulting  a  doctor  had  noticed  some 
pain  in  left  side  in  region  of  spleen.  There 
was  also  some  shortness  of  breath  on  exer- 
tion. Her  last  school  year  was  rather  trying 
on  account  of  aching  in  feet  and  limbs. 

Physical  examination  showed  patient  in 
good  flesh  but  slightly  anemic.  The  hair 
and  teeth  were  in  good  condition.  Tonsils 
atrophic ;  thyroid  normal.  Heart  and  chest 
normal  except  f(^r  systolic  murmur  at  apex. 


Abdomen  showed  dullness  beginning  at 
/th  interspace  in  left  axillary  line  and  ex- 
tending to  crest  of  ilium,  caused  by  a  large 
dense  mass  occupying  the  position  of  the 
spleen  and  extending  from  costal  border  to 
crest  of  ilium  and  as  far  as  the  median  line 
in  front.  Xo  other  glandular  enlargements. 

Bones  not  painful  on  pressure  or  tapping. 
Some  edema  of  legs  and  feet. 

The  first  blood  count,  taken  before  admis- 
sion to  the  hospital,  showed  a  total  white 
count  of  224,000  with  45  per  cent  polys, 
22  per  cent  lymphocytes,  8  per  cent  baso- 
phils and  25  per  cent  myelocytes,  with  about 
15,000  nucleated  reds  per  c.  mm. 

The  large  number  of  myelocytes,  together 
with  the  clinical  findings,  places  this  case 
definitely  in  the  class  of  the  chronic  mvelog- 
enous  type. 

CASE   II. 

Mrs.  E.  H.,  aged  forty-two,  American, 
rancher's  wife.  Family  history  entirelv  nega- 
tive. Past  history,  measles,  whooping-cough 
when  child.  Had  influenza  one  year  ago, 
lasting  for  six  weeks. 

Has  had  no  children.  There  was  one  preg- 
nancy ten  years  ago,  but  a  miscarriage  oc- 
curred at  six  weeks.  Menses  always  regular, 
usually  flowing  five  to  six  days.  Patient 
thinks  she  had  attack  similar  to  present  one 
four  years  ago,  but  at  that  time  was  only 
sick  about  one  week. 

Present  trouble  began  last  winter.  She 
complained  of  feeling  weak  and  had  no  en- 
ergy. Weakness  increased  up  to  January 
22nd  of  this  year,  at  which  time  she  was  con- 
fined to  her  bed  for  about  two  weeks.  She 
complained  of  nausea  and  some  vomiting. 
After  two  weeks'  confinement  she  was  able 
to  be  up  for  a  short  time  but  was  extremely 
weak. 

A  physical  examination  at  her  entrance 
to  the  Hospital  on  March  14th,  showed  a 
fairly  well-nourished  individual  with  a  very 
marked  greenish  yellow  discoloration  of  the 
skin  all  over  the  body.  There  was  some  yel- 
lowish discoloration  of  the  conjunctivae. 
The  mucous  membranes  were  very  pale.  The 
patient  was  too  weak  to  stand. 

The  cervical,  axillary  and  inguinal  glands 
were  just  palpable.  The  teeth  were  in  fairly 
good  condition, there  being  only  one  showing 
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a  ofranulonia.  This  was  removed.  The  chest 
examination  was  entirely  negative.  The  ab- 
dominal examination  showed  the  spleen  so 
much  enlarged  that  it  entirely  filled  the  left 
side  of  the  abdomen  and  extended  to  the 
right  of  the  navel,  about  i  ^2  inches.  This 
entire  area  was  very  tender  on  palpation. 
The  liver  was  very  slightly  enlarged  and 
was  tender.  The  pelvic  examination  was  neg- 
ative. Reflexes  normal. 

I  have  records  of  the  differential  counts  of 
these  two  patients  at  very  frequent  intervals, 
l)ut  from  mv  experience,  which  is  well  illus- 
trated by  these  2  cases,  more  credence  should 
be  placed  on  the  total  white  count  in  con- 
junction with  the  condition  of  the  patient 
than  on  the  differential  count,  as  determin- 
ing the  progress  of  the  case  and  the  treat- 
ment recjuired.  Case  I  showed  on  May  20. 
1920,  a  35  per  cent  myelocyte  count ;  on  June 
23rd  a  3  per  cent  myelocyte  count ;  and  on 
June  29th  a  23  per  cent  myelocyte  count,  al- 
though the  total  white  count  and  the  pa- 
tient's condition  showed  a  steady  improve- 
ment during  this  time. 

Case  II  showed  a  nearlv  normal  poh'mor- 


phonuclear  count  throughout  the  course  of 
the  disease,  the  lowest  count  being  53  and 
the  highest  74  per  cent.  Only  one  count 
showed  as  much  as  i  per  cent  of  typical 
myelocytes,  although  the  total  count  of  gran- 
ular cell  elements,  composed  of  transitional 
eosinophils,  basophils,  large  mononuclears 
and  myelocytes  showed  a  definite  increase 
in  percentage  over  the  normal.  It  is  for  this 
reason  and  the  fact  that  the  clinical  symp- 
toms showed  no  other  glandular  enlarge- 
ments except  the  spleen,  that  I  classif)^  this 
case  as  of  the  myelogenous  type.  It  is  not 
the  classical  text-book  picture,  being  atypical 
in  several  respects,  but  more  nearly  re- 
sembles the  myelogenous  form  than  the 
lymphatic. 
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SUBOCCIPITAL  POTT^S  DISEASE  ^^ 

By  CHARLES  M.  RICHARDS,  M.D. 

SAN  JOSE,  CALIFORNIA 


THE  frec[uency  of  the  location  of  spinal 
tuberculosis  is  in  the  following  order: 
first,  dorsal  spine;  second,  lumbar  spine; 
third,  cervical  spine.  In  the  last  region  the 
parts  least  frec|uently  affected  are  the  first 
and  second  cervical  vertebrae ;  hence  Pott's 
disease  involving  these  segments  is  compar- 
atively rare. 

My  special  attention  was  first  called  to  the 
condition  by  the  case  which  is  reported  be- 
low, and  on  a  search  of  the  literature  I  was 
surprised  to  find  reference  to  the  condition 
very  meager,  particularly  in  our  own  tongue. 
The  French  literature  is  more  extensive  on 
the  subject ;  in  fact,  had  I  not,  only  a  few 
days  before  seeing  this  case,  come  across  an 
article  by  Galland  (see  bibliography).  I 
might  not  have  been  so  fortunate  as  to  have 
spotted  it.  Hence  a  brief  resume  of  the  sub- 
ject may  not  be  unwelcome. 

*Read    at    the    Second    Annual    Meeting    of   the    Western    Sec 
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Since  tuberculosis  of  the  spine  invades 
primarily  the  spongy  bone,  the  natural  places 
to  expect  to  find  it,  in  the  two  particular 
vertebrae  here  considered,  are  the  odontoid 
process  and  body  of  the  axis,  and  the  lateral 
masses  of  the  atlas.  This  is  the  case,  and 
from  these  regions  it  may  extend  to  the  an- 
terior arch  of  the  atlas,  and  to  the  condyles 
of  the  occiput. 

According  to  the  amount  of  bone  destruc- 
tion, various  luxations  take  place  which  give 
rise  to  certain  more  or  less  characteristic  de- 
formities, as  well  as  to  numerous  secondary 
nerve  pressure  symptoms  which  have  at 
times  led  the  diagnostician  far  afield  in  judg- 
ing the  true  condition.  Such  was  the  situa- 
tion in  a  case  reported  by  Merklen  and 
Shaeffer,  of  a  woman,  aged  seventy,  in 
whom  secondary  ner\'e  symptoms  so  dom- 
inated the  picture  that  the  true  cause  of  the 
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symptoms  was  not  discovered.  It  seems  a 
matter  worthy  of  note  that  in  an  examina- 
tion which  was  complete  and  exhaustive  in 
every  other  feature,  not  once  was  the  possi- 
bility considered  that  roentgen  methods 
could  offer  any  help  in  the  solution  of  the 


k. 


Fir,.  I.  Compression  of  right  lateral  mass  of  atlas  in 
case  of  suboccipital  Pott's  disease. 

[)roblem,  whtn  this  diagnostic  means  was 
obviouslv  the  one  best  calculated  to  provide 
that  solution.  In  this  case  autopsy  alone  re- 
vealed the  true  condition. 

Where  there  is  destruction  of  the  lateral 
mass  of  the  atlas,  either  on  one  side  or  on 
lx)th  sides,  the  occiput  may  settle  down  and 
forward  and  cause  the  odontoid  process  to 
penetrate  the  foramen  magnum,  and  there 
will  ensue  various  symptoms  of  pressure  on 
the  upper  cord  and  bull)  that  will  greatly  con- 
fuse the  clinical  picture. 

Previous  to  the  time  of  compression  of 
diseased  bone,  at  least  so  far  as  it  causes 
pressure  symptoms,  the  patient  will  usually 
seek  aid  for  severe  pain  in  the  posterior 
portion  of  the  neck,  high  up,  particularly  on 
motion,  and  due  in  large  part  to  the  muscu- 
lar spasm  on  the  side  affected.  A  typical  pic- 
ture of  ordinary  torticollis  is  seen,  plus  the 
pain.  Motion  of  the  head  is  also  voluntarily 
limited  and  the  chin  is  apt  to  be  supported 
1)y  the  two  hands.  The  onset  may  be  unex- 
pectedly rapid  and  a  fairly  acute  history  may 
be  given. 

Prevertebral  or  paravertebral  abscess  may 
form  and   travel  down  the  cervical    fascia 


pointing  at  any  of  the  various  points  along 
the  way,  even,  as  in  a  case  reported  by  Rugh 
(see  bibliograph}-),  going  as  far  as  the  lum- 
bar region  before  showing  itself. 

As    to    points    of    differential    diagnosis, 
aside  from  the  distinction  from  simple  tor- 


FiG.  2.  Normal  atlas  and  axis  taken  through  the  nose. 

ticollis,  authors  place  considerable  weight  on 
dift'erentiation  from  mastoid  disease  and  the 
various  symptom  syndromes  due  to  compres- 
sion of  nerve  roots,  or  even  from  cerebellar 
tumor.  Since  apparently  trustworthy  obser- 
vers have  confessedly  been  misled  in  their 
diagnosis  in  these  points  with,  of  course,  dis- 
astrous results  to  the  patient,  and  no  doubt 
no  end  of  cliagrin  to  themselves,  it  is  appar- 
ent that  su1)occipital  spinal  caries  must  be 
considered  when  one  of  the  atypical  cases  of 
mastoiditis  or  of  pressure  on  the  lower 
brain  or  lower  cranial  nerves  is  up  for  diag- 
nosis. Manifestly  the  diagnosis,  from  a 
therapeutic  standpoint,  is  tremendously  im- 
portant ;  for  the  treatment,  for  instance,  of 
acute  mastoid  disease  and  spinal  caries  is  ex- 
actly opposite,  in  that  in  the  former  surgery 
is  to  be  considered,  and  in  the  latter,  cer- 
tainly not. 

Case  Report.  L.  S.,  female,  aged  eleven, 
was  referred  to  me  on  December  27,  1920, 
by  Dr.  F.  S.  Ryan  with  the  following  his- 
tory. Patient  had  had  mumps,  measles  and 
scarlet  fever  together  about  five  years  ago. 
Pertussis  and  catarrhal  jaundice  of  three 
weeks'  duration  in  September  and  October, 
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1920,  with  fever  practically  all  the  time. 
There  was  marked  icterus  and  some  tender- 
ness in  the  region  of  the  gall-bladder. 

The  present  illness  began  suddenly  with 
pain  in  the  neck,  especially  on  movement. 
She  fell  off  some  boards  about  two  weeks 
previously,  but  does  not  remember  that  she 
twisted  or  hurt  her  neck.  No  chills  or  fever. 

Examination  revealed  a  fairly  well  nour- 
ished child,  quite  pale,  but  eyes  and  skin 
clear.  The  patient  held  the  head  tilted  to  the 
right,  that  is,  the  point  of  the  chin  was  de- 
flected to  the  left,  and  the  head  was  apt  to 
be  supported  by  the  hands  in  moving  the 
body  as  in  getting  onto  and  off  the  table. 
Movement  of  the  head  w-as  extremely  pain- 
ful and  evoked  marked  muscle  spasm  in  the 
neck  muscles.  The  reflexes  were  normal  or 
slightly  exaggerated.  The  heart,  lungs  and 
abdominal  viscera  were  negative.  The  urine 
was  normal.  The  blood  showed  a  hemo- 
globin of  60  per  cent  and  a  leucocyte  count 
of  8,000. 

The  patient  passed  from  under  Dr.  Ryan's 
observation  for  a  time  while  trying  various 
electrical  treatments  and  finally  returned  to 
him,  and  he  requested  the  roentgen  examina- 
tion which  revealed  a  destructive  process  in 
the  riglit  lateral  mass  of  the  atlas,  with  com- 
pression, thus  allowing  the  head  to  tilt  to 
the  right. 

In  conclusion,  a  word  or  two  on  technique 
might  be  of  value.  Our  usual  method  of  get- 
ting an  anteroposterior  view  of  the  first  two 
cervical  vertebrae  is  by  exposing  through 
the  opened  mouth  upon  a  plate  placed  at  the 
back  of  the  neck.  This  is  a  maneuver  which 
rec|uires  some  nicety  of  judgment  to  succeed 
in  missing  the  teeth  and  the  occiput,  and  ob- 
tain a  view  of  the  two  vertebrae  with  a  mini- 
nuun  of  distortion. 

If  the  patient  has  an  occiput  which  slopes 
up  abruptly  enough,  we  can  usually  succeed 
in  getting  the  joint  between  the  atlas  and 
axis  and  most  or  all  of  the  odontoid  process. 
If  he  is  minus  his  front  teeth  we  are  aided 
still  more.  However,  there  are  a  large  num- 
ber of  patients  who  unfortunately  have  all 
their  teeth  and  whose  occiputs  have  con- 
siderable overhang.  For  such  as  these  the 
method  suggested  by  Galland  offers  a  solu- 
tion. This  method  consists  in  passing  the 
vertical  ray  through  the  nasal  air  spaces  at 


right  angles  to  the  plate  and  to  the  first  two 
vertebrae. 

We  thus  get  a  minimum  of  distortion 
and.  aside  from  the  superimposing  of  some 
of  the  fine  bony  network  of  the  pneumatic 
sinuses,  a  very  fair  view  of  the  region.  I 
have  tried  it  in  several  cases,  and  where 
there  is  not  too  much  hypertrophic  tissue 
in  the  nose  the  results  have  been  fairly  sat- 
isfactory. Of  course,  it  will  never  take  the 
place  of  a  good  view  through  the  mouth. 


SUMMARY 

Suboccipital  Pott's  disease  is  a  relatively 
rare  condition,  but  must  be  considered  in 
the  dift'erential  diagnosis  of  many  cases  of 
mastoiditis,  torticollis,  and  symptom-com- 
plexes indicating  pressure  on  the  bulb  or 
lower  cranial  nerves. 

It  is  more  commonly  found  in  children. 
Init  also  appears  in  adults,  even  in  those  of 
adxanced  age. 

Proper  roentgen  examination  in  all  cases 
under  suspicion  should  clear  the  diagnosis 
successfully. 

In  cases  where  it  is  impossible  to  get  a 
clean  anteroposterior  view  of  the  atlas  and 
axis  through  the  mouth,  the  transnasal 
method  should  be  tried. 
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THE  x-\-3.y  treatment  of  hyperthyroid- 
ism is  one  of  the  newer  contributions 
to  medicine.  The  rcA'iews  concerning  the 
technique  and  dosage  and  the  extent  and 
duration  of  resuhs  have  in  most  cases  not 
been  complete.  We  should  like  to  report  35 
cases  from  our  private  and  dispensary  clien- 
tele observed  from  January,  1920,  to  the 
present  time  and  on  whom  roentgen  treat- 
ment was  completed  before  February,  192 1. 

As  concerning  the  older  literature  we  will 
review  it  briefly.  We  wish  to  mention  from 
the  German  literature,  Stegmann,  1905,  Ei- 
selberg,  1909,  Rave,^  191 1,  and  Nagel- 
schmidt,  191 2;  from  the  Scandinavian  liter- 
ature, Forssell,"  19 14,  Fischer,^  19 16,  and 
recently,  Nordentoft,*  1921  ;  in  this  country 
the  earher  reports  of  William,  1902,  Mayo, 
1904,  Beck,  1905,  and  Pfahler  and  Zulick."' 
The  last  article  in  the  x\merican  literature 
is  by  Means  and  Aub,^  191 9-  whose  excellent 
work  reopened  the  .r-ray  treatment  of  the 
disease  in  this  country. 

We  prefer  to  omit  a  tabulated  abstract  of 
our  cases  and  leave  this  for  a  more  detailed 
report  to  appear  in  the  Proceedings  of  the 
Society. 

DATA  AXD  METHODS 

The  material  includes  cases  of  hyper- 
thyroidism which  came  under  the  observa- 
tion of  the  medical  service  of  the  University 
Hospital,  dispensary  and  private  practice 
during  a  period  of  approximately  twenty 
months.  No  atteinpt  at  selection  of  cases  has 
been  made.  The  series  does  not  include  cases 
admitted   to  the   surgical   service,    some   of 
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which  were  more  toxic  and  in  which  surgical 
treatment  was  immediately  resorted  to.  For 
better  interpretation  of  data  the  cases  have 
been  divided  into  three  groups. 

The  first  group  consists  of  cases  of  toxic 
goiter  with  and  without  exophthalmos  vary- 
ing from  mild  to  severe. 

The  second  group  consists  of  six  post-op- 
erative cases  of  exophthalmic  goiter,  and  is 
included  because  it  represents  those  cases  in 
which  medical  treatment  is  instituted  onlv 
because  surgical  treatment  has  already  elim- 
inated itself. 

The  third  group  includes  three  cases  of 
thyrotoxic  adenoma  which  received  .r-rav 
treatment  and  are  reported  for  whatever 
value  they  may  have.  No  attempt  was  made 
to  increase  the  number  of  this  type  of  case. 
The  individuals  in  these  series,  for  the  most 
part,  led  their  usual  lives  and  no  other  co- 
incident treatment  was  carried  on.  A  few  of 
the  cases  were  under  hospital  treatment  for 
a  few  weeks,  but  they  form  a  relatively  small 
part  of  the  series.  Most  of  the  observations 
have  been  made  at  the  office  and  the  dispens- 
ary. Estimation  of  the  activity  of  the  thyroid 
gland  has  been  based  on  the  metabolic  rate, 
clinical  signs  and  symptoms,  such  as  pulse 
rate,  character  of  the  gland,  eye  signs, 
tremor  and  nervousness.  Such  data  have 
l^een  incomplete  in  some  of  the  cases  but  in 
most  instances  have  been  sufficient  to  enable 
conclusions  to  be  drawn  as  to  the  results  of 
treatment.  The  determination  of  the  meta- 
bolic rate  has  been  attempted  in  each  case 
once  every  three  weeks  corresponding  nu- 
merically to  the  .r-ray  treatments,  and,  in  or- 
der   to    avoid    an    immediate    increase   that 
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might  follow  during  the  first  few  days,  usu- 
ally eight  to  ten  days  following  exposure.  In 
some  patients  fewer  determinations  were 
possible,  but  in  all  cases  the  last  metabolic 
rate  has  been  recorded  and  checked  from 
three  to  six  weeks  after  the  last  treatment. 
The  gasometer  method  of  determining  the 
metabolic  rate  has  been  employed.  Tis- 
sot's  spirometer  has  been  used  for  the  col- 
lection of  the  air,  and  for  its  analysis  the 
Haldane  apparatus.  Care  has  been  taken  to 
have  the  patient  in  the  post-absorptive  stage, 
that  is  twelve  to  fourteen  hours  after  food 
intake,  with  sufficient  period  of  rest  before 
each  determination. 

TECHNIQUE 

These  cases  were  all  treated  with  a  stan- 
dard dosage  at  three-week  intervals.  The  ra- 
diation consisted  of  30  milliampere-minutes 
of  ray  filtered  through  4  mm.  of  aluminum 
and  one  thickness  of  sole  leather.  The  target- 
skin  distance  was  8  in.,  and  the  voltage  was 
equal  to  an  8  in.  spark  gap  measured  be- 
tween blunt  points.  Three  portals  of  entry 
were  used,  one  over  each  lobe  of  the  thyroid 
and  one  over  the  thymus.  If  there  was  not 
marked  ^  improvement  noted  at  the  comple- 
tion of  the  fourth  treatment  the  dosage  was 
increased  to  34  milliampere-minutes.  the 
other  factors  remaining  constant.  It  is 
worthy  of  note  that  in  several  of  the  cases 
where  improvement  had  been  tardy,  a  rapid 
improvement,  both  in  the  metabolic  rate  and 
in  the  general  well-being  of  the  patient,  w^as 
coincident  with  the  increased  dosage.  This  is 
of  interest  in  that  most  of  the  European 
roentgenologists  have  insisted  on  large  doses 
at  long  intervals.  While  it  has  been  difficult 
to  interpret  their  induction  coil  and  gas  tube 
technique  in  terms  of  inter rupterless  trans- 
former and  the  Coolidge  tube,  the  constant 
reiteration  through  their  articles  that  small 
doses  stimulate  and  large  doses  inhibit  thy- 
roid activity  is  worthy  of  note.  We  further- 
more believe  that  there  is  much  less  risk  of  a 
cumulative  skin  reaction  developing  if  treat- 
ments are  given  not  oftener  than  once  in 
three  weeks. 

It  must  be  emphasized  that  the  closest  co- 
operation possible  between  the  referring 
physician  and  the  roentgen  therapist  is  nec- 
essary.  A   clear   understanding   is   essential 


as  to  which  assumes  the  responsibility  for 
the  clinical  observation  and  the  metabolic 
readings  upon  the  patient.  Otherwise  inter- 
current infections  may  be  overlooked  or 
over-treatment  may  result. 

DISCUSSION 

Group  I  consists  of  cases  of  toxic  goiter 
including  all  degrees  of  activity.  The  aver- 
age case  is  one  of  moderate  severity  as  evi- 
denced by  a  mean  metabolic  rate  of  plus  33 
per  cent.  Clinically  the  same  estimation  is 
possibly  evidenced  by  the  fact  that  most  of 
the  group  were  ambulatory  patients.  We 
have  not  attempted  to  gauge  clinical  im- 
provement between  various  treatments. 
However,  a  summation  of  clinical  results  is 
possible  following  the  series  of  treatments, 
both  as  to  the  patient's  condition  subjectively 
and  objectively.  The  pulse  rate  has  been  dim- 
inished, tremor  and  nervous  symptoms  in- 
cluding insomnia  have  been  less  marked.  As 
would  be  expected  there  has  been  no  marked 
alteration  in  the  eye  signs  and  character  of 
the  gland  except  in  Case  10  in  which  a  mark- 
edly enlarged  and  indurated  gland  disap- 
peared as  if  by  magic  with  correspondingly 
subjective  improvement.  Fall  in  heat  produc- 
tion followed  two  exposures  to  jr-ray  and  the 
indurated  character  of  the  gland  and  the  sub- 
sequent course  suggest  an  acute  thyroiditis. 

Two  cases  received  no  appreciable  bene- 
fit as  indicated  by  lack  of  clinical  improve- 
ment and  heat  production.  One  of  these, 
Case  17,  was  a  boy  of  fo-urteen  with  a  dif- 
fusely enlarged  vascular  gland  and  marked 
exophthalmos.  Operation  was  later  resorted 
to  with  subsequent  clinical  improvement  and 
fall  in  metabolic  rate  to  minus  17  per  cent. 
Four  months  later  the  basal  metabolism  had 
again  returned  to  plus  4  per  cent.  Case  18, 
a  woman  twenty-six  years  of  age,  with 
diffusely  enlarged  vascular  gland  but  no  ex- 
ophthalmos, showed  very  little  response  after 
three  treatments  and  was  later  operated.  For 
accuracy  it  should  be  stated  that  Case  2  re- 
sponded to  .^•-ray  therapy  only  after  the  re- 
moval of  badly  infected  tonsils  which  un- 
doubtedly had  some  etiological  relationship 
to  her  hyperthyroidism.  Recently  we  have 
had  an  interesting  (incomplete)  case.  A  girl 
with  symptoms  of  hyperthyroidism  without 
exophthalmos,    showed    an   increased    basal 
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rate  of  plus  65  per  cent.  This  type  of  case  has 
generally  heen  given  to  the  surgical  service, 
but  it  was  agreed  because  of  the  severity  of 
the  nervous  manifestations  to  try  rest  in  l^ed 
and  A'-rav  therapv  first.  Two  weeks  after  her 
first  ,r-ray  treatment  her  rate  had  fallen  to 
plus  25  per  cent  and  the  pulse  had  decreased 
from  120  to  90.  Subjectively  she  was  greatly 
improved  and  the  insomnia  had  disappeared. 
Three  weeks  following  her  second  treatment 
the  basal  metabolic  rate  had  dropped  to  plus 
18  per  cent.  This  case  received  from  the 
first  34  milliampere-minutes  of  radiation. 
This  case  has  not  been  completed  and  is  dis- 
cussed to  show  the  results  of  more  intensive 
therapy. 

(h'oup  2  consists  of  6  cases  which  had 
partial  th\roidectomy  but  in  whom  h_\per- 
thyroidism  was  present.  All  of  these  cases 
had  an  increased  basal  metabolism.  In  Case 
3  of  this  group  the  improvement  has  been 
sufficient  to  enable  the  patient  to  resume 
work.  In  the  other  5  cases  the  improvement 
has  not  been  as  marked  as  the  decrease  in 
metabolic  rate  from  plus  2J  per  cent  before 
to  plus  13  per  cent  after  therapy  would  in- 
dicate. The  subjective  symptoms  have 
shown  little  or  no  improvement. 


Group  3,  measured  both  clinically  and  by 
basal  metabolic  rate  showed  no  response  to 
.r-ray  therapw  conforming  quite  generally  to 
accepted  ideas  of  cases  of  toxic  adenoma. 
The  average  basal  rate  before  treatment  was 
plus  29  per  cent  and  afterwards  was  plus 
28  per  cent. 

DISCUSSION  IN  GENERAL 

\\>  wish  to  mention  a  few  cases  that  are 
incomplete  and  are  not  included  in  our  series 
of  35  cases.  A  woman  of  twenty-seven  was 
operated  recentlv  after  being  under  incom- 
plete observation  for  a  period  of  a  year.  She 
has  had  4  treatments  during  the  last  ten 
months,  usually  with  intervals  of  from  two 
to  three  months.  At  the  beginning  her  basal 
rate  was  plus  35  per  cent.  Two  months  ago. 
on  entrance  to  the  hospital,  she  had  a  rate  of 
plus  13  per  cent.  The  patient  wished  an  oper- 
ation solely  because  of  the  enlargement  of 
the  tln-roici.  Subjectivel}-  her  symptoms  had 
disappeared,  and  objectively  exophthalmos 
and  enlargement  of  the  neck  were  the  only 
remaining  signs  of  hyperthyroidism.  On 
cc^nsultation  the  surgeon  felt  that  she  might 
l)ossiblv  have  an  adenoma  in  the  region  of 
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the  isthmus,  and  thought  for  that  reason  op- 
eration was  indicated.  At  operation  she  was 
found  to  have  only  an  enlarged  goiter  of  the 
hyperplastic  type.  The  surgeon  states  that  the 
riperation  was  not  more  difficult  than  on  the 


"a.  progressivel)'  increasing  basal  rate  is  a 
contraindication  to  operation."  Another 
case,  which  left  the  hospital  against  advice 
immediately  following  the  first  A'-ray  treat- 
ment, died  two  and  a  half  weeks  later,  appar- 
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usual  untreated  thyroid.  This  is  in  direct  ac- 
cord with  Porter's  observation  in  Boston  in 
correlation  with  Means'  and  Au1)'s  work. 
Rave,  from  the  European  side,  also  states 
that  he  can  find  no  greater  difficultv  in  the 
removal  of  thyroids  which  have  lieen  sub- 
jected to  .r-ray  therapy  than  in  untreated 
cases.  To  return  to  Case  17  mentioned 
above,  which  did  not  respond  to  .r-ray  ther- 
apy, it  was  found  at  operation  that  the  gland 
was  somewhat  more  difficult  to  remove  than 
in  the  usual  case. 

One  other  case,  which  is  incomplete,  is  to 
be  mentioned.  A  young  girl,  aged  twenty,  en- 
tered the  hospital  with  a  basal  metabolic  rate 
of  plus  65  per  cent  and  was  give  a  prelimin- 
ar}-  .r-ray  treatment  and  put  to  bed.  Two 
weeks  later  her  basal  rate  was  plus  43  per 
cent  with  a  corresponding  clinical  improve- 
ment. An  acute  tonsillitis  with  peritonsillar 
abscess  developed  at  this  time  and  for  sev- 
eral weeks  .r-ray  treatment  was  discontin- 
ued. After  removal  of  the  tonsils  under  local 
anesthesia  her  l^asal  metabolism  was  found 
ti  I  be  plus  80  per  cent.  At  this  time  she  insis- 
ted on  returning  home,  and  two  weeks  later 
was  operated  upon  at  another  hospital,  dying 
during  the  operation.  This  case  is  mentioned 
because  we  felt  that  her  increasing  rate  made 
surgery  inadvisable  at  that  time.  As  is  stated 
by  Aleans  and  Aub  in  their  work  of  1919, 
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ently  from  an  acute  thyrotoxicosis.  He  en- 
tered the  hospital  markedly  febrile,  extreme- 
ly fast  pulse,  tremor  and  exophthalmos.  His 
basal  metabolic  rate  on  entrance  was  plus 
80  per  cent.  After  six  weeks'  rest  in  bed  he 
showed  no  improvement  except  for  a  fall 
in  his  basal  metabolic  rate  to  plus  54  per  cent. 
An  .r-ray  treatment  was  administered  at  this 
time  and  on  the  following  day  the  patient 
insisted  on  returning  home.  A  communica- 
tion from  his  physician  states  that  he  died 
two  and  a  half  weeks  later  from  hyperthy- 
roidism. A.ll  other  cases  have  been  checked 
and  we  now  know  the  condition  of  the  pa- 
tients in  this  series  at  this  time.  Not  one  has 
had  a  relapse. 

Improvement  as  a  rule  begins  about  two 
weeks  after  the  first  treatment ;  first  as  a 
marked  subjective  response,  later  as  an  im- 
provement in  the  objective  findings.  The 
earliest  symptoms  to  disapi)ear  are  usually 
tremor,  nervousness,  insomnia  and  subjec- 
tive cardiac  disturbances,  the  latter  even  if 
the  pulse  rate  is  not  materially  diminished. 
In  the  more  severe  cases  improvement  usu- 
ally comes  about  more  slowh-  and  is  first 
noticeable  after  the  second  and  third  treat- 
ments. 

In  all  of  the  cases,  improvement  has  con- 
tinued for  many  months  after  the  last  .t'-ray 
treatment.  This  improvement  is  at  a  time 
when  the  basal  rate  is  nearlv  normal,  the 
basal  rate  being  used  at  this  time  onlv  as  a 
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mathematical  check  upon  our  patients.  We 
have  not  attempted  at  any  time  to  get  a 
minus  rate,  thereby  removing  the  probabil- 
ity of  myxedema  occurring.  There  are  two 
cases  in  this  series  where  the  gland  has  grad- 
uallv  decreased  in  size.  Exophthalmos  has 
decreased  in  a  few,  but  in  none,  at  this  early 
date,  has  it  entirely  disappeared.  Tach}- 
cardia  has  been  usually  the  last  symptom  to 
show  improvement,  and,  as  must  be  empha- 
sized, most  patients  have  for  a  long  time  re- 
tained a  tendency  to  an  unstable  pulse  dur- 
ing periods  of  unusual  stress.  This  exper- 
ience is  in  accord  with  those  treated  surgi- 
cally ;  improvement  is  often  slow  and  is  only 
complete  after  months  or  even  years. 

It  is  known  that  in  severe  cases  of  Base- 
dow's disease  enlargement  of  the  thymus  is 
frequently  found.  Cappele  and  Bayer^  *  have 
reported  a  few  such  cases  where  the  thyroid 
was  nearly  normal  in  size,  and  where 
after  thymus  removal  symptoms  have  disap- 
peared. Nordentoft  reports  numerous  cases 
where  only  after  radiation  of  the  thymus  as 
well  as  the  thyroid  was  improvement  noted. 
Also  he  reports  a  few  cases  where  radiation 
over  the  thymus  alone  gave  marked  im- 
provement but  not  a  complete  cure.  This 
may  account  for  some  of  the  early  failures 
in  the  .t'-ray  treatment  of  this  disease,  as 
formerly  most  roentgen  therapists  did  not 
include  the  thymus  in  the  area  treated.  The 
routine  inclusion  of  the  thymus  may  account 
in  some  degree  at  least  for  the  better  and 
more  lasting  results  obtained  today. 

SUMMARY 

I.  Of  27  cases  of  Graves'  disease  without 
complications,  who  were  subjected  to  .r-ra}' 
treatment,  but  were  not  operated,  24  are 
well,  both  from  the  clinical  and  laboratory 
standpoint.  The  treatment  has  been  complete 
for  nearly  eight  months.  The  remaining  3 
cases  came  to  operation.  Of  these  three,  one, 
we  feel,  was  definitely  improved  before  oper- 


ation, the  other  2  were  normal  a  few  months 
after  operation.  Of  6  cases  of  post-operative 
hyperthyroidism,  which  had  relapsed,  one 
showed  a  definite  cure.  The  other  5  showed 
no  improvement.  Of  3  cases  of  thyrotoxic 
adenoma  none  showed  any  response  to  .i"-ray 
therapy. 

2.  The  only  case  of  our  series  which  was 
operated  during  an  increasing  basal  meta- 
bolic rate  died  an  operative  death. 

3.  We  feel  that  the  results  obtained  in  the 
earlier  cases  might  have  been  attained  more 
quickly  if  more  intensive  therapy  had  been 
used. 

4.  No  bad  results  or  complications,  which 
we  could  attribute  to  the  treatment,  have  oc- 
curred in  any  of  our  series. 

5.  From  our  experience  with  this  treat- 
ment we  are  firmly  convinced  that,  only  with 
the  closest  possible  cooperation  between  the 
clinician  and  roentgen  therapist,  can  satis- 
factorv  results  be  obtained. 
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REPORT  OF  TWO  INTERESTING  CASES  OF  GENITO 
URINARY  PATHOLOGY 

Bv  L.  B.  GROESCHEL,  xAI.D. 

Roentgenologist  to  the  New  York  Diagnostic  Clinics 

NEW    YORK    CITY 


THE  two  cases  reported  below  are  in- 
teresting  from  the  standpoint  of  the 
roentgen-ray  findings. 

Both  cases  were  sent  to  the  New  York 
Diagnostic  CHnics  for  diagnosis,  and  the 
conditions  found  upon  roentgenographic  ex- 
amination are  as  shown  in  the  ilkistrations 
accompanying  this  article. 

CASE  I 

Chief  Com  plaint.  Swelling  in  the  left  tes- 
ticle, penis,  back  and  leg  for  several  years. 

Family  History.  Father  died  of  apoplexy 
at  the  age  of  fifty-five.  Mother  is  alive  and 
well  at  fifty-nine.  One  sister  died  at  nineteen 
from  childbirth.  There  are  two  sisters  alive 
and  well. 

Past  History.  Diphtheria  at  ten,  W'hoop- 
ing  cough  at  eight.  The  patient  had  bladder 
operated  at  the  age  of  twelve,  and  two 
stones  were  removed.  He  was  sick  in  bed 
four  weeks  at  this  time.  No  gonorrhea  or 
lues. 

Habits.  Appetite,  fair;  bowels,  regular; 
sleeps  well.  Weight;  patient  lost  17  pounds 
in  about  eight  months.  Urination :no  mic- 
turia;  voids  about  four  or  five  times  during 
the  day;  no  pain.  Smokes  twenty  cigarette.^ 
per  day. 

Present  Illness.  Patient  was  in  good  health 
except  for  a  few  mild  colds  until  191 2  when, 
during  the  summer,  he  developed  a  swelling 
in  the  left  testicle.  This  came  without  any 
apparent  cause,  no  injury  nor  violent  exer- 
cise nor  infection.  The  swelling  gradually  in- 
creased and  the  pain  extended  down  the 
left  leg.  The  patient  was  confined  to  bed 
for  one  week.  He  made  a  perfect  recovery. 
There  was  no  urethral  discharge.  In  July, 
1 91 6,  he  had  a  second  attack  which  also 
lasted  one  week  but  disappeared  completely 
under  local  application.  In  May,  1920,  the 
patient  had  a  third  attack  in  the  left  testicle 
and  the  swelling  still  continues.  The  pain  is 
still  present  but  is  not  so  severe.  The  organ 


appears  very  hot  and  very  sensitive  to  the 
touch. 

One  month  after  the  la.st  attack  the  right 
testicle  became  similarly  involved  and  has 
remained  about  one  and  one  half  times  the 
original  size.  About  one  month  ago  the  pain 
extended  down  the  left  leg,  across  the  hip 
and  into  the  groin.  The  patient  feels  better 
when  at  rest. 


Fig.  I.  Case  i.  Calcuhis  in  right  nrcicr. 

On  October  12,  1920,  the  patient  was  op- 
erated in  St.  James  Hospital,  Newark,  and 
the  vein  was  removed  from  left  testicle.  He 
was  in  the  hospital  two  weeks  and  home 
four  weeks,  feeling  (juite  well  until  he  suf- 
fered another  attack  of  severe  pain  about 
five  weeks  after  his  operation.  Two  months 
later  he  had  another  severe  attack  and  for 
the  first  time  had  a  thick,  white,  slimy  dis- 
charge from  the  penis.  He  became  very  weak 
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and  was  in  bed  ten  days.  He  then  went  to 
anotiier  physician  and  was  told  he  might 
haye  a  stone  in  the  kidney. 

Two  weeks  ago,  while  working  in  the  of- 
fice, he  had  another  attack  of  seyere  pain  in 
the  left  testicle,  going  up  to  the  hip  and 
down  the  leg  to  the  knee  and  up  to  the  lower 


2.  Case  I.  Rinln  kidiav. 


part  of  the  back.  This  attack  vyas  so  seyere 
that  it  doubled  him  up  "in  a  knot"  and  lasted 
four  hours.  The  pain  and  intense  soreness 
in  the  testicle  are  still  present.  The  urine  was 
examijied  and  found  to  contain  much  pus. 
The  patient  was  neyer  roentgenographed 
and  had  no  blood  in  the  urine.  (History 
taken  January  28,  1921. ) 

Genito-Urinary  Examination.  Both  epi- 
didymes  are  enlarged  and  tender.  The  en- 
largement is  confined  mainly  to  the  body  and 
globus  minor.  It  is  nodular  to  the  touch.  The 
cord  on  the  left  side  is  somewhat  thickened, 
probably  due  to  the  recent  operation. 

On  rectal  examination  the  prostate  is 
found  to  be  indurated  and  slightly  enlarged. 
On  the  left  lobe  there  is  a  well-marked  de- 
pression showing  preyious  suppuration  with 
subsequent  cicatrization. 

On  abdominal  palpation  there  is  found  to 
be  some  rigidity  of  the  right  rectus.  Deep 
palpation  elicits  questionable  tenderness  oyer 
the  right  kidney  and  ureter  down  to  the  blad- 
der. 

Cystoscopy.  The  trigone  is  congested. 
The  left  ureter  appears  normal  and  admits 
a  catheter  to  the  renal  pelyis.  The  right  ure- 
ter shows  a  thickening,  redness  and  edema. 
Thick  pus  is  seen  coming  out  in  frequent 
squirts.  The  bladder  wall  oyer  the  right  ure- 


ter is  eleyated,  forming  a  definite  mound- 
like bulging  formation,  which  appearance  in- 
dicates a  stone  in  the  intrayesical  portion  of 
the  ureter.  The  catheter  could  not  be  passed 
into  the  right  ureter. 

The  urinalysis  showed  a  heayy  trace  of 
alljumin  and  pus.   The  urine   from  the  left 


Fig.  3.  Case  11. 


kidney  after  ureteral  catheterization  was 
negatiye  for  tubercle  bacilli.  There  were  pus 
and  red  blood  cells  present.  The  phenol- 
phthalein  showed  55  per  cent  excretion  at 
the  end  of  one  hour.  The  right  ureter  could 
not  be  catheterized.  The  Wasserman  and  G. 
C.  were  both  negatiye. 

X-Ray  Findings.  The  right  kidney  is  infil- 
trated with  large,  calcareous  deposits,  both 
in  the  pelyis  and  the  parenchyma  resembling 
a  thorium  injection.  In  the  right  ureter  ex- 
tending from  the  yesical  junction  to  about 
the  middle  of  the  sacro-iliac  articulation 
there  is  a  large  calculus  resembling  a  cast. 
This  is  extraordinary  in  size,  fully  5  inches 
long  and  i  inch  wide  at  its  thickest  portion. 

Roentgenogram  of  the  Teeth.  The  roent- 
gen-ray  examination  of  the  teeth  at  that 
time  showed  a  number  of  retained,  infected 
roots  and  seyeral  abscesses  present.  Whether 
this  was  the  original  focus  of  infection  it 
is  impossible  to  say. 


Cecum  and  Ascending  Colon  and  their  Roentgen-Ray  Diagnosis 
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CASE   II. 

Chief  Coiiiplaint.  Burning  sensation  when 
urinating. 

Family  History.  No  kidney  trouble. 

Past  History.  Irrelevant. 

Present  Illness.  Four  weeks  ago  patient 
was  operated  on  for  right  inguinal  hernia 
and  while  recovering  he  began  to  have  burn- 
ing on  completion  of  urination.  At  times  he 
has  had  a  stoppage  of  urine  during  the  act. 
For  a  short  time  after  the  operation  he  had 
blood  in  the  urine.  He  feels  burning  in  the 


perineum  but  not  at  the  head  of  the  penis. 
When  standing,  the  patient  has  to  urinate 
every  fifteen  minutes,  also  from  two  to  four 
times  at  night. 

Cystoscopic  Examination.  The  cysto- 
scopic  examination  shows  several  inches  of 
catheter  curled  up  in  the  bladder  and  in- 
crusted  with  urinary  salts. 

Urinalysis.  The  urine  is  very  cloudy  and 
contains  much  pus,  albumin  and  many 
shreds. 

Roentgen  Findings.  Coiled  catheter  in  the 
vesical  bladder. 


DEVELOPMENTAL  RESTS  IN  CECUM  AND  ASCENDING 
COLON  AND  THEIR  ROENTGEN-RAY  DIAGNOSIS* 

By  R.  a.  PAYxXE,  M.D.  and  F.  C.  TRAHAR 

POKTLAND,  OREGON 


IN  presenting  this  subject  for  Mr.  Trahar 
and  myself  we  wish  it  understood  that 
we  are  not  in  any  way  claiming  credit  for 
anything  new  in  medicine,  but  rather  are 
emphasizing  the  importance  of  roentgen-ray 
methods  in  the  diagnosis  of  conditions  al- 
ready well  known  to  anatomists  and  sur- 
geons. 

The  literature  of  medicine  supplies  abun- 
dant discussion  of  anomalies  in  the  position 
of  the  cecum  and  ascending  colon,  but  so 
far  our  search  has  not  been  rewarded  by  the 
discovery  of  any  comprehensive  discussion 
of  roentgen-ray  diagnosis  of  these  condi- 
tions. Practically  all  reports  are  drawn  from 
the  autopsy  and  surgical  reports. 

As  we  say,  the  literature  on  the  subject  is 
voluminous.  Not  so  much  does  that  apply  di- 
rectly to  the  subject  under  discussion  but 
rather  as  a  side  issue  on  that  battle-ground 
of  the  learned  surgeons  for  the  past  fifteen 
years,  namely,  the  presence,  the  source,  and 
the  importance  of  the  various  bands  found 
especially  profusely  in  relation  to  the  bowel 
in  the  right  quadrant  of  the  abdomen. 

The  subject  was  opened  or  reopened  by 
the  work  of  Lane.  Soon  a  surgeon  who  had 
no  particular  type  of  intestinal  band  named 
after  him  could  scarcely  consider  himself 
among  the  elect.  The  humor  of  the  situation 
lies  in  the  fact  that  this  ground  had  all  been 


covered  by  the  anatomists  long  before  and 
the  bands  described,  the  majority  of  them  al- 
ready bearing  the  names  of  the  anatomists 
who  did  the  work. 

A  very  interesting  and  complete  summary 
of  the  historical  side  of  this  subject  is  con- 
tained in  an  article  by  Samuel  Clarke  Har- 
vey, entitled  "Congenital  Variations  in  the 
Peritoneal  Relations  of  the  Ascending  Colon, 
Cecum.  Appendix,  and  of  the  Terminal  Il- 
eum."^ 

It  is  not  necessary,  however,  to  go  deeper 
into  this  phase  of  the  subject  as  our  primary 
interest  in  roentgen-ray  diagnosis  must  be 
with  posture  and  relationships,  rather  than 
with  the  type  of  supports.  We  can  do  no 
better  in  the  discussion  of  the  subject  than  to 
accept  the  classification  of  Harvey,  adapted 
from  Councils,  in  the  changes  of  the  cecum 
and  colon  in  fetal  life.  Four  main  sub-div- 
isions are  made,  namely:  Migration,  Rota- 
tion, Descent,  and  Fixation.  Abnormalities 
in  any  of  these  developmental  changes  are 
described  under  the  headings  of  ( i )  Defi- 
cient, or  (2)  Excessive. 

It  will  be  well  at  the  outset,  to  review  the 
embryological  development  of  the  parts  in 
question.  The  works  of  Mall,^  and  later  of 
Huntington,"  on  the  anatomy  of  the  perito- 
neum and  abdominal  organs,  are  standard, 
and  we  can  do  no  better  than  to  turn  to  an 


Note.  The  designation,  "immediate  and  twelve  hour  plates,"  refers  to  the  practice  in  our  laboratory  of  e.\amining  the 
patient  lirbt  with  a  meal  taken  the  nijrlit  before,  giving  a  study  of  motility  and  filling  of  the  terminal  ileum  and  cecum. 
This  is  usually  followed  by  study  of  stomach  filling.  Koentgenograms  taken  at  this  time  are  deisiguated  as  immediate 
and  twelve  hour  plates. 

*Read  at  the  Twenty-Second  Annual  Meetine  of  The  American   Roentgkn    Kay   Society.   Washington.  D.C..   Sept.  27-^0.  1021. 
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Fig.    I.   The   series   of   schematic   figures   illustrating 
stages  in  rotation  of  the  intestinal  canal. 

illustration  from  the  latter,  for  our  sum- 
mary. 

In  Figure  i  A,  we  take  up  the  position  of 
the  stomach  and  intestines  at  approximately 
the  fifth  week  of  fetal  life.  The  primitive 
gut  here  lies  in  the  midline,  is  attached  to  the 
umbilicus,  and  the  cecum  is  beginning  to 
show  as  a  bud  on  the  caudal  portion  of  the 
gut.  Two  factors  are  prominent  in  later 
changes ;  first,  the  relative  rapidity  of  the 
growth  of  the  different  parts  of  the  gut,  and 
second, M'lQ  relative  size  of  the  other  organs, 
particularly  the   liver,   to  the  body  cavity. 

As  the  liver  at  this  stage  rapidly  increases 
in  size,  the  bowel  is  pushed  out  of  the  coelom 
into  the  umbilicus.  Here  the  rapidly  grow- 
ing small  gut  begins  the  forming  of  the 
primitive  folds,  while  the  large  bowel  is 
draped  over  it,  in  something  approximating 
the  later  position.  Next  the  relative  increase 
in  size  of  the  body  cavity  permits  the  return 
of  the  gut.  The  small  intestine  is  the  first  to 
return,  and  the  large  bowel  follows,  taking 
up  the  position  shown  in  Figure  i  B,  still 
later  being  pushed  by  the  coils  of  small  in- 
testine into  the  upper  right  cjuadrant,  Fig- 
ures I  C  and  D.  Attention  should  be  drawn 
to  the  fact  that  at  this  stage,  the  small  in- 
testine is  entering  from  the  right  and  above. 

Rotation.  The  migration  of  the  gut  is  now 
practically  at  an  end.  Figures  i  F  and  G  il- 
lustrate the  next  change,  that  of  rotation  re- 
sulting in  the  entrance  of  the  small  bowel  on 
the  inner  side,  or  from  the  left  and  below. 

Descent  and  Fusion.  The  real  growth  of 
the  cecum  begins  at  this  stage,  and  in  the 
latter   months   of    fetal   life,    and   the   first 


month  after  birth,  the  growth  of  the  organ 
carries  it  and  the  ileocecal  valve  into  the 
right  lower  c^uadrant,  and  the  fusion  of  the 
various  mesenteries  results  in  its  final  pos- 
ture, Figures  i  H  and  I. 

It  is  well  to  note  at  this  time  that  the  de- 
scent and  fusion  are  relatively  late  stages  in 
the  development  cycle.  Studies  in  compara- 
tive anatomy  would  indicate  that  fusion  is 
doubtless  a  result  of  the  assumption  of  the 
erect  posture  b}^  mankind,  and  it  is  just  to 
suppose  that  on  the  success  of  these  last  two 
processes,  will  depend  to  a  considerable 
extent  the  ability  of  the  bowel  to  function 
properly. 

We  are  therefore,  in  Figure  2,  calling  at- 
tention to  the  normal  fixed  points  in  the 
bowel.  The  illustration  is  taken  from  Gray's 
"Anatomy."*  Sections  of  the  bowel  retro- 
peritoneal, or  closely  attached  normally  to 
the  abdominal  wall,  are  left,  while  those  on 
a  free  mesentery  are  removed.  The  cecum 
and  ascending  colon  are  closely  adherent  to 
the  wall. 


Fig.    2.    Diagram    illustrating    position    of    normally 
fixed  points  of  the  bowel. 
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Normal  Descent  and  Fusion.  Figures  3  A 
and  B  are  respectively  the  immediate  and 
twelve  hour  plate,  and  the  barium  enema 
plate  of  what  we  consider  to  be  a  normal 
sthenic  type  in  regard  to  descent  and  fusion 
of  the  cecum.  We  should  state  here  that  in 


Fig.  3.  A.  Immediate  and  twelve  hour  rocni^cno- 
gram  illustrating  normal  descent  and  fusion  of 
cecum  in  a  sthenic  patient.  (Plate  taken  in  erect 
position.)  B.  Barium  enema  of  the  same  patient 
as  shown  in  Fig.  2>  A ;  normal  motility  of  cecum. 
(Plate  taken  in  prone  position.) 


of  movement  is  such  that  we  would  judge 
the  supporting  mesentery  to  be  short. 

Familiar  Type,  Excessive  Descent  of  Ce- 
cum. In  Figures  5  and  6,  attention  is  called 
to  the  similarity  in  general  conformation 
and  especially  in  cecal  descent  in  a  young 


Fig.  4.  A.  Twelve  hour  roentgenogram  illustrating 
normal  descent  fusion  of  cecum  in  asthenic  type. 
(Plate  taken  in  erect  position.)  B.  Barium  enema 
of  same  patient  as  shown  in  Fig.  3  A,  illustrating 
normal  motility  of  cecum.  (Plate  taken  in  prone 
position.) 


this  series  of  illustrations  all  immediate  and 
twelve  hour  plates  are  taken  standing,  and 
the  enema  plates  in  a  prone  position,  unless 
otherwise  stated.  We  therefore  are  able  in 
each  case  to  judge  the  motility  of  the  parts 
under  the  changed  position.  Figures  4  A 
and  B  are  of  a  marked  asthenic  type  of 
patient.  The  stomach  lies  in  the  true  pelvis. 
In  both  of  the  above  patients,  the  cecum  ap- 
pears to  be  normal  in  length,  and  the  amount 


woman  (Figure  5)  and  her  mother,  Figure 
6.  In  the  two  cases  there  is  an  almost  identi- 
cal excessive  descent  of  the  cecum.  The 
enema  in  the  mother's  case,  Figure  6  B, 
shows  moderate  motility. 

Excessive  descent  of  the  cecum  is  almost 
as  common  in  the  sthenic  type  as  in  the  as- 
thenic. This  is  particularly  true  in  women. 
Figure  7  is  an  example  of  such  a  case.  The 
stomach  and  bowel  are  in  good  position  and 


Fig.  5.  Immediate  and 
twelve  hour  roentgeno- 
gram showing  excessive 
descent  of  cecum  in 
young  woman  of  as- 
thenic type.  (Plate 
taken  in  erect  posi- 
tion.) 


Fig.  6.  A.  Immediate  and  twelve  hour  roentgenogram 
of  mother  of  patient  shown  in  Fig.  5,  illustrating 
similar  types  in  members  of  same  family.  (Plate 
taken  in  erect  position.)  B.  Enema  plate  of  patient 
shown  in  Fig.  6  A,  showing  moderate  dearee  of 
motility  of  cecum.  (Plate  taken  in  prone  position.) 


Fig.  7.  Immediate  and 
twelve  hour  roentgeno- 
gram illustrating  ex- 
cessive descent  of  ce- 
cum in  patient  of  other- 
wise sthenic  habitus. 
(Plate  taken  in  erect 
position.) 
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Fig.  S.  a.  Immediate  and  twelve  hour  roentgenogram 
of  sthenic  type  showing  abnormal  motility  of 
cecum.  (Plate  taken  in  erect  position.)  B.  Enema 
plate  of  patient  shown  in  Fig.  8  A,  showing  ab- 
normal motility  of  cecum.  (Plate  taken  in  prone 
position.) 


Fig.  g.  A.  Immediate  and  twelve  hour  roentgenogram 
of  a  sthenic  patient  showing  abnormal  motilit}^  of 
cecum.  (Plate  taken  in  erect  position.)  B.  Enema 
plate  of  a  sthenic  patient  shown  in  Fig.  g  A,  show- 
ing abnormal  motility  of  cecum.  (Plate  taken  in 
prone  position.) 


Fig.  id.  A.  Immediate  and  twelve  hour  roentgenogram 
showing  moderate  motility  of  cecum  and  extreme 
motility  of  hepatic  angle  of  colon  in  a  moderately 
asthenic  patient.  (Plate  taken  in  erect  position.)  B. 
Enema  plate  of  same  patient  showing  extreme  mo- 
tility of  hepatic  angle.  (Plate  taken  in  prone  posi- 
tion. ) 


Fig.  II.  A.  Immediate  and  twelve  hour  roentgenogram 
showing  moderate  motility  of  cecum  and  extreme 
motility  of  hepatic  angle  of  colon  in  an  asthenic 
patient.  (Plate  taken  in  erect  position.)  B.  Enema 
plate  of  same  patient  showing  extreme  motility  of 
hepatic  angle.  (Plate  taken  in  prone  position.) 

the  tone  is  good,  while  the  cecum  extends  to 
the  true  pelvis.  Our  experience  would  in- 
dicate that  such  a  cecum  predisposes  to  im- 
perfect bowel  function. 

Abnoruial  Motility  of  Cecum  and  Hepatic 
.  iuglc  of  Colon.  The  roentgen-ray  evidence 
of  deficiency  in  fusion  must  be  in  terms  of 
motility  of  the  parts.  Figure  8  A  is  the  im- 
mediate and  twelve  hour  plate  of  a  sthenic 
patient.   Comparison  with  the  enema  plate. 
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Fig.  12.  Adult  human  subject  with  non-rotating  ce- 
cum, the  ileum  entering  the  large  intestine  from  the 
right  and  behind,  and  the  appendix  placed  to  the 
right  of  the  ascending  colon.  (From  a  fresh  dis- 
section.) (Htmtington's  Anatomy  of  the  Periton- 
eum  and   Abdomen.) 

A,  Liver.  B,  Ascending  colon.  C,  Appendix  ad- 
herent to  lateral  aspect  of  ascending  colon  and  to 
ileac  parietal  peritoneum.  T) ,  Great  omentum.  E 
Terminal   ileimi. 
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Fig.  13.  Strangulation  and  resulting  gangrene  of  ce- 
cum in  portion  of  small  intestine  due  to  torsion  at 
hepatic  angle  of  poorly  fused  cecum ;  drawing 
from  specimen  removed  at  operation.   (Coffey.) 


I'll,.  14.  .1.  Diagram  showing  direction  and  shelf  of 
normal  ascending  colon.  (Coffey.)  B.  Diagram 
showing  mobile  cecum  seen  where  fusion  is  not 
complete,  also  its  effect  in  displacing  the  right  kid- 
ney to  which  it  is  attached.   (Coffey) 


Figure  8  B,  shows  a  mobihty  of  nearh-  five 
inches  in  a  part  that  normally  is  on  a  very 
short  mesentery.  In  Figures  9  A  and  B,  we 
have  a  similar  condition  in  an  asthenic  type 
of  patient.  We  call  }our  attention  to  the  rela- 
tive positions  of  the  hepatic  angles  in  each 
of  these  cases. 

Fixed  Cecum  and  Mobile  Hepatic  Angle. 
Figures  10  A  and  B;  Figures  11  A  and 
B  are  cases  where  the  cecum  is  normal 
in  mobility  and  the  hepatic  angle  varies 
greatly  in  position.  Here  we  must  ask  our- 
selves if  the  relative  fixation  of  the  cecum 
is  a  normal  fusion,  or  due  to  secondary 
mechanical  factors,  such  as  bands.  Evidence 
of  such  must  be  sought  for. 

Resultant  Pathology.  At  this  point  it  will 
be  well  to  consider  if  these  factors  are  or 
are  not,  within  normal  limits.  We  must  do 
this  not  only  on  the  basis  of  the  mechanical, 
but  also  the  functional  results  of  variations 
in  descent  and  fusion  of  the  colon.  Figure 
12  is  from  Huntington's  "Anatomy  of  tht 
Peritoneum  and  Abdomen."  He  describes 
this  as  a  non-rotated  cecum  with  appendix 
adherent  and  to  the  right.  To  us  this  appears 


rather  as  a  deficiency  in  fusion  of  the  cecum 
with  bands  and  retrocecal  appendix.  The 
mechanical  patholog}'  latent  in  such  a  con- 
dition is  evidenced  in  Figure  13,  from  a 
drawing  of  the  specimen,  removed  at  an  op- 
eration some  years  ago  h\  Dr.  Coffey.  Here 
there  has  been  an  almost  complete  rotation 
of  a  poorly  fused  cecum  with  resultant 
blocking  at  the  point  of  torsion  and  a 
gangrenous  condition  in  the  cecum  and  small 
bowel. 

Figures  14  A  and  B,  from  Coffey's 
paper,^  demonstrate  the  condition  of  unbal- 
ance resulting  from  excessive  descent  and 
non-fusion  of  the  cecum.  Spinal  curves  de- 
veloped at  the  assumption  of  the  erect  pos- 
ture give  us  the  shelf  on  which  the  major- 
ity of  the  weight  of  the  kidney  and  cecum 
is  carried.  With  excessive  descent  or  mo- 
tility a  condition  of  unbalance  and  of  drag 
on  attachments  obtains. 

Normally  the  mesentery  at  the  hepatic 
angle  extends  well  up  and  across  the  lower 
pole  of  the  right  kidney  as  shown  in 
Figure  15  A.  Figure  15  B  shows  the  re- 
lationship   in    imperfect    fusion.     (Figures 
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Fig.  15.  A.  DiaKi'am  showing  normal  posilion  of  an  ascending  colon  across  lower  pole  of  right  kidney. 
B.  Diagram  showing  position  of  mesentery  of  ascending  colon  when  i-otation  and  fusion  have  Iieen  in- 
complete (cecum  mobile)  ;  Goldthwait. 


taken     from    an    article    by    Dr.    Joel    E. 
Goldthwait.)    Figitre    16    is   taken    from    a 


Fig.  16.  Unfused  cecum  and  ascending  colon  (cecum 
molnle,  extreme  case)  ;  Cofifey. 


drawing  illustrating  the  band  which  develops 
between  the  kidney  and  the  hepatic  angle  in 
connection  with  this  deficient  fusion.  The  re- 
lation between  this  unbalanced  pull  of  the 
above  type  of  cecum  and  a  ptotic  right  kid- 
ne}'  is  now  generally  recognized. 

We  have  purposely  avoided  the  discus- 
sion of  methods  of  fusion  and  of  band  for- 
mation. It  seems  logical  to  us,  however,  that 
whether  bands  result  from  irritational  agents 
passing  through  the  bowel  wall  or  from  fetal 
remnants,  the  presence  of  imperfect  fusion 
and  descent  will  increase  functional  difficul- 
ties in  bowel  clearing,  and  add  to  the  oppor- 
tunity of  band  formation  or,  in  case  of  bands 
already  present,  will  immeasurably  add  to 
their  effectiveness  as  mischief  makers.  Fig- 
ures 17  A  and  B  illustrate  well-known  types 
of  bands. 

Ahnonnalitics  in  Appendix.  The  develop- 
ment of  the  appendix  is  well  under  way 
when  the  cecal  bud  begins  its  descent.  Fig- 
ure 18  from  Huntington  shows  abnormali- 
ties in  the  position  and  attachments  of  the 
appendix.  Figure  19  from  an  article  by 
Jackson,  gives  the  relative  position  of  the 
various  types  of  retrocecal  appendix  in  cross 
section. 
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Fig.  17.  Illustrates  well-known  types  of  bands  which  sometimes  accompany  molnlc  cecum.  (Coffey.) 


Bland-Sutton  in  an  article  on  "Alisplaced 
and  Missing  Organs,'"^  says: 

"In  many  cases  in  which  the  appendix 
lies  vertically  behind  the  cecum,  its  tip  is 
firmly  fixed  near  the  liver;  thus  it  happens 
if  the  tip  of  the  fetal  appendix  is  anchored 
it  cannot  descend  with  the  cecum  into  the 
iliac  fossa,  Init  the  descending  cecum  grad- 
ually lengthens  the  appendix.  This  will  ex- 
plain the  fact  that  a  retrocecal  appendix  is 
often  abnormally  straight  and  lacks  a  mes- 
entery. Occasionally  I  have  found  the  tip 
of  a  retrocecal  appendix  so  firmly  fixed  to 
the  peritoneum  in  the  loin,  that  the  cecum, 
though  it  has  descended  into  the  iliac  fossa, 
has  ha:d  its  blind  end  turned  upwards  toward 
the  liver.  In  such  a  case  the  cecum  is  sus- 
pended by  the  appendix." 

We  have  all  observed  such  cases  in  roent- 
gen-ray  examinations,  but  perhaps  the  full 
meaning  of  the  finding  has  not  been  brought 
home  to  us. 

Non-Descended  Cecum.  Non-descended 
cecum  is  a  condition  well  recognized  in  lit- 
erature. In  an  article  on  "Persistent  Develop- 
mental Anomalies  of  the  Large  Intestine 
with  Especial  Reference  to  the  Ascending 
Colon  and  Cecum, "^  Royale  H.  Fowler  re- 
ports 4  such  cases  and  summarizes  19  other 
cases  recorded  in  modern  literature.  So  far 
as  we  could  determine  none  of  these  was 
diagnosed  by  roentgen-ray  examination,  all 


P'lG.  18.  Diagram  showing  abnormalities  in  position 
and  location  of  appendix. (Huntington's  "Anatomy 
of  Peritoneum  and  Abdomen.") 
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Fig.  ig.  Diagram  showing  relative  position  of  the 
various  types  of  retrocecal  appendix  in  cross-sec- 
tion. (Jackson.) 

being  either  surgical  or  autopsy  reports.  In 
Figure  20  from  Hertwig,  we  again  call  your 
attention  to  the  stage  in  embryological  devel- 
opment' represented  in  this  abnormality.  Fig- 
ures 21  A  and  B  give  us  the  roentgen-ray 
findings  of  such  a  condition.  The  position  of 
the  tip  of  the  cecum  under  the  liver  is  chai"- 
acteristic.  In  the  enema  plate  the  position  of 
the  appendix  is  well  shown  and  a  loop  of  il- 
eum beside  it  would  indicate  that  the  ileum 
was  entering  from 
r  above     and     to     the 

right,  therefore  the 
cecum  is  probably 
non-rotated.  Figures 
22  A  and  B  show  the 
same  condition  in  an- 
other patient.  This 
latter  case  went  to 
operation  with  the 
following  surgical 
report:  Case  9877. 
Operated  by  Dr. 
Coffey,  April  20th, 
1 91 8.  Operative  find- 
ings;  Unrotated  ce- 

T-.            ,,.      ,.         .  cum     and    ascending 

Fig.  20.  Migration  or  ,          ^,                    j.^ 

the  cecum.  (Hert-  colon.  The  appendix 

wig.)  and  end  of  the  cecum 


Fig.  21.  A.  Immediate  and  twelve  hour  roentgenogram 
showing  non-fused  undescended  cecum  attached 
under  the  li\cr  liy  appendix.  B.  Enema  plate  of 
same  patient  taken  in  prone  position;  position  of 
appendix  outlined. 

were  well  up  under  the  right  lobe  of  the 
liver.  The  cecum  had  not  rotated  so  that  the 
ileum  entered  from  the  right  side  and  its 
mesentery  was  fused  with  the  posterior 
parietal  peritoneum,  making  a  firm  fixation. 
The  lower  portion  of  the  ascending  colon 
fell  down  towards  the  pelvis  in  the  form  of 
a  loop;  the  upper  portion  of  the  ascending 
colon  was  drawn  to  the  liver  beside  the  ap- 
pendix by  a  strong  band  at  one  place.  The 
first  part  of  the  transverse  coloii  had  fallen 
down  and  adhered  to  the  ascending  colon, 
making  a  web. 

Figure  2^,  from  Huntington,  illustrates 
very  well  the  essential  pathology  of  the 
above  two  cases. 

Deficient  Migration,  Non-Fused,  Non-Ro- 
tated. Apparently  in  these  cases  the  descent 
of  the  cecum  is  usually  normal  or  excessive. 
Figure  24  shows  a  characteristic  appearance 
of  the  condition  with  the  cecum  hanging  on 
the  left  from  the  splenic  angle,  the  loops  of 


Fig.  22.  Non-rotated  cecum  and  ascending  colon  fu- 
sion by  means  of  banding  of  ileum,  and  of  llrst 
portion  of  transverse  colon.  (Characteristic  loop 
formation.) 
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Fig.  2^.  Adult  human  subject  with  non-ro*ated  ce- 
cum. The  terminal  ileum  turns  caudat  from  right 
to  left  to  enter  ileum.  (Huntington's  "Anatomy  of 
Peritoneum  and  Abdomen.") 

./.  Li\cr.  B.  Terminal  ileum.  C,  Great  omentum. 


ileum  lying  to  the  right  and  the  ileocecal 
valve  on  the  right.  This  first  case  was  unique 
in  that  in  addition  to  the  usual  constipation 
and  toxemia,  he  presented  a  history  of  noc- 
turnal epilepsy. 

In  the  second  case,  Figure  25  A  shows  the 
immediate  and  twelve  hour  plate,  Figure  25 
B  the  barium  enema  erect  and  Figure  25  C 
the  barium  enema  in  the  prone  position. 
Again  the  ileum  appears  on  the  right  and 
the  free  swing  of  the  non-fused  cecum  is 
evidenced. 

The  third  case  in  the  series  was  complica- 
ted by  the  presence  of  a  stomach  ulcer;  Fig- 
ure 26  A  is  from  the  immediate  and  twelve 
hour  plate ;  Figure  26  B  from  a  similar  plate 
on  re-examination ;  Figure  26  C  from  the 
six  hour  and  Figure  26  D  from  the  barium 
enema  plate.  The  relative  position  of  the  ce- 
cum and  ileum  is  particularly  well  shown  in 
the  last  plate.  Case  523.  Operative  findings 


Fig.  24.  Immediate  and 
twelve  hour  roentgeno- 
g  r  a  m  showing  non- 
fused,  non-rotated  ce- 
cum with  deficient  mi- 
gration. 


Fig.  25.  A.  Immediate  and  twelve  hour  roentgenogram  showing  second  case 
of  non-fused,  non-rotated  cecum,  with  deficient  migration.  B.  Enema 
plate  of  same  patient  taken  in  erect  position.  C.  Enema  plate  of  same 
patient  taken  in  prone  position. 


Flg.  26..  i.  Immcdialc  and  twelve  hour  roentgenogram  >howing  iliird  ca>c  of  non- fused,  non-rotated 
cecum  with  deficient  migration.  (Plate  taken  with  patient  in  erect  position.)  B.  Immediate  and  twelve 
hotir  plate  of  same  patient  on  re-examination.  (Plate  taken  in  erect  position.)  C.  Six  hour  roentgeno- 
gram  of  same  patient.   D.   Barium   enema  plate  of  same  patient.   (Plate  taken  in  prone  position.) 
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Fig.  27.  A.  Immediate  and  twelve  hour  roentgenogram 
of  fourth  case  of  non-fused,  non-rotated  cecum 
with  deficient  migration.  (Plate  taken  with  patient 
in  erect  position.)  B.  Barium  enema  plate  of  same 
case.   (Plate  taken  in  prone  position.) 

by  Dr.  Coffey,  January  19th,  1918:  Deep 
penetrating  ulcer  high  up  on  lesser  curva- 
ture; a  thickening  and  spasm  of  the  last  two 
inches  of  the  stomach ;  complete  mobility  of 
the  cecum,  ascending  and  transverse  colon ; 
the  third  portion  of  the  duodenum  had 
a  mesentery  and  ran  down  the  right  side 
of  the  abdomen  to  a  point  below  the  end  of 
the    cecum    as    noticed    in    quadrupeds.    A 


Fig.  28.  Abdominal  \  isccra  ui  adult  human  male,  non- 
rotation  of  intestine.  (Columbia  University  Mu- 
seum, Study  on  Collections.) 

A,  Liver.  B,  Duodenum.  C,  Small  intestine.  D, 
Spleen.  E,  Stomach.  F,  Bend  of  colon  correspond- 
ing to  hepatic  flexure.  G,  Splenic  flexure.  H,  Duo- 
denocolic  isthmus.  /,  Ascending  colon.  /,  Irregular 
transverse  colon.  K,  Descending  colon.  L,  Ileo- 
colic junction. 


Fro.  29.  Abdominal  viscera  of  adult  human  female, 
in  a  case  of  arrested  rotation  of  the  intestines. 
(Columbia  University  Museum,  Study  on  Collec- 
tions.) 

A,  Liver.  B,  Duodenum.  C,  Small  intestine.  D, 
Spleen.  E,  Stomach.  F,  Splenic  flexure.  G,  Respond- 
ing to  transverse  colon.  H,  Ascending  colon.  T,  Ileo- 
colic junction.  /,  Appendix. 


Fig.  30  Al)dominal  \iscera  of  cliild  of  two  years. 
Non-rotation  of  intestines.  (Columbia  University 
Museum,   Study  on   Collections.) 

A,  Pj'lorus.  B,  Duodenum.  C,  Ileocolic  junction. 
D,  Liver.  E,  Stomach.  F,  Descending  colon. 
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fourth  case  is  shown  in  Figures  27  A  and  B, 
these  being  of  the  immediate  and  twelve 
hour  and  barium  enema  plates.  Case  4969. 
Operated  by  Dr.  Coffey,  Feb.  5th,  1920.  Op- 
erative findings:  Spastic  contraction  of  the 
duodenum  about  four  inches  outside  the  py- 
lorus; cecum  and  transverse  colon  found 
to  the  left  of  the  median  line.  Trans- 
verse colon  attached  to  the  pelvic  wall 
below  the  sigmoid  cecum  with  diseased 
appendix  far  down  to  the  left  side  of  the 
pelvis.  A  case  of  non-rotation  and  no  parie- 
tal fusion  on  the  right  side.  Duodenum  had  a 
mesentery  that  ran  down  to  the  right  of  the 
mesocolon ;  entire  small  intestine  to  the  right 
of  the  ascending  colon. 

Figure  28  shows  a  drawing  from  Hunt- 
ington illustrating  the  position  of  the  bowel 
in  cases  similar  to  the  above  four.  We  note 
here  the  exposed  condition  of  the  duodenum. 
Figure  29  shows  a  similar  case  with  bands 
causing  angulation  of  the  duodenum.  Figure 
30  might  well  represent  the  position  of  the 
appendix  in  a  case  reported  by  Lyas.^  In  this 
case  the  appendix  was  imbedded  in  the  abdo- 
minal wall  near  the  umbilicus.  There  was  a 
fan-shaped  mesentery  with  stump  of  old  at- 
tachments above  and  to  the  right  of  the  pubic 
arch.  Appeared  to  be  a  congenital  condition. 
The  cecum  was  suspended  in  the  abdominal 
cavity  and  the  intestines  strangulated  be- 
tween the  appendix  and  the  abdominal  wall. 

Other  cases  of  the  various  types  are  re- 
corded in  our  files.  The  above  have  been  se- 
lected because  of  the  more  complete  data,  es- 
peciallv  in  the  line  of  roentgen-ray  evidence 


in  the  making  of  the  diagnosis.  The  more 
primitive  types  of  fetal  rests  demand  the 
most  careful  surgery  to  give  any  benefit  to 
the  patient,  and  any  surgeon  will  be  most 
grateful  to  the  roentgenologist  who  informs 
him  of  the  general  conditions  to  be  met  be- 
fore the  abdomen  is  opened.  This  is  un- 
doubtedly true  in  the  bizarre,  extreme  con- 
ditions, but  we  wish  to  emphasize  that  it  is 
the  responsibility  of  the  roentgen-ray  diag- 
nostician to  evaluate  the  extent  of  impor- 
tance of  the  findings  in  the  less  extreme 
cases,  or  at  least  to  present  the  evidence  to 
the  clinician  for  his  consideration  in  the  final 
judgment  of  the  case. 
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A  PECULIAR  deformity  of  the  shoulder 
region  occurring  infrequently  has  been 
reported  in  the  medical  literature  at  inter- 
vals. The  wider  use  of  roentgen-ray  diagno- 
sis in  recent  years  has  served  to  reveal  nu- 
merous instances  of  this  condition  and  the  le- 
sion is  no  longer  regarded  as  of  extreme  rar- 
ity. The  deformity  consists  of  a  unilateral 
or  bilateral  elevation  of  the  shoulder  with  or 
without  osseous  changes  and  is  due  to  a  con- 
genital mal-development  of  the  structures  in 
one  or  both  shoulders  and  the  region  of  the 
base  of  the  neck  and  upper  posterior  thorax. 

The  essayist  has  personally  encountered 
7  cases  and  knows  of  three  other  children 
who  have  this  deformity.  Three  of  the  8 
cases  investigated  are  illustrated  in  this  pre- 
sentation. The  earliest  report  of  congenital 
elevation  of  the  shoulder  seems  to  have  been 
made  by  McBurney  and  Sands  in  1888,  but 
the  description  of  Sprengel  in  1891  has  at- 
tracted most  attention  and,  as  a  consequence, 
his  name  has  most  often  been  attached  to  the 
lesion.  Joachimsthadl,  in  1900,  reported  ^ 
cases.  Several  other  observers  have  added 
cases  of  their  own  to  the  literature  on  this 
congenital  malformation.  The  literature  con- 
tains considerably  more  than  100  cases.  L^n- 
doubtedly  an  increasing  number  will  be 
added  to  the  list  in  the  near  future  due  to  a 
greater  familiarity  with  the  details  of  the  de- 
formity by  roentgenologists,  pediatrists,  or- 
thopedists and  others. 

The  lesion  undoubtedly  begins  early  in  the 
life  of  the  fetus  as  there  is  so  frequently  an 
alteration  of  bony  growth  from  the  central 
axis  outward  of  the  earl)^  embryonic  struct- 
ures. In  several  instances,  this  change  is 
more  or  less  confined  to  the  bones  of  the 
spine  and  neighboring  portions  of  the  ribs, 
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although  a  few  cases  had  no  bone  alteration 
at  all.  An  upset  in  the  evolution  of  the  indi- 
vidual cells  of  the  mesoblastic  order  results 
in  the  features  now  recognized  and  referred 
to  under  the  title  here  given.  It  seems  most 
plausible  to  regard  this  faulty  anatomy  as  a 
temporary  departure  from  the  normal  devel- 
opment of  the  structures  in  the  shoulder  re- 
gion, after  which  temporary  derangement  a 
restoration  of  the  normal  growth  of  the  cells 
is  re-established.  The  embryonic  enfolding 
then  progresses  to  a  normal  conclusion,  no 
additional  defects  taking  place.  By  some  ob- 
servers it  is  believed  that,  owing  to  some  me- 
chanical factor,  such  as  posture  of  the 
mother,  the  developing  fetus  is  moved  out  of 
normal  position,  resulting  in  one  or  both 
arms  being.placed  behind  instead  of  in  front 
of  the  body,  as  is  normal. 

The  condition  is  not  usually  recognized  at 
birth  or  in  infancy  (particularly  the  bilateral 
form),  but  when  the  child's  wearing  apparel 
is  changed  from  l)aby  clothes  to  dresses  and 
suits,  the  parents  notice  that  the  neck  seems 
shorter  than  it  should  be  or  that  one  shoul- 
der is  higher  than  its  opposite.  In  practically 
all  cases,  there  are  no  symptoms  of  au}^  kind 
which  would  suggest  that  anything  was 
wrong  in  the  shoulder.  In  the  first  case  that 
was  referred  to  the  writer  for  .f-ray  study 
on  account  of  inequality  of  shoulders,  the 
little  girl's  mother  was  considerably  worried 
al)out  the  future  date,  when  as  a  young 
lady,  she  would  appear  in  evening  gowns 
and  low-necked  dresses,  at  which  time 
it  would  be  revealed  that  she  had  shoul- 
ders (^f  unequal  height.  This  explains  the 
descriptive  terms  of  "Schoenheitsfehler" 
which  may  be  translated  into  "beauty  fault." 
In  the  case  of  one  of  the  boys,  the  parents 
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had  not  observed  any  particular  difference 
in  the  two  shoulders,  but  the  bo}-  came  home 
crying  one  day  because  his  [playmates  had 
said  that  he  was  "lop-sided."  Another  case 
was  diagnosed  as  a  "wry-neck"  because  the 
head  was  held  a  little  to  one  side.  In  cases  of 
bilateral  involvement,  the  condition  may  not 
be  noticed  until  the  child  reaches  an  age  of 
from  seven  to  twelve  years. 

Attention  is  sometimes  directed  to  the 
shoulder  because  it  is  observed  that  in  play, 
the  child  does  not  use  one  arm  as  much  as  the 
other,  although  lioth  seem  to  be  of  the  same 
size.  Sometimes  the  arm  on  the  affected  side 
is  found  to  be  shorter  than  the  opposite  one, 
but  this  is  relative  rather  than  actual.  Only 
occasionally  the  child  will  complain  of  a  little 
pain  or  numbness  which  seems  to  extend 
down  the  arm,  but  this  is  quite  the  exception 
to  the  rule.  In  one  case,  the  patient  was  not 
able  to  make  as  much  use  of  the  affected  arm 
as  the  opposite  one,  as  it  tired  easily,  but  no 
pain  was  experienced. 

ROENTGEXOLOGICAL  ASPECTS 

These  cases  are  best  studied  by  means  of 
stereoscopic  projections,  which  include  the 
entire  shoulder  girdle,  entire  cervical  verte- 
brae and  upper  half  of  the  thorax.  Some  of 
these  cases  are  missed  by  taking  one  shoul- 
der only,  there  being  no  direct  compar- 
ative shadows.  Owing  to  the  possible  bony 
alteration  which  often  accompanies  this  de- 
formity, the  patient  should  lie  placed  in  the 
supine  position  in  order  to  obtain  the  great- 
est detail  of  the  vertel)ral  column,  posterior 
ribs  and  scapulae. 

Cases  of  congenital  elevation  of  the 
shoulder  may  be  divided  into  two  main 
types:  (a)  simple,  non-osseous  alteration 
and  (h)  complicated,  osseous  mal-develop- 
ment.  Each  of  these  may  be  subdivided  into 
(a)  unilateral  and  (b)  bilateral. 

The  simple  type  consists  merely  of  an  ele- 
vation in  position  of  the  scapula  and  related 
bones  of  the  shoulder,  there  being  no  mis- 
shapen bones  of  spine,  ribs,  etc.  In  the  simple 
type  cases,  not  the  slightest  evidence  of  any 
bone  alteration  can  be  detected,  there  being 


merel}-  a  unilateral  or  bilateral  high  stand- 
ing scapula.  Obviously  the  latter  type  may  be 
unrecognized,  i)articularly  if  the  elevation  be 
slight. 

The  complicated  type  consists  of  elevation 
of  the  bones  of  the  shoulder  plus  alteration 
of  bone  structures  of  the  upper  spine,  ribs 
and  shoulder.  In  the  osseous,  complicated 
type  the  bones  most  often  involved  are  the 
lower  cervical  vertebrae  (usually  below  the 
third),  the  u[)per  four  to  six  dorsal  verte- 
brae, the  ribs  corresponding  to  these  verte- 
brae and  the  scapula.  Intrinsic  changes  of 
clavicle  and  humerus  are  seldom  found. 

In  the  cases  of  bone  malformation  there 
is  a  noticeable  inconstancy  of  the  individual 
Ijone  alteration,  no  two  cases  presenting  ex- 
actly the  same  anatomical  changes.  For  ex- 
ample, in  some  instances,  there  may  be 
found  a  fusion  of  two  or  more  vertebral 
bodies ;  in  other  cases,  there  mav  be  a  spina 
bifida  occulta ;  in  still  other  cases,  there  may 
be  an  extensive  osseo-anastomosis  of  the  ribs 
on  one  or  both  sides.  Each  case  seems  to  pre- 
sent an  entirely  new  bone  change.  In  one 
case,  bilateral,  though  symmetrical,  cervical 
ribs  were  present;  in  another  case  the  first 
rib  on  one  side  was  absent.  Any  one  case 
may  have  a  com])ination  of  several  or  per- 
haps all  these  features. 

In  all  the  cases  there  is  a  more  or  less 
marked  elevation  of  the  scapula  on  one  or 
both  sides.  One  ma}'  find  that  that  portion 
of  the  scapular  blade  which  lies  above  the 
l)ase  of  the  spinous  process,  is  greatly  in  ex- 
cess of  the  normal  proportion,  with  a  cor- 
resj)onding  shortening  of  the  inferior  part 
of  the  blade.  This  results  in  a  seeming, 
though  not  actual,  sinking  of  the  glenoid 
portion.  Thus,  the  superior  border  of  the 
scapula  lies  very  nuich  higher  in  the  base  of 
the  neck  than  is  normal.  Frequently,  the  gen- 
eral configuration  of  the  scapula  gives  the 
observer  the  impression  of  its  being  un- 
usually small,  particularly  if  the  case  be  a 
unilateral  deformity,  the  opposite  normal 
serving  by  comparison  to  bring  out  the 
faulty  outline  of  the  affected  bone.  A 
marked  scaphoid  vertebral  border  of  the 
scapula  is  sometimes  observed,  this  edge  be- 
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Fig.  I.  Dr.  Sill's  case. 

ing  almost  crescentic  in  figure,  with  the  in- 
ferior angle  assuming  a  hook  shape.  In  one 
of  the  cases  this  border  appeared  to  be  actu- 
ally causing  a  pressure  erosion  of  the  poster- 
ior aspect  of  the  underlying  ribs  and  these 
ribs  were  narrowed  almost  to  a  point  where 
it  seemed  that  the  slightest  pressure  on  the 
thoracic  cage  would  surely  result  in  a  frac- 
ture, but  the  child  did  not  complain  of  the 
slightest  degree  of  pain  or  discomfort. 

In  the  cases  observed,  the  roentgen-ray 
shadows  reveal  the  usual  degree  of  densities 
of  normal  bones,  and  the  architecture  of 
cancellous  and  cortical  bone  tissues  are  un- 
changed except  at  points  of  bone  fusion  and 
anastomosis.  The  varieties  of  rib  osteo-an- 
astomosis  are  many;  in  one  case,  four  ribs 
were  joined  on  superior  and  inferior  borders 
in  a  synostosis  for  a  distance  along  the  bones 
of  from  3  to  5  cm. ;  the  fusion  began  about 
3  cm.  from  the  vertebral  articulations.  One 
case  exhibits  a  sharp  angulation  of  the  upper- 
most dorsal  spine  due  to  a  fusion  and  seem- 
ing collapse  of  the  vertebral  bodies.  The 
interarticular  facets  may  be  entirely  fused, 
thus  obliterating  these  joints.  Similar  syn- 
arthrosis may  also  be  found  at  the  costo- 
vertebral joint.  Sometimes,  several  of  the 
laminar  processes  fail  to  unite,  resulting  in 
a  spina  bifida  occulta ;  I  have  not  observed  a 
true  spina  bifida  in  any  of  these  cases  of  con- 
genital shoulder  elevation.  Most  often  it  is 
found  that  the  blade  of  the  scapula,  even  if 
unaltered  in  configuration,  is  set  more  to- 


FiG.  3.  Dr.  Moore's  case. 

ward  the  anteroposterior  position  instead  of 
lying  transverse  to  the  patient's  body.  This 
gives  a  marked  prominence  to  the  vertebral 
border  of  this  bone  (Fig.  4)  presenting  the 
so-called  "winged  scapula." 

In  almost  all  of  the  cases  observed  herein, 
there  was  found  a  limitation  of  abduction  of 
the  affected  arm  or  arms,  and  an  extra- 
ordinary ability  to  reach  the  arm  posteriorly 
(Fig.    4)     was    a    striking    feature.    In    a 
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majority  of  these  cases  normal  births  took 
place  and  in  those  in  which  instrumentation 
was  resorted  to,  there  were  no  occurrences 
that  would  permit  us  to  associate  the  deform- 
ity with  the  foreceps  delivery. 

Case  I  (Referred  by  Dr.  Frederick  Muel- 
ler). Girl,  aged  seven,  white,  American, 
normal  delivery,  well  nourished  and  well  de- 
veloped physically  and  mentally.  The  head 
seems  to  set  close  on  the  body  with  unusu- 
ally short  neck.  No  complaint. 

X-Ray  Shadoiv  .inalysis.  The  left  scapula 
lies  much  higher  than  normal  and  is  con- 
siderably altered  in  outline,  the  superior  por- 
tion being  much  in  excess  of  the  opposite 
bone,  while  the  inferior  portion  is  corres- 
pondingly shortened.  The  vertebral  border  is 
concentric  in  shape  and  appears  to  be  eroding 
the  ribs.  The  upper  ribs  (posteriorly)  are 
altered  in  size  and  outline,  there  being  an 
anastomosis  between  the  second  and  third 
left  ribs ;  the  anterior  portions  of  the  ribs  ap- 
pear to  be  normal.  The  right  scapula  is  also 
higher  than  normal  but  it  is  not  misshapen. 
From  the  fourth  cervical  to  the  fifth  dorsal 
spine  there  is  mal-development  of  the  verte- 
bral bodies  with  slight  de^'iation  of  normal 
spinal  alignment. 

Diagnosis.  Case  of  congenital  shoulder  el- 
evation (Sprengel's  deformity):  simple  on 
left,  complicated  on  right. 

Case  II  (Referred  by  Dr.  Frederick 
Mueller).  Boy  aged  five,  white,  Polish,  nor- 
mal delivery,  patient  fairly  well  nourished, 
physical  development  good  but  left  shoulder 
is  higher  than  right. 

X-Ray  Shad 01c  Analysis.  A  high  position 
of  the  left  scapula  and  shoulder.  No  bone 
alteration  of  spine,  ribs,  scapula,  etc. 

Diagnosis.  Simple  unilateral  congenital  el- 
evation (Sprengel's  deformit}^). 

Case  III  (Cook  County  Hospital,  Ortho- 
pedic Service.  Dr.  Henrv  Bascom  Thomas). 
Boy,  aged  seven,  white,  Italian,  normal  birth, 
evidence  of  healed  rickets,  but  is  in  good 


condition  at  this  time.  Has  high  right 
shoulder.  Difference  was  noticed  soon  after 
birth  but  no  attention  paid  to  it  at  that  time. 

X-Ray  SIia(Io7c  .Inalysis.  A  high  standing 
scapula  on  right,  normal  position  on  left; 
malformation  of  upper  right  ribs  posteriorlv. 
The  laminar  process  of  second  to  fourth 
dorsal  failed  to  unite,  though  no  spinous 
processes  formed  resulting  in  spina  bifida  oc- 
culta, there  being  no  soft  tissue  tumor  over 
same.  Rudimentary  cervical  rib  on  left.  (This 
latter  variation  is  the  only  change  found  to 
involve  the  left  side.) 

Diagnosis.  Unilateral,  complicated,  con- 
genital elevation  of  right  shoulder;  unilat- 
eral congenital  cervical  rib  of  left  side. 

Case  I\^  (Cook  County  Hospital,  Chil- 
dren's Service;  Dr.  Julius  H.  Hess).  Girl, 
aged  one  year  and  six  months,  white,  Amer- 
ican, forceps  delivery ;  sick  child :  no  shoul- 
der deformity  noted  ;  sent  to  .r-ra^■  de})art- 
ment  for  examination  of  thorax,  (juestion  of 
pneumonia. 

X-Ray  Sliadoic  Analysis.  The  upper  third 
of  right  lung  field  is  occupied  by  a  dift'use 
heavy  shadow,  probably  consolidation  of 
])neum()nia.  .Additional  findings:  Both  scapu- 
lae lie  much  higher  than  normal.  Slight  al- 
teration of  the  upper  ribs,  posteriorly. 

Diagnosis.  Bilateral,  complicated  Spreng- 
el's deformity;  lobar  pneumonia  of  upper 
right  lung. 

Case  V  (Referred  by  Dr.  Grant  W.  Sill). 
Girl,  aged  eight,  white,  of  well-to-do  parents, 
family  history  negative  for  similar  defects. 
Patient  is  of  robust  figure,  well  developed 
and  well  nourished.  The  neck  is  shorter  than 
is  normally  proportionate.  Patient  makes  no 
complaint  of  any  kind.  Her  parents  wish  to 
know  why  her  neck  is  so  short.  No  history 
of  injury  or  disease  of  spine  (Fig.i ). 

X-Ray  Shadou'  Analysis.  A  bilateral  ele- 
vation of  the  shoulders,  faultv  development 
of  the  lower  cervical  and  upper  dorsal  spine, 
spina  bifida  occulta  and  rib  osteo-anastomo- 
sis,  no  changes  in  the  shoulder  joints  proper, 
both  scapulae  lie  higher  in  relation    to  the 
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Fig.  3.  Dr.  Moore's  case. 


ribs  than  nornial.  literally  filling  the  base  of 
the  neck. 

Diagnosis.  Congenital  Ijilateral  elevation 
of  shoulders,  complicated  type. 

Case  VI  (Referred  by  Dr.  Frederick 
Mueller).  A  boy,  aged  eighteen,  white,  Jew- 
ish, normal  physicjue.  weight  118  lbs.  No 
history  of  diseases  or  injury  of  the  spine  or 
shoulder.  Has  had  children's  diseases,  "flu" 
and  pleurisy.  Says  the  right  shoulder  was  al- 
ways higher  than  the  left  as  long  as  he  can 


remember.  Right  arm  tires  easily.  Sometimes 
drives  his  empk^yer's  automobile  on  long 
trips  and  finds  that  he  has  to  do  most  of  the 
steering  with  the  left  hand,  as  the  grip  of  the 
right  gets  weak  and  numb.  The  right  arm  is 
carried  higher  than  the  left,  which  makes  it 
appear  shorter  but  there  is  no  actual  differ- 
ence in  the  length  of  the  arm  (Fig.2). 

X-Ray  Shadoic  Analysis.  The  right  scap- 
ula lies  higher  than  the  left.  The  bones  of  the 
left  shoulder  are  normal;  osteo-anastomosis 
of  the  second,  third,  and  fourth  ribs  on  the 
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right 


side;  second  degree  cervical  rib  is 
found  on  the  left  side.  The  first  rib  on  the 
right  side  is  deformed.  The  scapula,  clavicle 
and  humerus  are  all  unchanged ;  they  merely 
occupy  a  higher  position  than  normal.  The 
sternoclavicular  articulations  appear  normal. 
Diagnosis.  Unilateral  congenital  elevation 
of  the  shoulder,  complicated  type. 

Case  VII  (Referred  by  Dr.  Beveridge  H. 
Moore).  A  boy,  aged  seventeen,  had  fever  in 


childhood  but  does  not  remember  what  it 
was  called ;  the  left  shoulder  is  higher  than 
the  right;  limitation  of  abduction  of  the  left 
arm,  can  place  palm  of  left  hand  flat  on 
right  scapula:  posterior  shoulder  (Figs.  3 
and  4). 

X-Ray  Shadozv  Analysis.  A  high  position 
of  the  scapulae  and  shoulder  but  no  bone 
changes  whatsoever. 

Diagnosis.  Simple  unilateral  Sprengel's 
deformity. 


A  MODIFICATION  OF  TECHNIQUE  FOR  ROENTGEN- 
OGRAPHING  UPPER  MOLARS* 


By  C.  a.  Le  master,  D.D.S. 


ST.  LOUIS,  MISSOURI 


JUST  two  factors  enter  into  the  produc- 
tion of  a  dental  roentgenogram:  proper 
technique,  including  exposure  and  develop- 
ment, and  correct  angle.  While  the  first  will 
be  subject  to  the  personal  views  and  prefer- 
ences of  the  individual  roentgenologist,  and 
may  vary  within  considerable  limits  without 
in  any  manner  impairing  the  diagnostic  value 
of  the  roentgenogram,  the  latter,  that  is  the 
angle  of  incident  of  the  roentgen  rays  in  re- 
lation to  the  film  and  the  tooth,  may  not  vary 
in  the  least  without  seriously  detracting 
from  the  value  of  the  roentgenogram. 

The  well-known  law  which  governs  this 
may  be  concisely  stated:  The  angle  of  inci- 
dent of  the  normal  ray  shall  strike  at  right 
angle  the  plane  which  exactly  bisects  the 
angle  formed  between  tooth  and  film — a  law 
to  which  there  is  no  exception. 

In  considering  this  rule,  we  readily  learn 
the  reason  which  renders  the  making  of  a 
roentgenogram  of  the  upper  molar  area  ex- 
ceedingly difficult  at  times ;  namely,  the 
shadow  of  the  zygomatic  arch  and  the  lower 
margin  of  the  maxillary  sinus  is  often  pro- 
jected over  the  molar  roots,  a  situation  which 
occurs  with  annoying  perversity  precisely  in 
those  cases  where  a  clear  image  of  those 
roots  is  very  important.  Figures  i  and  2  il- 
lustrate this. 

Various  measures  have  been  suggested  to 
overcome  this  difficulty,  all  of  which  may  be 
classified   under  one   group — the   deliberate 

*Reprinted  from  the  Journal  of  the  National 
*0n  account  of  the  importance  of  this 


producing  of  distortion,  in  such  a  manner  as 
to  throw  the  suspected  area  clear  from  these 
shadows.  This,  to  be  sure,  will  often  furnish 
a  roentgenogram  of  sufficient  value,  but  un- 
nately  the  relation  of  the  various  structures 
of  the  tooth  appears  at  times  distorted  to  a 
confusing  extent.  Rather  than  do  this,  a 
roentgenogram  is  very  frequently  taken  in 
normal  position  and  just  as  frequently 
some  important  diagnostic  features  are 
overlooked. 


In  trying  to  find  a  method  which  will  ob- 
viate this  difficulty,  I  have  come  to  the  con- 
clusion that  it  will  have  to  be  attempted,  not 
by  modifying  the  angle  of  incident  of  the 

Dental  Association,  April,  1921,  viii,  328-329. 
article  it  is  published  in  its  entirety. 
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roentgen  rays,  but  by  modifying  the  angle  of 
the  film  to  the  tooth.  Figures  3  and  4  illus- 
trate the  result  of  this  procedure  probably 
more  easily  than  a  lengthy  explanation 
would.  To  sum  up  briefly:  By  placing  the 
film  into  position  approximately  parallel  to 
the  long  axis  of  the  tooth  to  be  examined,  it 
will  be  possible  to  direct  the  roentgen  rays 
below  the  zygomatic  arch  and  antrum  (max- 
illary sinus),  entirely  eliminating  their  over- 
lapping shadows. 

In  practice  this  is  done  by  attaching  a  me- 


dium-sized absorbent  cotton  roll  to  the  lower 
edge  of  the  film,  and  the  patient  is  instructed 
to  place  his  finger  near  the  upper  edge  of  the 
film,  pressing  it  firmly  against  the  palate. 
This  will  result  in  bringing  the  upper  portion 
in  close  apposition  to  the  apex  of  the  roots, 
while  the  lower  portion  is  removed  from  ^ 
to  I  cm.  from  the  crown  of  the  tooth.  The 
apices  of  the  roots  are  clear  and  free  from 
superimposed  shadows  and  yet  in  perfect 
proportion  to  the  tooth  itself  and  to  the  sur- 
rounding process. 


X-RAY  REPORT 

By  J.  S.  YOUNG,  M.D. 


EAST    ST.    LOUIS,    ILLINOIS 


MRS.  M.  T.  H.,  female,  came  to  the  hos- 
pital for  treatment. 
Clinical  Diagnosis.  Chronic  headache  and 
swelling  of  antrum. 

X-Ray  Report.  Slight  veiling  of  the  left 
antrum.  Marked  calcified  area  in  the  median 
line  just  above  and  posterior  to  the  frontal 


sinus.  A  dense  round  shadow  lying  in  the 
median  line  possibly  more  in  the  right 
frontal  sinus.  Apparently  increased  ossifica- 
tion at  this  point.  Deflected  septum.  Com 
plete  blocking  of  the  ethmoids  on  the  left 
side. 


RADIUM  COMBINED  WITH  X-RAY  TREATMENT  IN 
CARCINOMA  OF  THE  BREAST  ^^= 

By  GEORGE  E.  PFAHLER,  M.D. 

PHILADELPHIA,   PENNSYLVANIA 


AT  the  request  of  your  president  I  am 
presenting  a  subject  similar  to  the  one 
presented  by  me  a  year  ago/  Dr.  Douglas 
Quick  has  recently  made  an  excellent  review 
of  the  literature  under  a  similar  title  and 
presents  some  very  convincing  evidence  of 
the  value  of  this  treatment."  Boggs  presented 
a  paper  on  this  subject  before  the  midwin- 
ter meeting  of  the  American  Roentgen  Ray 
Society,  and  you  are  all  familiar  with  his 
excellent  work." 

The  treatment  of  carcinoma  of  the  breast 
by  radiation,  whether  by  means  of  the  roent- 
gen rays  or  radium,  is  in  principle  the  same 
as  the  treatment  of  malignant  disease  any- 
where in  the  body.  The  success  of  the  treat- 
ment is  dependent  upon  ( i )  a  clear  recog- 
nition of  the  extent  and  nature  of  the  dis- 
ease, and  (2)  upon  the  most  thorough  and 
skillful  application  of  the  radiation  to  every 
portion  of  this  malignant  disease,  for  suf- 
ficient time  and  with  sufficient  intensity  to 
destroy  every  malignant  cell.  The  presenta- 
tion of  this  substance  under  the  above  title 
is  not  intended  to  be  an  argument  against 
any  other  method  of  treatment  of  malignant 
disease,  nor  is  it  intended  that  radiation  shall 
replace  surgery  or  any  method  that  will  suc- 
cessfully combat  this  dreaded  disease.  Much 
has  been  accomplished  by  surgery.  Surely 
more  has  been  accomplished  by  surgery  than 
by  any  other  means  of  treatment.  IMore  has 
been  accomplished  by  surgery  probably  be- 
cause that  method  of  treatment  has  been 
more  thoroughly  developed,  and  has  been  in 
the  hands  of  some  of  the  most  brilliant  men 
in  the  world,  and  the  greatest  efforts  of  the 
greatest  minds  have  been  brought  into  activ- 
ity for  the  development  of  that  phase  of 
treatment. 

It  is  because  of  the  failures  that  have  so 
frequently  occurred  in  the  hands  of  the  most 
skillful  surgeons,  and,  at  times  under  the 
most  favorable  circumstances,  that  the  world 
is  still  hoping  for  something  better.  While 
radiation  may  not  prove  itself  to  be  better. 


it  should  be  our  aim  to  develop  the  methods 
of  application  of  radium  to  the  same  degree, 
with  the  same  earnestness,  the  same  enthusi- 
asm and  with  the  same  hopefulness  that  have 
prompted  our  great  surgeons.  Toward  this 
end.  therefore,  we  as  roentgenologists  must 
not  content  ourselves  with  being  simply  tech- 
nicians, but  we  must  be  students  of  pathol- 
ogy and  of  the  causation  as  well  as  the  na- 
ture of  progression  of  malignant  disease. 
Wq  can  then  keep  ever  clearly  in  mind  the 
likelihood  of  extension  by  metastasis,  the 
direction  that  these  metastases  are  likely  to 
take,  so  that  with  our  radiation  we  can  com- 
pletely surround  the  disease,  for  we  can  no 
more  hope  for  success  by  treating  a  portion 
of  the  malignant  disease  than  can  the  sur- 
geon hope  for  success  by  cutting  out  a  por- 
tion of  it.  If  the  disease  has  become  uni- 
versal, that  is.  if  the  disease  has  spread  to 
various  distant  parts  of  the  body,  we  cannot 
hope  for  complete  and  permanent  success, 
though  even  in  such  advanced  conditions  we 
may  hope  for  an  arrest  of  the  disease  at 
times. 

Both  the  roentgen  rays  and  radium  have 
in  so  many  instances  caused  the  complete  dis- 
appearance of  malignant  disease  in  super- 
ficial places  where  it  could  be  watched  con- 
tinually that  most  of  the  profession  are  to- 
day convinced  more  or  less  of  their  therapeu- 
tic value.  Careful  histological  studies  have 
Ijeen  made  of  the  tissues  treated  by  these  ra- 
diations so  that  we  know  today  the  micro- 
scopical changes  that  take  place  in  the  in- 
dividual cells  under  their  influence.  The  best 
review  of  this  phase  of  the  subject  is  that 
which  has  been  made  by  Colwell  and  Russ.* 
One  of  the  advantages  of  radiation  over 
surgery  is  that  it  can  be  used  more  exten- 
sively and  can  be  used  especially  to  surround 
the  growth.  Radiation  treatment,  being  for 
the  most  part  painless,  is  more  likely  to  ap- 
peal to  the  sufferer  than  is  surgery.  It  is  to 
be  hoped  that  the  elimination  of  fear  of  an 
operation  will  induce  women  as  well  as  men 


*Read  at  the  Sixth  Annual  Meetins  of  The  American  Radium  Society,   Boston,   .Uine  6-7.    1921. 
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who  suffer  from  this  disease  of  the  breast, 
to  apply  for  treatment  early  and  not  do  as 
is  so  common  at  present,  when  women  con- 
ceal from  their  friends,  and  so  far  as  pos- 
sible from  themselves,  the  knowledge  of  a 
tumor  in  the  breast,  until  it  causes  severe 
suffering-  and  until  it  has  become  almost 
hopeless  so  far  as  recovery  is  concerned.  The 
very  fact  of  this  greater  appeal  places  upon 
us  'a  correspondingly  great  responsibility, 
first  in  making  a  careful  diagnosis,  in  study- 
ing each  case  most  thoroughly,  and  in  obtain- 
ing consultation  with  surgeons,  and  assis- 
tance whenever  possible;  and  second,  the 
responsibility  of  using  the  greatest  amount 
of  skill  in  the  most  thorough  manner  at  the 
earliest  moment  possible.  It  will  surely 
appeal  to  anvone  that  more  should  be  accom- 
plished in  the  treatment  of  an  early  case 
than  in  one  far  advanced.  In  spite  of  this 
common  sense  view,  all  of  us  experience  the 
most  paradoxical  position  which  is  so  often 
taken  by  surgeons  who  assume  that  the  .r-ray 
and  radium  are  of  no  value  and  should  not 
be  used  in  an  early  case  of  malignant  disease, 
while  these  same  surgeons  will  hope  for  the 
most  miraculous  results  after  the  disease  has 
invaded  the  chest,  the  lungs  and  often  the 
entire  body,  or  has  recurred  after  an  opera- 
tion and  has  been  more  or  less  dissipated 
through  the  system.  I  have  frequently  seen 
patients  who  have  had  their  fears  of  recur- 
rence appeased  with  the  statement  that  they 
are  suffering  from  rheumatism,  and  that  the 
pains  associated  with  recurrent  disease  are 
"healing  pains,"  or  if  they  happen  to  have 
had  some  .r-ray  treatment,  the  pains  and 
even  the  recurrent  infiltration  of  the  tissues 
are  explained  by  the  statement  that  the 
.flT-rays  produce  such  changes. 

We  are  not  in  a  position  today  to  claim 
that  radiation  should  replace  surgery,  prob- 
ably because  our  technique  and  equipment 
are  passing  through  a  stage  of  rapid  devel- 
opment, and  the  duration  of  our  experiences 
is  not  sufficiently  long  to  make  a  fair  com- 
parison with  the  results  obtained  by  surgery. 
Still  I  believe  that  we  can  justly  place  the 
truth  as  nearly  as  possible  before  the  pa- 
tient, and  allow  the  patient  to  choose  the 
treatment  most  desired.  In  the  hands  of  the 
best  surgeons  we  have  a  right  to  expect  a 
greater  percentage  of  cures  than  in  the  hands 
of  those  less  skillful  and  less  experienced. 


Likewise  in  the  hands  of  the  most  expert  and 
best  equipped  roentgenologist  we  have  a 
right  to  expect  more  satisfactory  results  than 
in  the  hands  of  those  less  skillful  and  poorly 
equipped,  and  therefore  in  choosing  a 
method  of  treatment  the  patient  or  the  at- 
tending physician  should  not  only  consider 
the  method  of  treatment,  but  the  human  be- 
ing who  is  applying  that  method.  Some  of 
the  results  obtained  during  the  last  few  years 
from  radiation  give  us  great  hope. 

PRIMARY  CARCINOMA  OF  THE  BREAST 

In  general,  and  based  upon  the  experience 
of  the  general  surgeon  and  roentgenologist, 
we  are  probably  justified  today  in  recom- 
mending, as  I  have  been  doing  for  about  six 
years,  an  ante-operative  course  of  .r-ray 
treatment  covering  the  breast,  the  axilla  and 
the  supraclavicular  region,  carrying  as  much 
radiation  into  the  tissues  as  possible  within  a 
period  of  one  to  two  weeks.  This  treatment 
is  given  with  the  object  of  making  micro- 
scopical changes  in  the  tissue,  and  of  so  de- 
vitalizing the  malignant  cells  that  they  can 
not  easily  reproduce  themselves,  either  lo- 
cally in  the  wound  or  when  transplanted  by 
the  lymph  or  blood  channels  to  other  loca- 
tions in  the  body  during  the  operation.  This 
preliminary  radiation  should  then  be  fol- 
lowed within  a  few  days  by  a  radical  and 
complete  operation  which  should  be  done 
just  as  thoroughly  as  if  no  preliminary  radi- 
ation had  been  given.  After  the  operation, 
and  within  a  period  of  three  to  four  weeks 
from  the  time  of  the  preliminary  .;tr-ray  treat- 
ment, a  subsequent  period  of  radiation 
should  be  given,  during  which  time  the  tis- 
sues should  be  thoroughly  saturated  to  the 
limit  of  the  skin  tolerance.  If  this  proced- 
ure is  followed  thoroughly  and  skillfully  the 
whole  process  should  be  complete  within  two 
months  in  an  early  or  average  case.  If,  how- 
ever, the  disease  is  extensive  and  metastasis 
has  taken  place  to  the  supraclavicular  region 
or  mediastinum,  more  thorough  radiation 
will  have  to  be  given,  extending  over  a 
longer  period  of  time,  and  the  outlook  is 
correspondingly  less  satisfactory. 

Technique.  The  technique  for  this  ante- 
operative  and  post-operative  treatment  will 
have  to  be  varied  somewhat  in  the  individ- 
ual case,  but  in  a  general  way  it  will  be  de- 
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scribed  as  follows.  At  least  three  areas  are  to 
be  treated,  one,  comprising  the  mammary  re- 
gion which  extends  from  the  median  line  up- 
ward to  the  level  of  the  axilla  and  laterally 
to  the  mid-axillary  line ;  second,  the  supra- 
clavicular region  which  extends  from  a  hori- 
zontal line  drawn  through  the  lower  border 
of  the  anterior  fold  of  the  axilla  inward  to 
the   median   line,    and   bounded   posteriorly 
by  a  line  drawn  through  the  upper  border  of 
the  spine  of  the  scapula;  a  third,  comprising 
the  scapular  and  posterior  axillary  region, 
which  includes  the  area  below  the  line  of  the 
scapula    and    posterior   to    the    line    drawn 
through  the  middle  of  the  axilla. 

The    apparatus    used    by    the    individual 
roentgenologist  will  to  a  certain  extent  vary 
the  remainder  of  the  technique,  but  in  a  gen- 
eral way  I   use  radiation  through  each  of 
these  areas  coming  from  a  Coolidge  tube  ex- 
cited by  a  transformer,  through  6  mm.  of 
glass  or  aluminum,   with  a  9  inch  parallel 
spark  gap  and  5  ma.  of  current  with  a  focal 
skin  distance  of  30  or  40  cm.  If  30  cm.  dis- 
tance is  used  we  treat  for  a  period  of  twenty 
minutes.  If  40  cm.  are  used  thirty-five  min- 
utes exposure  is  given,  and  each  of  these 
areas  is  covered  in  this  manner  twice  W'ithin 
a  period  of  two  weeks.  If  it  were  not  for  the 
radiation  sickness  which  troubles  us  much,  I 
believe  that  it  would  be  better  to  use  the  40 
cm.  distance  and  the  longer  period  of  expos- 
ure, but  it  seems  that  the  longer  the  per- 
iod of  exposure  the  greater  the  amount  of 
radiation  sickness,  and  for  that  reason  we 
frequently  use  30  cm.  distance  and  a  period 
of  twenty  minutes  exposure.  Each  of  these 
applications  is  distinctly  less  than  an  ery- 
thema dose,  but  the  two  applications  given 
within  a  period  of   two   wrecks  amount  to 
more  than  a  single  erythema  dose,  and  if  this 
same  amount  of  radiation  were  given  at  a 
single  application  over  each  area,  it  would 
prr>duce  a  marked  erythema,  yet  divided  in 
this  manner  we  do  not  get  more  than  an  ery- 
thema.  This  has  been  one  of  the  greatest 
lessons  learned  by  us  during  the  past  year. 
For  the  postoperative  treatment  these  areas 
are  gone  over  in  a  similar  manner.  . 

PRIMARY  CARCINOMA  OF  THE  BREAST 
TREATED   BY   RADIATION    ALONE 

Practically  all  the  cases  of  primary  carci- 


FiG.  I.  Case  i.  Carcinoma  of  left  breast  in  male,  five 
years'  duration,  with  projecting  mass  aliout  5  cm. 
in  diameter,  located  above  the  nipple. 

noma  of  the  breast  treated  by  radiation 
alone  consisted  of  those  which  for  one 
reason  or  another  were  considered  inoper- 
able and  in  these  most  satisfactory  results 
have  been  obtained.  The  disease  has  either 
been  made  to  disappear  completely  so  far  as 
inspection  or  palpation  can  determine  or,  in 
those  cases  in  which  the  disease  involved  a 
large  mass  of  malignant  tissue  of  the  breast 
area,  it  was  reduced  to  a  fibrous  solid  mass, 
movable,  which  could  then  be  removed  lo- 
cally by  surgery.  Axillary  and  even  supra- 
clavicular lymph  nodes  have  been  made  to 
disappear. 

Technique.  The  technique  consists  of 
primary  radiation  by  means  of  the  roentgen 
rays  in  a  similar  manner  to  that  descrbed 
above  for  ante-operatve  treatment.  At  the 
end  of  two  weeks  radium  needles  are  inser- 
ted throughout  the  palpable  malignant  dis- 
ease. For  this  purpose  I  use  steel  needles  con- 
taining 10  mgm.  of  radium  in  each  (length 
2y.T,  mm.,  diameter,  external,  1.73  mm., 
thickness  of  wall  0.4  inm.).  Under  nitrous 
oxide  gas  anesthesia  these  needles  are  intro- 
duced throughout  the  malignant  disease  i  ^/^ 
cm.  apart  if  they  are  to  remain  in  place  only 
eight  hours,  and  2  cm.  apart  if  they  are  to  re- 
main in  place  sixteen  hours.  The  needles 
must  be  introduced  under  aseptic  conditions, 
and  into  every  part  of  the  malignant  disease, 
either  at  a  single  application  or  in  more  than 
one  application  within  a  period  of  a  week 
providing  the  disease  is  very  extensive,  and 
so  that  no  part  of  the  malignant  tissue  can 
recover  or  develop  a  resistance  to  the  rays 
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Fig.  2.  Fig.  3. 

Fig.  2.  Case  l.  Lateral  view  to  show  the  projecting  epithelioma.    The    remainder    of    the    breast   was    in- 
durated. The  projecting  tumor  mass  was  destroyed  by  electro-coagulation  and  radium  needles  inserted 
throughout  the  breast  and  into  the  left  axilla. 
Fig.  3.  Case  i.  Showing  end-result  six  months  later.  No  palpal)le  evidence  of  malignant  disease.  Fibrous  tis- 
sue surrounding  the  points  of  insertion  of  the  needle. 


while  some  other  part  is  being  treated.  A 
few  illustrative  cases  may  be  mentioned. 

Case  I.  Mr.  H.  H.  P.,  aged  sixty-five,  was 
referred  for  consultation  by  Dr.  Melvin 
Henry,  October  6,  1920.  He  had  had  a  tu- 
mor growing  in  his  left  breast  for  five  years, 
and  at  this  time  he  had  a  projecting  mass  of 
malignant  tissue  in  the  region  of  the  left 
nipple  approximately  5  cm.  in  diameter  and 
elevated  approximately  3  cm.,  with  indura- 
tion involving  approximately  two-thirds  of 
his  breast.  There  were  no  palpable  axillary 
Ivmph  nodes.  One  of  two  methods  of  treat- 
ment was  recommended,  either  ante-opera- 
tive .r-ray  treatment  followed  by  a  complete 
operation  and  then  postoperative  .r-ray 
treatment;  or  preliminary  treatment  with 
the  roentgen  rays  and  then  local  destruction 
of  the  projecting  tumor  mass  by  means  of 
electro  coagulation  and  the  introduction  of 
radium  needles  throughout  the  indurated 
malignant  tissue  of  the  breast  and  into  the 
anterior  axillary  fold.  After  conference  with 
the  family  physician  the  patient  refused  sur- 
gical excision  and  the  second  form  of  treat- 
ment was  carried  out  with  complete  disap- 
pearance of  all  evidence  of  disease.  The  pa- 
tient has  had  no  treatment  since  December 
9th,  1920,  but  returns  once  a  month  for  ob- 
servation. The  duration  is  too  short  to  draw 
any  conclusions,  but  since  we  have  extended 
our  radiation  more  widely  than  a  surgeon 
could  possibly  have  removed  the  tissue,  and 
since  we  have  eliminated  by  this  means  all 
palpable  disease,  I  believe  that  we  have  a 


right  to  assume  that  any  other  smaller  and 
less  palpable  disease  has  also  been  elimin- 
ated, but  the  case  is  presented  primarily  as 
an  illustration  of  my  opinion  of  the  latest 
and  best  method  of  treatment  rather  than  as 
convincing  proof  of  ultimate  results.* 

Case  II.  Mrs.  H.  S.,  aged  sixty-seven,  re- 
ferred by  Dr.N.  G.  Allebach,  November  10, 
1920.  She  had  had  a  tumor  of  the  left 
breast  six  years,  but  never  spoke  of  it  until 
three  days  before  she  was  sent  to  my  office. 
She  had  suffered  from  pains  for  about  a 
year.  The  patient  had  a  tumor  involving  the 
entire  left  breast  with  an  area  of  ulceration 
approximately  8  cm.  in  diameter  with  a  mass 
of  metastatic  glands  in  the  axilla  the  size  of 
a  hen's  Qgg,  and  with  large  palpable  lymph 
nodes  in  the  supraclavicular  region,  and  by 
.r-ray  examination  distinct  mediastinal  dis- 
ease. In  this  case  we  had  to  treat  not  only  the 
affected  side  but  the  opposite  side  of  the 
chest  in  order  to  reach  the  mediastinal  tissue 
and  to  prevent  any  extension  to  the  opposite 
breast.  It  required  twenty-six  days  to  get 
this  preliminary  treatment  by  the  roentgen 
rays.  Then  on  December  7th  we  introduced 
200  mgm.  of  radium  in  the  tumor  for  fifteen 
hours.  On  December  8th  we  introduced  100 
mgm.  into  the  outer  portion  of  the  tumor 
mass  for  eight  hours,  and  100  mgm.  into 
the  central  and  remainder  of  the  tumor  for 
a  period  of  four  hours.  From  December 
2nd  to  February  ist  we  covered  the  entire 
area  again  by  :r-rays.  On  January  17th  we 

*  He  is  still  well  (November  7,  1921). 
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Fig.    4.  Fig.  5.  Fig.  6. 

Fig.  4.  Case  2.  Advanced  inoperable  carcinoma  of  the  left  breast,  duration  six  years.  Extensive  lymphatic 

involvement  in  the  axilla  and  supraclavicular  regions. 
Fig.  5.  Case  2.  Lateral  \'\q\\  showing  projecting  tumor  mass  and  a  crayon  outline  showing  the  extent  of 

axillary  glandular  involvement. 
Fig.  6.  Case  2.  Showing  disappearance  of  all  evidence  of  malignant  disease  six  months  afterwards  as  a 
result  of  radium  and  .r-ray  treatment.  Fibrous  mass   occupying    region    of    former   tumor   is    movable 
and  will  probabh'  be  removed  later. 


introduced  150  mgm.  of  radium  throughout 
the  tumor  of  the  breast  for  eight  hottrs.  ( 
January  17,  200  mgm.  for  fifteen  hours 
through  other  parts  of  the  tumor  of  the 
breast  and  into  the  axilla.  Between  February 
15th  and  March  2nd  we  gave  the  third 
course  of  .r-ray  treatment.  On  March  23rd 
we  introduced  70  mgm.  of  radium  into  parts 
of  the  tumor  mass  which  still  gave  evidence 
of  malignant  disease,  and  80  mgm.  of  ra- 
dium into  the  lymph  nodes  in  the  axilla.  On 
April  20,  1 92 1,  we  introduced  100  mgm.  of 
radium  for  six  and  a  half  hours  into  the 
only  evidence  of  malignant  disease  which 
was  in  the  axilla,  a  lymph  node  that  did  not 
seem  to  be  completely  reduced  to  fibrous  tis- 
sue, and  on  April  27th  a  general  area  cover- 
ing the  entire  left  supraclavicular  and  mam- 
mary region  was  treated  by  the  roentgen 
rays.  She  now  seems  to  be  free  from  any 
evidence  of  malignant  disease,  but  the  area 
in  the  breast  that  was  formerly  occupied  by 
tumor  tissue  is  now  apparently  a  mass  of 
fibrous  tissue  which  is  movable,  and  which 
we  will  probably  have  removed  surgically 
at  a  later  date.  This  illustrates  the  method 
that  I  believe  shc^uld  be  employed  to  render 
an  inoperable  case  operable.* 

Case  III.  Mrs.  L.  M.  E.  T.,  aged  seventy- 
one,  was  referred  to  me  by  Dr.  Wm.  Erd- 
man,  February  i,  1921.  Two  years  pre- 
viously she  discovered  a  tumor  in  her  right 
breast.  This  had  increased  and  had  become 
more  painful.  At  the  time  that  she  came  for 
examination  she  had  a  tumor  mass  in  the  up- 

*The  fibrous  and  necrotic  area  was  removed  by  the 
thermocautery  by  Dr.  Laplace,  October,  1921.  Pa- 
tient is  in  good  condition  and  there  is  no  evidence 
of  malignant  disease  (November  10,  1921). 


per  inner  quadrant  of  the  right  breast  8  cm. 
in  diameter  and  approximately  5  cm.  in 
thickness.  It  was  undoubtedly  malignant. 
There  was  no  axillary  involvement,  but  in 
this  region  the  likelihood  of  metastasis 
would  be  towards  the  mediastinum.  The  pa- 
tient had  not  told  anyone  of  the  tumor  and 
feared  an  operation.  Considering  the  like- 
lihood of  extension  and  the  duration  of  the 
disease  we  felt  that  her  chances  for  recovery 
were  probably  greater  from  radiation  than 
from  surgical  excision  and  therefore  we  ap- 
plied the  roentgen  rays  very  thoroughly  over 
the  mammary  region  and  from  every  direc- 
tion through  the  chest  toward  the  media- 
stinum. On  ]\Iarch  loth  we  introduced  200 
mgm.  of  radium  into  this  tumor  tissue  for  a 
period  of  six  and  a  half  hours.  On  May  4th 
the  disease  had  practically  disappeared,  but 
there  were  a  few  doubtful  areas  that  we 
felt  might  still  be  malignant.  Therefore  we 
introduced  100  mgm.  of  radium  with  needles 
into  these  suspected  areas  for  a  period  of 
six  and  a  half  hours.  At  the  present  time, 
so  far  as  we  can  tell,  she  is  free  from  dis- 
ease. This  is  not  reported  as  a  cure,  but  il- 
lustrates the  type  of  case  in  which  we  are, 
I  believe,  justified  in  using  radium  treat- 
ment and  in  which  I  believe  we  may  hope 
for  success.  Frankly  I  believe  that  she  will 
recover  and  remain  well,  and  in  this  type  of 
case  I  believe  that  her  chances  are  better  with 
radiation  than  they  would  be  with  opera- 
tion.* 

RECURRENT  AND   METASTATIC   DISEASE 

Recurrent  and  palpable  metastatic  disease 

*She  has  no  palpable  malignant  disease  (November 
9,  1921). 
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Fig.  7.  Case  3.  Carcinoma  in  upper  inner  quadrant 
with  some  evidence  of  mediastinal  disease  in  a 
woman  of  seventy-one  years  of  age,  which  has  en- 
tirely disappeared  under  ;tr-ray  and  radium  treat- 
ment. Duration  of  the  disease,  two  jears.  Finished 
photograph  not  yet  made. 

miL^t  be  treated  according  to  the  principles 
which  are  involved  in  the  preceding  descrip- 
tion. In  general,  recurrent  and  metastatic 
disease  is  the  least  satisfactory  to  be  treated 
by  anv  method,  because  it  is  utterly  impos- 
sible to  decide  definitely  the  extent  of  the 
disease,  but  in  many  instances  most  remark- 
able results  can  be  obtained.  In  a  general 
way,  the  roentgen  rays  should  be  applied  ac- 
cording to  the  methods  described  in  the  pre- 
vious two  groups,  making  every  effort  to  ex- 
tend the  radiation  beyond  the  area  of  the  dis- 
ease. It'  should  be  our  aim  to  give  as  much 
radiation  as  possible  in  the  shortest  period 
of  time  possible  until  the  disease  is  entirely 
gone.  After  the  general  treatment  has  been 
given,  the  localized  and  definitely  palpable 
and  visible  disease  should  be  treated  either 
more  intensely  with  the  roentgen  rays  or 
preferably  when  possible,by  the  introduction 
of  radium  needles  directly  into  the  diseased 
tissue  according  to  the  principles  above  de- 
scribed, or  when  it  is  impractical  to  intro- 
duce these  radium  needles,  surface  applica- 
tions of  radium  should  be  used  with  filtra- 
tion equivalent  to  at  least  a  millimeter  of 
brass  and  with  sufficient  distance  and  time  to 
get  an  effective  distribution  of  the  radiation 
over  the  entire  lesion  involved.  When  ra- 
dium is  not  at  hand,  more  intensive  .r-ray 
treatment  should  be  used,  sufficient  to  des- 
troy the  local  disease.  To  illustrate  this 
group : 

Case  IV.  Mrs.  J-  D-  C,  aged  forty-three, 
was  referred  to  me  by  Dr.  Francis  Sprague, 
on  March  13,  1920.  Her  right  breast  had 
been   removed,   August    10,    1910.    Later   a 


small  ulcer  was  removed  from  the  scar  and 
the  rib  was  scraped  by  the  same  surgeon. 
The  ulcer  in  the  scar  had  not  healed.  On 
March  13,  1920,  she  had  a  nodule  in  the 
right  axilla,  2  cm.  in  diameter  and  i  cm.  in 
thickness,  firmly  attached  to  tile  rib  with  an 
ulcerated  area  in  the  lower  part  of  the  scar 
approximately  5  cm.  in  diameter  with  indur- 
ated edges  and  undoubtedly  malignant.  The 
opposite  breast  was  distinctly  malignant 
with  a  tumor  mass  the  size  of  half  a  hen's 
Qgg  and  lymph  nodes  from  i  to  2  cm.  in 
diameter  extending  along  the  entire  anterior 
fold  of  the  axilla,  with  nodules  in  the  left 
axilla  and  the  left  supraclavicular  region, 
with  distinct  evidence  of  malignant  disease 
within  the  mediastinum  and  with  pains  and 
numbness  extending  down  the  thigh. 

The  patient  was  first  treated  very  thor- 
oughly over  the  entire  chest  anteriorly  and 
posteriorly  and  the  treatment  was  carried 
along  the  spine  entirely  down  to  and  includ- 
ing the  pelvis.  This  preliminary  .r-ray  treat- 
ment required  approximately  a  month,  and 
as  a  matter  of  fact  was  practically  continu- 
ous at  intervals  of  a  few  days  during  a  per- 
iod of  two  months,  during  which  time  the 
entire  body  was  covered  twice.  Radium  was 
applied  locally  over  the  ulcerated  area  by 
surface  application  and  over  the  lymph  node 
in  the  right  axilla.  In  the  left  breast  and  ax- 
illary region  radium  needles  were  inserted 
throughout  the  tumor  tissue.  This  radium 
treatment  \Aas  all  given  within  a  period  of 
two  months,  when  all  palpa1)le  evidence  of 
disease  had  disappeared.  Her  chest  has  been 
radiated  by  the  roentgen  rays  three  times 
since,  the  last  treatment  being  given  in  No- 


Fig.  8.  Case  4.  Showing  disappearance  of  all  evidence 
of  malignant  disease  and  healing  of  the  ulcer  de- 
scril)cd  in  the  text.  Tumor  mass  in  the  lireast  and 
hmph  nodes  in  both  axilla  and  supraclavicular  re- 
gion disappeared.  Primar\'  photograph  not  made. 
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A.  B. 

Fig.  9A.  Case  6.  Showing  complete  destruction  of  the  kimhar  vertelira   due   to  metastatic   carcinoma   sec- 
ondary to  carcinoma  of  the  breast. 
Fig.  9B  Case  6.  Showing  complete  recalcification  and  healing    of    the    vertebra    one    year    later.    Patient 
doing  general  housew-ork  three  years  later,  and  free  from  disease. 


vember,  1920.  All  palpable,  visible  and  roent- 
genographic  evidence  of  disease  has  disap- 
peared, and  so  far  as  I  can  tell  she  is  free 
from  disease  today. 

Case  V.  Mrs.  G.  H.  G.,  aged  fifty-two. 
was  referred  to  me  on  March  30,  191 2,  by 
Dr.  John  B.  Deaver,  on  account  of  recurrent 
carcinoma  following  an  operation  for  re- 
moval of  the  right  breast  four  months  pre- 
viously. When  referred  to  me  she  had  had 
an  area  of  recurrence  with  indurated  tissue 
at  the  inner  side  of  the  scar  over  an  area  3  x 
15^  inches,  and  each  stitch  hole  showed 
thickened  tissue.  The  arm  was  swollen.  The 
whole  area  was  painful  and  the  lungs 
showed  some  fine  miliary  infiltration.  Un- 
der thorough  radiation  this  disease  disap- 
peared completely  within  a  period  of  a  year 
and  has  never  recurred.  She  reported  from 
time  to  time  for  inspection,  but  it  was  un- 
necessary to  give  more  treatment  until  Sep- 
tember 26,  1 91 9,  or  seven  years  later,  when 
she  returned  on  account  of  pains  in  the  re- 
gion of  the  left  shoulder  and  upper  dorsal 
regions.  At  this  time  examination  of  the 
chest  showed  nothing  within  the  lung  area 
that  suggested  carcinoma.  There  was  no  evi- 
dence of  disease  of  any  kind  in  the  left  hu- 
merus or  the  left  shoulder  joint,  but  there 
was  disease  involving  the  sixth,  seventh  and 
eighth  dorsal  vertebrae,  which  I  believed  to 
be  metastastic  carcinoma.  She  had  associated 
with  this  some  evidence  of  an  osteoarthritis 
of  the  spine,  and  it  was  impossible  to  say 


definitely  whether  this  was  metastatic  carci- 
noma or  not,  but  I  believed  it  to  be  so.  Un- 
der .r-ray  treatment  all  symptoms  and  evi- 
dence of  disease  disappeared  and  she  re- 
ceived no  treatment  for  at  least  six  months. 
This  illustrates  in  an  indisputable  manner, 
the  disappearance  of  recurrent  disease  under 
the  influence  of  the  .r-rays.  It  also  illustrates 
the  fact  that  metastatic  disease  may  still  de- 
velop in  some  other  part  of  the  body  which 
may  require  treatment,  but  even  when  such 
disease  develops  as  long  as  seven  years  after, 
it  need  not  be  considered  hopeless. 

Case  V'I.  Mrs.  C.  P.,  aged  forty-three, 
was  referred  to  me,  March  27,  191 8,  by  Dr. 
C.C.  McCormick.  Dr.  John  B.  Deaver  ampu- 
tated the  right  breast  for  carcinoma,  March, 
191 7.  After  the  operation  and  during  eight 
or  nine  months  the  patient  had  pains  in  the 
spinal  region.  She  had  been  bedfast  for  fif- 
teen weeks  before  being  admitted  to  the  hos- 
pital, and  came  to  the  hospital  on  a  stretcher. 
A'-ray  examination  showed  destructive  dis- 
ease, undoubtedly  metastatic  carcinoma,  in- 
volving the  eighth  dorsal  vertebra  with  al- 
most complete  destruction  of  the  second 
lumbar  vertebra.  The  patient  was  sent  to  the 
hospital  against  my  advice  and  without  my 
permission  because  from  the  history  I 
judged  that  she  would  be  a  hopeless  case, 
for  it  is  my  opinion  that  when  carcinoma  in- 
volves the  bones  it  must  be  looked  upon  as  a 
part  of  a  general  carcinomatosis,  and  while 
one  may  get  local  healing  in  the  lesion  act- 
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ually  under  treatment,  the  great  hkelihood  is 
that  the  disease  will  have  extended  beyond 
the  actual  areas  which  are  treated.  This  sub- 
ject has  been  discussed  in  detail  in  a  previous 
paper.^  Under  the  circumstances,  however, 
she  was  treated  over  the  entire  spine  anter- 
iorly and  posteriorly.  In  fact,  the  entire  body 
was  covered  by  treatment,  not  including  the 
extremities.  After  a  month  the  patient  was 
placed  in  a  celluloid  jacket  and  allowed  to 
get  out  of  bed.  In  six  months  she  was  doing 
her  own  housework,  including  her  washing 
and  ironing  and  has  continued  to  do  this 
ever  since.  She  has  been  given  eight  courses 
of  treatment  and  was  treated  last  on  Sep- 
tember 27,  1920.  An  A'-ray  examination  of 
the  spine  and  other  bones  of  the  body  on 
May  19,  1921  showed  no  evidence  of  dis- 
ease anvwhere  in  the  bones.  She  had  gall- 
bladder symptoms  which  brought  her  back 
to  the  office,  and  .r-ray  examination  showed 
some  enlargement  of  the  liver.  Whether  this 
is  due  to  metastatic  carcinoma  or  not  I  can- 
not say,  but  the  fact  remains  that  she  has 
lived  at  least  three  years  longer  than  she 
could  possibly  have  lived  otherwise,  and  is 
still  in  fair  health.  It  is  entirely  possible  for 
a  patient  who  has  had  carcinoma  to  develop 
some  inflammatorv  condition  of  the  liver 
just  as  any  other  patient  might  do,  though 
after  such  history  one  naturally  thinks  of 
the  possibility  of  metastatic  carcinoma  of 
the  liver. 

CONCLUSIONS 

1.  Roentgenologists  should  make  a  study 
of  carcinoma  of  the  breast  and  its  treatment 
with  the  same  thoroughness  that  the  surgeon 
has  employed. 

2.  The  best  procedure  for  the  treatment 
of   primary   carcinoma   of   the   breast   will 


probably  consist  of  ante-operative  Jir-ray 
treatment  followed  promptly  by  an  opera- 
tion, and  again  promptly  by  postoperative 
^-ray  treatment. 

3.  For  inoperable  primary  carcinoma  of 
the  breast  a  reasonable  hope  of  success  can 
be  entertained  as  a  result  of  radiation  treat- 
ment by  roentgen  rays  and  by  radium,  pro- 
viding it  is  skillfully  and  thoroughly  used; 
and  the  earlier  it  is  applied  the  greater  will 
be  the  success. 

4.  Recurrent  and  metastatic  carcinoma 
from  carcinoma  of  the  breast  can  frequently 
be  made  to  disappear  completely  by  thorough 
and  skillful  application  of  either  radium  or 
.r-ray,  but  probably  better  by  a  combination 
of  both,  and  success  can  be  hoped  for  pro- 
viding the  disease  is  localized  to  the  area 
treated. 

5.  All  patients  should  be  kept  tmder  ob- 
servation and  should  be  recjuested  to  report 
for  examination  at  increasing  intervals  for 
an  indefinite  time. 
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RADIUM  IN  THE  TREATMENT  OF  CARCINOMA  OF  THE 
BREAST  AS  AN  ADJUNCT  TO  SURGERY* 

By  ben  R.  KIRKENDALL,  M.D. 

COLUMBUS,    OHIO 


DURING  the  four  years  preceding  Janu- 
ary I,  1921,  I  treated  a  total  of  817  pa- 
tients with  radium.  The  109  cases  of  cancer 
of  the  breast  reported  in  this  paper  are  taken 
from  this  list.  The  cases  in  this  report  have 


been  followed  to  April  i,  1921.  All  but 
twelve  of  these  were  treated  since  1918. 

They  naturally  divide  themselves  into  the 
following  classes: 

I.   Postoperative  radium  cases ;  i.e.,  cases 
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in  which  radium  was  used  directly  after  a 
radical  operation.  There  were  43  of  these 
cases. 

2.  Postoperative  recurrence  cases;  i.e., 
those  cases  which  had  had  a  radical  opera- 
tion some  time  previously,  and  a  recurrence 
before  radium  was  used.  There  were  44  of 
these  cases. 

3.  Non-operative  cases.  Six  too  hopeless 
for  any  surgery,  and  4  which  refused  any 
operative  intervention — 10  in  all. 

4.  Cautery  only  cases.  The  disease  being 
too  far  advanced  for  any  other  surgery. 
There  were  four  in  number. 

5.  Pre-operative  and  postoperative  ra- 
dium cases ;  8  in  number. 

An  analysis  of  these  109  cases  shows: 
that  II  were  unimproved;  29  improved  for 
three  months;  12  improved  for  six  months; 
6  improved  for  nine  months;  14  improved 
for  one  year  or  longer;  5  are  free  from 
disease  for  three  months ;  7  for  six  months ; 
4  for  nine  months;  9  for  one  year;  4  for 
one  year  and  a  half;  2  for  two  years;  2  for 
tw^o  and  a  half  years;  i  abandoned  treat- 
ment ;  4  are  totally  untraced ;  6  are  partially 
traced;  14  had  metastases.  Other  than  axil- 
lary ;  3  died  from  intercurrent  disease ;  2  had 
radium  used  before  operation;  7  died  within 
three  months ;  1 7  died  in  six  months ;  7  died 
in  nine  months ;  4  died  in  one  year ;  5  in  one 
year  and  a  half;  3  in  two  years;  53  patients 
are  still  living. 

One  of  the  cases  in  the  postoperative  class 
was  a  male —  a  Christian  Scientist,  who  had 
nursed  an  ulcerating  pus-discharging  sinus 
in  his  breast  for  three  years  before  he  sul)- 
mitted  to  surgery  and  radium.  He  recovered 
his  health  for  well  over  a  year,  abandoned 
his  treatments,  returned  to  his  Christian 
Science  love,  had  a  recurrence  and  died  in 
a  year  and  a  half  after  his  operative  pro- 
cedure. 

One  of  the  cases  in  the  postoperative  class 
with  cancer  of  the  vulva  and  who  had  been 
well  from  same  for  two  years,  had  an  in- 
complete operation  for  cancer  of  the  breast. 
This  cancer  had  resulted  from  a  kick  of  a 
cow  ten  years  previously.  She  had  a  recur- 
rence in  the  breast  wound  before  she  left 
the  attending  surgeon's  hospital.  She  im- 
proved temporarily  after  radium  therapy, 
but  died  from  the  later  cancer  in  six  month's 
time. 


No  case  was  too  far  advanced  to  be  re- 
fused treatment.  Twenty-six  cases,  includ- 
ing the  6  previously  mentioned  that  could 
have  no  operation,  were  apparently  hopeless, 
the  other  20  being  taken  out  of  the  recurrent 
cancer  cases.  The  analysis  shows,  however, 
that  only  11  of  the  entire  list  were  unim- 
proved. 

One  patient  had  a  cancer  paste  used  un- 
successfully on  an  axillary  recurrence  before 
her  radium  therapy.  She  now  seems  well 
one  year  after  her  treatment. 

Of  the  cases  submitted  to  cautery,  2  were 
cauterized  before  radium  and  2  were  cau- 
terized after  previous  radium  treatment. 

Seven  of  the  8  cases  listed  under  pre- 
operative and  postoperative  radium  therapy 
are  classified  as  acute  fulminating  carcinoma 
of  the  breast ;  i.e.,  a  condition  in  which  there 
is  a  widespread  involvement  of  the  breast, 
with  a  rapidly  growing,  recent  or  acute  vir- 
ulent cancerous  process,  with  axillary  metas- 
tases—  a  fixity  of  these  glands  and  often  a 
supra-  or  subclavicular  involvement —  a  con- 
dition which  is  recognized  by  good  surgeons 
as  being  hopeless  for  surgery  alone.  Five  pa- 
tients with  this  variety  of  cancer  are  living 
today ;  at  least  2  seem  to  be  well  over  a  year 
after  their  operations;  one  such  case  died 
with  a  metastasis  of  the  liver,  which  she 
must  have  had  before  her  surgery  and  ra- 
dium. Up  to  the  time  of  her  death,  several 
months  after  her  treatment,  she  had  no  re- 
currence in  the  breast  area.  The  other  pa- 
tient who  died  did  develop  a  recurrence  in 
the  breast  area,  which  caused  her  death  in 
five  months.  The  eighth  case  which  had  pre- 
operative and  postoperative  radium,  was  a 
case  of  long  standing  carcinoma,  with  axil- 
lary and  supraclavicular  metastases.  She  im- 
proved so  much  after  radium  alone  that  she 
was  submitted  to  cautery  of  the  breast  area, 
after  which  she  was  again  treated  with  ra- 
dium, and  appears  well  eight  months  after 
her  treatment,  her  supraclavicular  and  axil- 
lary involvement  disappearing  from  radium 
treatments  alone. 

One  of  the  fulminating  cases  had  numer- 
ous superficial  skin  recurrences,  which  re- 
quired frequent  extra  treatments.  She  is  a 
fat,  heavy-eating  Jewess,  and  her  indiscre- 
tion with  her  diet,  accompanied  by  a  radium 
skin  reaction,  has  left  her  with  a  widely  dif- 
fuse eczematous  dermatitis  over  the  whole 
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breast  area.  She  is  slowly  recovering  from 
this  trouble.  The  fact  that  she  has  this  ec- 
zematous  process  affecting  both  ears,  re- 
lieves the  radium  from  some  of  the  blame 
for  the  superimposed  condition. 

The  results  we  seem  to  be  getting  in  this 
hopeless  fulminating  variety,  are  the  real 
excuse  for  this  paper.  It  really  converts  one 
to  the  idea  that  many,  if  not  all,  of  the  sup- 
posedly good  surgical  risks,  should  be  sub- 
mitted to  both  pre-  and  postoperative  irradi- 
ations with  radium. 

Of  the  43  cases  submitted  to  operation, 
the  first  5  were  in  their  thirties;  11  were 
in  their  forties;  19  were  in  their  fifties  and 
8  in  their  sixties. 

Of  those  which  had  pre-and  postoperative 
treatment,  3  were  in  their  forties;  3  in  their 
fifties,  and  2  in  their  sixties. 

Of  those  which  had  recurrences,  cautery 
only,  or  no  surgery,  6  were  in  their  thirties ; 
17  in  their  forties;  19  in  their  fifties;  3  in 
their  sixties,  and  3  in  their  seventies — the 
youngest  being  thirty  years  of  age.  Contrary 
to  expectations,  and  unlike  the  cases  of  can- 
cer of  the  cervix  and  uterus,  the  results  ob- 
tained in  the  youthful  patients,  who  had 
radical  operations,  have  been  almost  as  good 
as  with  patients  in  the  normal  cancer  age. 
One  patient  thirty-one  years  of  age,  opera- 
ted last  September,  and  with  no  recurrence 
to  date,  has  just  returned  with  a  cancer  of 
the  opposite  breast.  She  has  had  this  breast 
removed,  and  is  receiving  her  postoperative 
radium  therapy  now.  Twenty-five  patients 
of  the  43  treated  after  radical  operations, 
are  living.  Many  are  apparently  free  from 
disease. 

Patients  in  the  thirties,  who  had  recur- 
rences before  treatment,  did  not  do  so  well, 
but  the  results  in  all  the  recurrent  cases  have 
not  been  as  good  as  when  radium  was  used 
directly  after  surgery.  Fifteen  patients  in 
the  recurrence  class  are  living. 

Only  the  patients  who  had  distant  deep 
metastases,  were  submitted  to  .r-ray  therapy 
in  conjunction  with  their  radium  treatment. 

DOSAGE 

After  trying  various  doses  of  radium, 
variously  screened,  on  the  postoperative 
cases,  using  as  a  minimum  50-75  mgm.  in 
a  pack  and  a  maximum  dosage  of  250  mgm., 
it  was  finallv  decided  that  the  best  results 


Avere  obtained  by  the  use  of  a  100  mgm.  sur- 
face pack,  made  up  of  4,  25  mgm.  tubes, 
each  screened  with  a  im.  brass  cylinder. 
These  tubes  are  placed  side  by  side  between 
double  thickness  of  black  vulcanizing  rub- 
ber which  is  cured  only  on  one  side ;  cutting 
along  on  each  of  the  four  sides  with  a  pair 
of  scissors,  makes  a  self-sealing  pack.  The 
gauze  dressing  on  the  patient  is  arranged  to 
make  a  thickness  of  i  cm.,  and  squares  the 
size  of  the  pack  are  marked  on  top  of  the 
binder.  The  whole  breast  axillary  and  clavi- 
cular areas  each  receives  a  four  hour  applica- 
tion with  this  pack. 

Depending  on  the  size  of  the  patient,  22  to 
30  areas  are  treated,  granting  a  day  of  rest 
between  each  twenty-four  hour  application. 
At  the  time  of  the  operation,  if  there  hass 
been  an  incomplete  axillary  gland  removal, 
or  if  the  axillary  gland  involvement  has  been 
extensive,  a  black  rubber  drainage  tube,  the 
diameter  of  a  lead  pencil,  with  a  closed  end 
and  fenestrated  sides,  is  sewed  in  place  for 
the  future  insertion  of  radium  capsules. 
Fifty  to  100  mgm.  of  radium  unscreened,  or 
screened  with  i  mm.  brass,  is  fastened  on 
wires  and  inserted  full  depth  into  this  tube, 
and  left  in  situ  eight  to  ten  hours,  depending 
on  the  condition.  If  the  area  which  the  tube 
penetrates  is  sufficient  in  length  to  rec^uire 
moving  the  radium,  it  is  a  simple  matter  to 
pull  the  wires  and  bend  them  over  the  end 
of  the  tube.  As  the  radium  sets  up  quite  a 
reaction  when  used  in  this  manner,  it  is 
necessary  to  remove  the  rubber  radium  tube 
gradually  to  allow  for  drainage.  If  the  tube 
is  removed  too  suddenly,  retained  secretion 
will  simulate  an  abscess,  materially  delaying 
healing. 

It  is  quite  necessary  that  the  patient 
be  instructed  to  freely  and  forcedly  use 
the  arm,  after  such  a  procedure,  to  prevent 
scar  tissue  formation  in  the  axilla,  and  re- 
sultant limited  motion  and  painful  swelling 
of  the  arm.  We  have  these  patients  stand 
side-wise  to  a  wall,  with  the  arm  extended, 
and  have  them  endeavor  to  reach  a  higher 
mark  on  the  wall  with  the  fingers,  each  day. 

The  treatment  used  in  the  pre-  and  post- 
operative cases,  consists  in  using  the  same 
surface  pack  in  the  manner  described  above; 
there  is  this  difference — i  ^  to  2  cm.  of 
gauze  is  used  between  the  radium  and  the 
patient,   and  the  areas  are  covered  twice, 
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just  before  the  operation,  and  immediately 
afterwards,  and  the  pack  is  moved  every 
three  hours  instead  of  four  hours.  There  is 
more  or  less  skin  reaction  after  such  a 
double  exposure,  but  the  healing  of  the 
wound  is  not  interfered  with  to  any  extent, 
and  the  radium  reaction  of  the  skin  general- 
ly responds  to  the  use  of  ambrine  or  parre- 
sine  wax  dressings,  as  is  used  for  heat  burns. 

In  treating  the  recurrences,  a  50  to  75 
mgm.,  pack  with  the  brass  screen,  rubber  and 
little  or  no  gauze  is  applied  to  each  recur- 
rence area,  three,  four  or  five  hours ;  or  ra- 
dium needles  or  tubes  are  imbedded  for  three 
to  eight  hours  as  the  case  may  require.  A 
Wassermann  is  run  on  all  these  patients,  and 
an  .r-ray  picture  of  the  thorax  in  advanced 
cases  is  made  to  eliminate  bone  and  lung 
metastases. 

A"-ray  pictures  have  disclosed  metastases 
in  the  vertel^rae  or  bony  pelvis,  in  several  pa- 


tients suffering  with  pelvic  and  lumbar  pain. 
When  a  case  is  so  far  advanced  as  to  have 
such  metastases,  little  or  no  benefit  has  been 
obtained  from  deep  .r-ray  and  radium  ther- 
apy ;  they  have  all  died  rather  promptly. 

CONCLUSIONS 

1.  Radium  therapy,  after  a  radical  opera- 
tion for  cancer  of  the  breast,  greatly  lessens 
the  chances  of  recurrence. 

2.  In  local  recurrences  of  breast  cancer, 
its  use  often  meets  with  success. 

3.  In  the  non-operative  cases — those 
which  were  inoperable,  and  those  which 
would  not  submit  to  surgery — the  results  ob- 
tained by  radium  treatment  alone  encourage 
one  to  its  continued  use. 

4.  The  pre-operative  and  postoperative 
use  of  radium  in  cancer  of  the  breast,  is 
highly  recommended,  particularly  in  the 
virulent  cases. 


DISCUSSION  OF  PAPERS  OF  DRS.  KIRKENDALL  AND  PFAHLER 


Dr.  Charles  Goosman,  Cincinnati,  Ohio.  I 
wish  to  know  whether  in  using  radium  Dr. 
Kirkendall  gets  a  uniform  tanning  of  the  chest 
or  patches.  In  other  words,  whether  the  results 
are  as  good  as  with  x-i'slys.  I  have  always  pre- 
ferred .r-rays  to  radium,  except  perhaps  in  the 
axilla,  and  I  would  like  to  have  Dr.  Goosman 
explain  that  part  of  it. 

Dr.  Isaac  Levin,  New  York  City.  In  regard 
to  the  combination  treatment  with  radium  and 
surgery  in  carcinoma  of  the  breast,  I  believe 
that  the  new  method  of  inserting  radium 
emanation  needles  into  the  tumor  mass,  two  or 
three  or  perhaps  four  weeks  before  the  opera- 
tion is  done,  offers  a  method  which  may  in- 
crease the  number  of  operable  cases  of  carci- 
noma of  the  breast.  In  several  cases  that  have 
appeared  to  be  inoperable  we  have  used  that 
combined  method  of  inserting  radium  needles 
into  the  mass  of  the  tumor  and  in  the  axillary 
glands  that  are  far  enough  away  from  the 
blood-vessels,  with  the  result  that  in  several 
cases  the  results  seem  very  good  ;  and  I  believe 
the  ultimate  results  will  probably  be  superior 
to  surgery  alone,  because  microscopic  analysis 
shows  that  the  carcinoma  in  tlie  primary  mass 
has  practically  disappeared. 

I  have  here  a  specimen  which  shows  the 
gross  change  in  the  mass  around  the  radium 
emanation  needle.  You  will  see  a  great  deal  of 


bloody  extravasation,  and  if  you  look  closely 
near  the  center,  the  necrotizing  area  of  the 
carcinoma.  If  you  place  a  sufficient  number  of 
radium  emanation  needles  of  i  mgm.  or 
V2  mgm.  in  the  tumor,  it  will  show  that  the 
whole  tumor  mass  is  filled  with  such  areas. 

Dr.  D.  T.  Quigley,  Omaha,  Neb.  I  think  we 
should  not  pass  over  these  papers  without  some 
reference  to  Paget's  disease.  I  wish  to  report 
that  during  the  last  seven  years  I  have  been 
engaged  in  radium  treatment ;  in  the  first  three 
years  I  encountered  6  cases  of  Paget's  dis- 
ease. Another  point  we  have  been  overlooking 
is  the  pathology  involved  in  these  cases.  We  do 
not  study  enough  pathology  and  if  we  under- 
stood it  a  little  better  we  would  get  better  re- 
sults. Paget's  disease  is  a  particularly  malig- 
nant thing,  probably  the  most  malignant  dis- 
ease of  the  breast,  and  we  should  always 
remember  that  these  patients  are  subject  to 
this  disease.  During  my  first  three  years  I 
encountered  six  women  who  refused  opera- 
tion. Today  four  of  these  women  are  still  liv- 
ing, 66  per  cent  cures.  They  have  had  no  treat- 
ment but  radium  on  the  Paget  nipple.  They 
were  all  typical  cases  of  Paget's  disease,  with 
the  erosion  and  the  punched-out  condition,  but 
no  involvement  of  the  glands.  Pathologists 
have  been  discussing  whether  this  condition 
besiins  on  the  outside  and  works  in  or  on  the 
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inside  and  works  out.  Personally,  I  think  it 
begins  on  the  outside  and  works  in,  and  m}' 
results  in  these  cases  have  borne  out  this  be- 
lief. We  used  50  mgm.  directly  on  the  ulcer, 
screened  only  by  V2  mm.  of  silver  and  V2.  mm. 
of  rubber.  This  is  a  particularly  small  dose. 

The  technique  of  these  breast  cases  in  gen- 
eral is  interesting.  I  believe  they  should  be  sub- 
mitted to  operation.  I  still  operate  on  Paget's 
disease  when  the  women  will  submit,  and  I 
believe  they  should  be  operated  but  that  they 
should  be  submitted  to  operation  first.  In  the 
breast  we  use  .a'-rays  and  in  the  axilla  radium. 
I  believe  Dr.  Kirkendall  is  a  little  small  in  his 
doses.  W'e  use  about  four  times  as  large  a  dose 
as  his,  following  operation,  and  get  no  swelling 
in  the  arm.  We  do  not  remove  as  much  muscle, 
but  we  believe  in  pre-raying. 

As  to  the  point  brought  up  by  Dr.  Levin, 
that  they  should  be  operated  three  weeks  after 
raying, — I  don't  care  if  they  are  operated  three 
hours  after  raying.  The  thing  we  are  after  in 
the  raying  is  the  cells  that  are  disengaged, 
floating  perhaps  in  the  lymph  or  blood  stream, 
disengaged,  floating  cancer  cells,  that  would 
implant  themselves  very  easily  without  raying. 
They  are  the  things  that  give  us  the  recur- 
rences, and  if  we  kill  them  we  have  delivered 
the  proper  dose  to  the  cells.  Immediately  we 
are  through  with  each  raying,  it  does  not  make 
any  difference  whether  the  operation  takes 
place  in^three  hours  or  three  weeks,  except  that 
at  the  end  of  three  weeks  we  have  some  scar 
tissue,  which  we  do  not  have  in  the  early  days. 

Dr.  Douglas  Quick,  New  York  City.  It 
seems  to  me  that  in  this  group  of  cases  we 
have  very  definite  fields  for  .r-rays  on  the  one 
hand  and  radium  on  the  other.  X-rays  lend 
themselves  to  distribution  over  a  wide  surface, 
while  radium  is  confined,  at  present,  verv 
largely  to  local  application.  I  think  .ar-rays  are 
our  routine  method  and,  barring  that  small 
group  that  should  not  be  treated  by  any  means, 
should  be  used  in  ever}-  case.  In  localized 
masses  that  are  not  to  be  operated  upon  we 
can  use  radium  to  the  best  advantage.  The  type 
of  the  nodule  determines  whether  surface  ap- 
plication, or  radium  buried  in  some  form 
should  be  used.  In  our  work  M^e  use  radium 
buried  in  all  of  the  localized  nodules  possible. 
I  see  no  reason  why  the  radium  salts  in  tubes 
should  not  have  the  same  advantage.  Then  we 
can  determine  exactly  what  we  wish  to  accom- 
plish by  the  treatment.  I  do  not  think  we  should 
first  use  ^--rays  and  then  stick  some  needles  in 
and  eventually  operate.  We  have  to  change  our 
plan  occasionally,  but  we  can  usually  map  out 
a  plan  of  procedure  at  the  beginning. 

I  thoroughly  agree  with  Dr.  Pfahler  as  to 


pre-operative  radiation,  and  should  like  to 
know  whether  he  operates  soon  or  late.  In  our 
work  we  have  not  found  marked  histological 
changes  until  upward  of  a  month.  I  think  it 
is  important  to  get  these  changes  before  any 
surgical  intervention.  Much  depends  on  what 
you  wish  to  accomplish  by  the  raying.  I  believe 
that  our  views  of  operable  cases  will  be  steadily 
but  surely  changed  when  we  consider  the  sta- 
tistics to  date.  I  think  the  most  reliable  surgical 
statistics,  when  the  axillary  nodes  are  involved, 
give  the  patient  one  chance  in  twenU-five  of 
being  alive  eight  }ears  later.  There  are  still  a 
certain  number  of  patients  who  absolutely  re- 
fuse operation,  and  others  in  whom  operation 
is  contraindicated.  In  these  I  think  the  radium 
emanation  or  the  tubes  buried  in  the  tumor 
are  of  the  greatest  value.  In  view  of  our  experi- 
ence, I  am  not  so  sure  that  we  should  urge  un- 
reasonable operative  intervention.  There  are 
other  cases,  again,  where  the  very  widespread 
distribution  of  the  disease,  I  think,  prohibits 
the  use  of  very  much  emanation,  especially 
where  there  is  much  sloughing  of  tissue,  and 
the  danger  of  introducing  infection  is  to  be 
considered.  So  I  think  we  should  use  x-rays  in 
every  case,  just  as  though  no  radium  were  to 
be  used.  WHien  we  use  radium  it  is  an  agent 
added  to  the  .r-ray. 

Dr.  Henry  K.  Pancoast,  Philadelphia,  Pa. 
Dr.  Ouigley  made  a  statement  a  little  Avhile  ago 
that  I  would  like  to  hear  discussed.  He  stated 
that  it  made  no  difference  whether  a  case  was 
operated  within  a  few  hours  or  several  weeks 
after  ante-operative  radiation.  We  have  to  con- 
sider two  points  :  first,  the  complete  destruction 
of  the  cancer  cells  by  the  pre-radiation  and  the 
protection  that  gives  the  patient  and,  second, 
w^hether  or  not  it  is  true  that  pre-operative 
radiation  will  set  up  the  body  defense  against 
metastases  by  closing  the  lymphatics.  If  the 
latter  point  has  any  value  we  must  certainly 
wait  a  little  while  before  operation  is  per- 
formed, because  the  lymphatics  will  not  be 
closed  off  within  a  few  hours.  If  there  is  no 
value  in  closing  the  lymphatic  channels,  it 
will  make  no  difference  whether  we  operate 
at  once  or  wait  for  a  time. 

Dr.  John  Lincoln  Bower,  Philadelphia,  Pa. 
In  reference  to  the  remarks  made  by  Dr.  Pan- 
coast,  I  have  had  an  opportunity  to  study 
some  microscopic  specimens  where  there  were 
glands  in  the  axilla,  and  we  found  that  where 
the  cases  were  operated  within  twenty-four 
hours  practically  no  fibrous  change  at  all  was 
present.  If  these  cases  were  permitted  to  go  on 
and  wait  for  a  month  there  would  be  a  fibrous 
chansfe.  If  the  needles  were  nllowed  to  remain 
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for  forty-eight  hours  there  was  distinctly 
changed  tissue.  This  was  noticed  in  the  car- 
cinoma, where  the  capsule  had  been  increased 
in  thickness  about  three  times,  and  the  gland 
had  been  reduced  in  size.  The  needles  contained 
each  2^/2  mgm.,  applied  for  twenty-four  to 
forty-eight  hours. 

Dr.  Henry  Schmitz,  Chicago,  111.  I  think 
it  depends  upon  how  much  radiation  is  ab- 
sorbed, whether  one  uses  .jr-rays  or  radium.  If 
the  absorbed  dose  is  sufficient  to  kill  the  cell, 
all  right ;  if  not,  it  might  stunt  its  growth.  The 
question  is  whether  we  wish  to  have  the  stunt- 
ing of  the  cell,  or  whether  we  wish  to  wait  for 
the  development  of  the  toxin  which  protects 
the  patient  against  the  further  invasion  of  the 
carcinoma.  I  feel  that  the  radiation  must  be 
given  to  the  extent  that  it  kills  all  the  cancer 
tissue.  If  all  the  cancer  tissue  is  killed  I  do  not 
think  there  is  any  necessity  for  operation.  If 
the  cancer  tissue  has  disappeared  entirely,  I 
consider  the  patient  well  and  believe  that  I  have 
obtained  as  good  a  result,  or  probably  better, 
than  would  be  possible  with  surgery  and  I 
would  not  do  an  unnecessary  operation.  If  you 
feel  you  must  operate,  it  seems  to  me  this 
should  be  done  at  the  time  when  the  patient 
has  obtained  the  full  benefit  of  the  radiation. 
This  will  surely  not  be  obtained  within  one  day 
or  two  or  three,  but  in  my  opinion,  from  four 
to  six  weeks  will  elapse  before  the  patient  has 
obtained  the  full  benefit  against  the  further 
spread  of  cancer. 

After  all  has  been  said,  we  must  realize  that 
our  results  in  radiation  therapy  will  improve 
and  be  much  better  than  they  have  been  if  the 
radiation  is  applied  in  the  localized,  or  practi- 
cally localized,  cases.  When  metatases  have 
formed  it  is  impossible  for  us  to  state  a  priori 


whether  a  patient  is  suffering  from  a  general 
cancer  disease.  If  from  a  general  cancer  dis- 
ease, the  patient  cannot  be  benefited  Ijut  will 
be  rendered  worse  by  operation ;  I  believe  those 
who  have  treated  the  most  cases  will  agree  with 
me  on  this  point. 

Dr.  Ben  R.  Kirkendall,  Columbus,  O. 
(closing  discussion  on  his  paper).  Answering 
the  question  about  the  tanning,  when  radium 
plaques  are  used  the  tanning  reaction  is  very 
generally  distributed  after  such  a  treatment. 
The  patients  get  blisters  and  a  thickening  of 
the  skin,  two  or  three  times  as  much  as  should 
be,  but  this  disappears  in  two  or  three  months. 
In  burying  the  radium  in  the  cancer  and  giv- 
ing 100  mgm.  for  twenty-four  hours,  I  have 
tried  to  give  twelve  hours  unscreened.  Some 
of  these  cases  get  a  great  deal  of  reaction 
and  do  not  heal  as  well  as  others  ;  in  some  there 
was  a  fibrosis  of  the  tissue,  eventually  thrown 
into  the  axilla  and  limited  to  the  arm,  with  re- 
sulting shutting  off  of  the  swelling  in  the  arm 
and  some  pain ;  some  get  along  well  with  the 
shorter  dosage  and  some  do  not. 

As  to  the  advisability  of  operating  immedi- 
ately after  the  radium  therapy, — we  adopted 
that  plan  thinking  it  would  prove  curable,  or 
inhibit  the  cancer  cells,  and  that  we  would 
catch  the  ones  that  were  not  killed  by  the  little 
dose  of  radium. 

I  agree  with  Dr.  Quick  about  burying  needles 
for  ten  or  twelve  hours,  depending  upon  the 
condition.  That  can  be  done  with  very  good 
success,  and  we  can  move  them  about  to  dif- 
ferent parts  of  the  growth  until  we  cover  the 
whole  thing.  If  we  think  the  patient  has  a 
generalized  carcinomatosis,  or  metastases  other 
than  in  the  subclavicular  or  axillary  spaces, 
those  cases  are  not  operated  upon. 
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IN  THE  past  the  problem  of  dosage  in 
radium  therapy  has  been  treated  primar- 
ily, and  almost  exclusively,  on  the  basis  of 
the  radiation  emitted  by  the  radioactive 
source.  Obviously,  however,  it  is  only  the 
radiation  absorbed  by  the  irradiated  tissue 
which  is  responsible  for  the  observed  effects. 
Radiant  energy,  like  any  other  form  of  en- 
ergy, may  be  expressed  in  ergs,  calories, 
joules,  etc.,  there  being  many  different  units 
of  energy.  To  specify  the  amount  of  radia- 
tion absorbed  by  tissue,  we  may  use,  there- 
fore, any  one  of  these  units,  or  define  an 
entirely  new  one.  In  the  present  paper  is 
suggested  a  method  of  dosage  based  on  the 
radiant  energy  absorbed  by  tissue,  measured 
in  calories.  Calculations  were  made  which 
show  the  feasibility  of  the  method  and  its 
advantages. 

The  medical  man  is  familiar  with  the  Law 
of  Conservation  of  Energy  on  account  of  its 
application  to  the  thermodynamics  of  the 
human  system.  He  knows  that  exhaustive 
calorimetric  experiments  have  shown  that 
the  amount  of  energy  appearing  as  heat  and 
mechanical  work  is  exactly  the  same  as  the 
amount  produced  in  the  chemical  changes 
which  food  undergoes  in  the  system.  The 
physicist  believes  in  this  law  because  up  to 
the  present  not  one  single  instance  has  been 
found  in  which  it  does  not  hold.  Judging 
from  past  experience,  therefore,  he  is  justi- 
fied in  assuming  that  the  law  will  continue, 
to  be  true.  His  expectation  is  based  on  the 
same  kind  of  reasoning  which  makes  every 
one  of  us  feel  certain  that  the  sun  will  rise 
tomorrow.  With  the  discovery  of  radium 
and  the  study  of  its  radiations  came  the 
question  of  the  origin  of  the  relatively 
enormous  quantities  of  energy  produced 
during  a  radioactive  change.  It  soon  became 
apparent  that  the  energy  liberated  came 
from  the  atom  itself,  in  which  it  was  stored 
before  the  change.  Experiments  show  that 
I  gm.  of  radium,  in  equilibrium  with  its 
products,  produces  134  calories  of  energy- 
per  hour,  that  is,  enough  heat  to  melt  more 
than  I  y2  gm.  of  ice  per  hour.  The  relative 


amounts  of  energy  associated  with  the  dif- 
ferent types  of  radiation  are  as  follows: 
alpha  rays,  92  per  cent;  beta  rays,  3.2  per 
cent ;  gamma  rays,  4.8  per  cent.^  Hence  most 
of  the  energy  is  carried  by  the  alpha  parti- 
cles. When  radium  or  emanation  in  tubes  is 
used  as  a  source  of  radiation,  the  alpha 
particles  are  unable  to  leave  the  container, 
and  therefore,  at  best,  only  8  per  cent  of  the 
energy  is  available  for  therapeutic  purposes. 
If  a  filter  is  used  to  remove  the  beta  and 
soft  gamma  radiations,  then  probably  about 
3  per  cent  of  the  total  amount  of  energy  is 
at  our  disposal  in  the  form  of  penetrating 
gamma  radiation. 

The  law  of  conservation  of  energy  tells  us 
that  whatever  effect  is  produced  in  living  tis- 
sue after  irradiation,  must  be  due  primarily 
to  the  energy  absorbed  by  the  tissue  from  the 
radiation  traversing  it  during  the  treatment. 
Therefore  let  us  consider  briefly  the  process 
of  absorption.  Very  little  is  definitely  known 
about  the  action  of  radiation  on  the  living 
cell.  Our  present  knowledge  of  physics,  how- 
ever, enables  us  to  make  a  beginning.  It  has 
been  known  for  a  long  time  that  radioactiv- 
ity is  an  atomic  phenomenon.  The  different 
types  of  radiation  are  produced  by  changes 
which  take  place  in  the  atom  itself.  Con- 
versely, when  the  radiations  strike  a  sub- 
stance, their  first  effect  is  on  the  atoms  of 
the  material.  Some  are  broken  up  into  parti- 
cles carrying  positive  and  negative  charges 
of  electricity,  and  the  substance  is  then  said 
to  be  ionized.  The  energy  necessary  to  pro- 
duce the  ions  is  supplied  by  the  radiation, 
which  consequently  suffers  a  loss.  The  sub- 
stance, therefore,  is  said  to  absorb  some  of 
the  radiant  energy  which  traverses  it.  The 
presence  of  ions  in  a  substance  makes  possi- 
ble chemical  reactions  which  ordinarily  do 
not  take  place  spontaneously  in  the  sub- 
stance. A  part  may  be  broken  up  into  its  con- 
stituent elements,  or  a  regrouping  of  the 
atoms  may  take  place,  resulting  in  the  for- 
mation of  compounds  which  were  not  pres- 
ent before.  There  is  abundant  evidence  of 
the  chemical  action  of  the  radiations.^' "*  For 
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instance,  water  is  decomposed  into  hydrogen 
and  oxygen,  and  at  the  same  time  hydrogen 
peroxide  is  also  formed.  The  process  is  re- 
versible, so  that  hydrogen  and  oxygen  are 
caused  to  combine  to  form  water  and  hydro- 
gen peroxide.  Hydrogen  may  be  changed 
into  a  new  form,  H3,*  and  ozone  is  formed 
from  oxygen.  While  these  reactions  are 
brought  about  principally  by  alpha  rays,  the 
beta  and  gamma  radiations  also  have  an  ef- 
fect on  water.  Kernbaum^  has  made  the  in- 
teresting observation  that  the  penetrating 
rays  produce  hydrogen  peroxide  and  hydro- 
gen, but  no  oxygen,  by  their  action  on  water 
Other  substances  besides  water  are  affected 
by  radium  radiations.^  In  fact,  it  is  reason- 
able to  suppose  that  all  substances  are  af- 
fected to  a  smaller  or  greater  extent.  Bearing 
these  facts  in  mind,  we  can  safely  as- 
sume, at  least  as  a  working  hypothesis,  that 
the  effects  of  radiation  on  living  tissue  take 
place  in  three  stages: 

1.  The  tissue  is  ionized  at  the  time  of  its 
irradiation. 

2.  Unusual  chemical  reactions  take  place 
on  account  of  the  presence  of  ions. 

3.  The  equilibrium  of  the  cells  is  there- 
fore disturbed  and  the  observed  changes  are 
brought  about. 

This  conception  of  the  action  of  radiation 
on  living  tissue,  while  it  does  not  "explain" 
the  process,  is  helpful  in  our  understanding 
of  the  problem  of  dosage. 

From  the  preceding  discussion  it  is  evi- 
dent that  the  physiological  effect  of  radia- 
tion must  depend,  if  not  entirely,  to  a  con- 
siderable extent,  on  the  ionization  produced 
in  the  tissue.  This  in  turn  depends  on  the 
amount  of  energy  absorbed  by  the  tissue.  It 
follows,  therefore,  that  the  amount  of  energy 
absorbed  by  the  tissue  offers  a  good  basis 
for  the  specification  of  doses  of  radiation. 
But  we  cannot  assume  that  the  energy  con- 
centration with  respect  to  space  and  time 
has  no  effect  on  the  final  result.  For,  ob- 
viously, the  same  amount  of  energy  in  gen- 
eral will  produce  quite  different  results  if  it 
is  absorbed  by  one  cubic  centimeter  of  tissue 
or  one  hundred  cubic  centimeters  of  tissue, 
also,  if  the  time  during  which  it  is  absorbed 
is  very  different.  For  instance,  if  the  source 
of  radiation  is  weak  enough,  we  may  apply 
it  on  the  skin  for  one  year  without  producing 
a  visible  effect.  Yet  the  total  amount  of  en- 
ergy absorbed,  and  the  total  ionization  pro- 


duced may  be  larger  than  in  the  case  of  an 
actual  treatment.  For  the  comparison  of 
doses  of  radiation  we  may  take,  therefore, 
the  total  energy  absorbed  per  cubic  centi- 
meter of  tissue  and  the  amount  absorbed  per 
cubic  centimeter  per  hour,  the  latter  indicat- 
ing the  intensity  of  the  treatment. 

At  tl^is  point  it  is  perhaps  well  to  empha- 
size the  distinction  between  the  amount  of 
radiant  energy  emitted  by  the  radium  during 
the  treatment  and  the  amount  which  is  ab- 
sorbed by  the  tissue  and  is  therefore  effect- 
ive in  bringing  about  the  changes.  The 
latter  is  what  can  be  properly  called  the 
dose.  Of  the  total  amount  of  energy  set  free, 
in  general  only  a  very  small  amount  is  util- 
ized even  under  the  most  favorable  con- 
ditions. But  what  is  more,  the  fraction  which 
is  utilized  depends  very  largely  on  the 
method  and  conditions  of  application.  If  a 
physician  prescribes  salts  to  a  patient  and  the 
latter  buys  one  pound  of  salts  but  takes  only 
one  ounce,  we  cannot  say  that  the  dose  was 
one  pound.  Similarly,  in  radium  therapy  we 
should  never  say  that  the  dose  was  so  many 
milligram-hours  without  further  qualifica- 
tions. This  represents  only  the  energy  con- 
sumption during  the  treatment  and  not  the 
useful  energy. 

There  are  several  reasons  for  the  desir- 
ability of  an  adequate  method  of  specifying 
doses.  In  the  first  place  we  want  to  duplicate 
results  when  the  clinical  conditions  are,  if 
not  exactly,  at  least  nearly,  the  same.  Sec- 
ondly, if  we  have  determined  empirically  the 
dose  sufficient  to  affect  a  certain  type  of 
tumor  under  a  definite  set  of  conditions,  we 
wish  to  be  able  to  calculate  the  effective  dose 
for  the  same  type  of  tumor  under  a  different 
set  of  conditions  when  we  are  unable  to  use 
the  same  conditions  of  application  as  for  the 
empirical  determination.  Thirdly,  we  want  to 
compare  the  effective  doses  for  different 
types  of  tumor,  as  well  as  the  doses  which 
normal  tissues  can  tolerate.  Finally,  and  in 
general,  we  must  have  an  accurate  method 
of  comparing  doses  for  the  study  of  the 
effects  of  radiation  on  living  tissue. 

No  matter  what  we  select  for  our  unit  of 
dose  or  the  unit  of  radiation,  in  the  ultimate 
analysis  we  must  express  it  in  terms  which 
the  clinician  can  apply  directly  in  the  treat- 
ment of  patients.  For  instance,  it  is  very  well 
to  say  that  a  certain  lesion  requires  a  dose 
of  one  "rad"  or  170  "electrostatic  units"  of 
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radiation,  but  tlie  clinician  wants  to  know 
how  he  is  to  obtain  that  dose  with  his  tube 
of  50  mgm.  in  a  silver  capsule  0.5  mm. 
thick.  If  he  is  told  to  put  a  tube  on  the  le- 
sion at  a  certain  distance  and  for  a  certain 
time  and  gets  a  good  result  he  will  call  that 
an  effective  dose,  no  matter  what  other  name 
may  be  given  to  it.  Whatever  unit  of  dosage 
we  may  ultimately  adopt,  in  our  records,  we 
must  have  in  the  first  place  a  complete  state- 
ment of  the  clinical  conditions,  that  is;  his- 
tory of  the  lesion,  diagnosis,  location,  size, 
extent  of  infiltration,  etc.,  etc.*  Then  the 
physical  conditions  of  the  treatment  must  be 
specified  carefully.  They  are: 

1.  The  strength  of  the  radioactive  source. 

2.  Its  distribution. 

3.  The  total  filtration  used. 

4.  The  duration  of  the  irradiation. 

5.  The  relative  positions  and  distances  of 
the  source  of  radiation,  pathological  tissue, 
and  normal  tissue. 

The  last  is  of  importance,  not  only  on  ac- 
count of  the  rapid  diminution  of  radiation 
with  distance  from  the  source,  but  also  be- 
cause the  success  of  a  treatment  depends  to 
an  undetermined  extent  on  the  reaction  of 
the  whole  system,  besides  the  local  effect  of 
the  radiation.  If  too  much  destruction  is 
caused  in  normal  tissues  the  healing  process 
is  retarded,  or  it  may  not  take  place. 

If  the  above  data  are  available  it  is  pos- 
sible to  express  the  dose  in  any  unit  we 
please.  To  indicate  the  method  of  calculating 
the  amount  of  energy  absorbed  by  tissue  we 
shall  work  out  an  example.  Given:  (i)  a 
tube  of  emanation  of  100  milHcuries.  (2) 
14  mm.  long,  0.5  mm.  in  diameter.  (3)  Fil- 
tration 2  mm.  of  brass  and  3  mm.  of  rubber. 
(4)  Time  of  exposure,  8.6  hours.  (5)  Dis- 
tance from  skin,  2  cm.,  using  a  cork  of  this 
thickness  with  a  2  cm.  hole.  (In  this  ex- 
ample we  shall  consider  only  the  effect  on 
the  skin.)  Observed  result:  a  definite  ery- 
thema in  about  three  weeks.  What  is  the 
amount  of  energy  absorbed  by  a  piece  of 
skin  I  sq.  cm.  in  area  and  i  mm.  thick  di- 
rectly below  the  tube  ? 

The  total  energy  emitted  by  100  milHcur- 
ies of  emanation  is   10.9  gm.  calories  per 

♦Clinicians  and  pathologists  must  decide  just  what 
facts  to  record. 


hour.  Of  this  energy  only  1.08  calories  per 
hour  is  emitted  in  the  form  of  beta  and 
gamma  radiation.  The  filter  removes  all  the 
beta  and  soft  gamma  radiations,  therefore 
the  energy  of  the  filtered  radiation  emitted 
in  all  directions  is  roughly  0.4  calories  per 
hour.  The  area  of  a  sphere  2  cm.  in  radius 
is  50  sq.  cm.,  hence  the  radiation  which 
.  reaches  the  square  centimeter  of  tissue  un- 
der consideration  is  only  i  /  50  of  the  total 
emitted  through  the  filter,  or  0.008  calories 
per  hour.  (Owing  to  the  fact  that  the  source 
of  radiation  is  not  a  point,  the  amount  of 
energy  reaching  i  sq.  cm.  of  skin  is  still  less, 
but  for  our  present  purpose  we  need  not  take 
this  into  account).  The  coefficient  of  absorp- 
tion and  scattering  by  tissue®  for  the  radia- 
tion of  this  example  is  about  0.007  mm-"^ 
Therefore  the  amount  of  energy  absorbed 
(and  scattered)  by  a  piece  of  skin  i  sq.  cm. 
in  area  and  i  mm.  thick  is  0.0008  x  0.007  = 
0.000056  calories  per  hour,  or  .56  microcal- 
ories  per  hour.  The  amount  actually  ab- 
sorbed, that  is,  exclusive  of  the  amount  scat- 
tered, is  considerably  less  than  this  value,  but 
since  no  accurate  value  of  the  true  absorp- 
tion coefificient  is  available,  we  need  not  at- 
tempt a  closer  approximation.  Furthermore, 
for  purposes  of  comparing  doses,  when  the 
same  filtration  is  used,  this  is  fully  sufficient. 
The  total  amount  of  energy  absorbed  during 
the  treatment  is  436  microcalories,  for  a 
point  source  and  415  microcalories  for  the 
tube.  How  this  small  amount  of  energy  can 
produce  the  profound  changes  in  the  tissue 
which  we  observe,  we  leave  to  the  biologist 
to  explain.  It  may  be  well,  however,  to  com- 
pare the  amount  of  radiant  energy  which  is 
sufficient  to  cause  a  definite  effect  in  the  skin 
with  the  production  of  heat  in  the  human 
body.  Calorimetric  experiments  have  shown 
that  a  man  produces  about  100  large  calories 
of  heat  per  hour,  when  sitting  and  at  rest. 
If  we  assume  the  average  weight  of  a  man  to 
be  68  kgm.,  the  heat  production  per  gram,  or 

i_-         ^-      .      '    100,000  ^      , 

per  cubic  centimeter  is— 77; or  1.47  cal- 

^  68,000 

ories  per  hour.  For  o.i  c.c.  that  is,  the  vol- 
ume considered  above  the  heat  production  is 

0.147  calories  per  hour,  or  — ' ^=  2600 

0.000056 

times  greater  than  the  energy  supplied  per 

hour  during  the  treatment.  The  difference 

is  much  more  striking  if  we  consider  that  the 


Dosage  in  Radium  Therapy 


677 


TABLE  I 

TABLE    SHOWING    SKIN    DOSES    IN    TERMS    OF    ABSORBED  ENERGY    FOR   DIFFERENT   CONDITIONS   OF  APPLICATION 


I 

2 

3 

4 

S 

6 

7 

8 

Applicator 

Size 

Distance 

Emanation 

Time 

Millicurie- 

Total 

Average 

cm. 

cm. 

mc. 

hrs. 

hours 

micro- 
calories 
per  cm.^ 

micro- 
calories 
per  hour 

XI  mm. 

Tray 

4x5 

3 

500 

4.1 

2000 

360 

88 

Pack- 

8x12 

6 

2000 

4.6 

9000 

370 

80 

Pack 

8x12 

10 

2000 

9-3 

20000 

360 

39 

Block 

4x6 

4 

1500 

2.2 

3200 

340 

150 

Block 

4x6 

4 

1000 

1.6 

1500 

160 

100 

Cork 

1.4x0.05 

2 

200 

4^ 

830 

420 

100 

Filtration  in  all  cases  equivalent  to  2  mm.  of  brass. 


minute  quantity  of  radiant  energy  which 
caused  the  tissue  changes  was  applied  at  the 
rate  of  56  microcalories  per  hour,  for  only 
a  few  hours.  Also  we  assumed  that  the  treat- 
ment was  given  by  using  100  millicuries  of 
emanation,  while  in  practice  we  could  prob- 
ably use  10  mgm.  of  radium  element*  for  a 
little  more  than  eighty-three  hours,  and  ob- 
tain the  same  skin  effect.  In  this  case  the  rate 
at  which  the  radiant  energy  is  supplied  to  the 

tissue  is  only  about th  of  the  amount 

30,000 

produced  in  the  tissue,  per  hour.  Of  course 
the  total  amount  is  the  same  or  a  little  more 
than  in  the  previous  case. 

At  the  Memorial  Hospital,  for  external 
treatments,  several  applicators  of  different 
shapes  and  sizes  have  been  used  for  a  long 
time.  The  skin  doses  for  such  applicators, 
therefore,  are  known  quite  accurately.  Pro- 
ceeding as  for  the  above  example,  but  in- 
cluding the  effect  of  the  distribution  of  the 
source  (size  and  shape  of  the  applicator)  the 
amount  of  energy  absorbed  during  the  treat- 
ment by  a  layer  of  skin  icm.^x  imm.  was 
calculated  for  each  applicator.  The  results 
are  shown  in  column  2,  Table  I.  For  a 
proper  interpretation  of  these  results  we 
have  to  consider  them  a  little  further.  An  ir- 
radiation of  2000  millicurie-hours  with  the 
tray  applied  at  a  distance  of  3  cm.  from  the 
skin,  and  of  9,000  or  20,000  millicurie-hours 

*If  we  used  emanation  for  this  treatment  we 
would  have  to  allow  for  the  decay  of  the  emanation 
during  the  long  exposure. 


with  the  pack  at  6  or  10  cm.,  produces  in 
practice  substantially  the  same  effect  on 
the  skin.  That  is,  it  produces  a  mild 
erythema  on  the  skin  of  the  average  pa- 
tient, a  more  severe  reaction  on  patients 
who  are  abnormally  radio-sensitive,  and 
no  visible  reaction  at  all  on  the  more 
resistant  patients.  The  calculated  values  of 
the  energy  absorbed,  360,  370,  and  360  mi- 
crocalories respectively,  show  a  remarkable 
agreement  considering  the  large  number  of 
variables,  both  physical  and  biological,  in- 
volved in  the  problem.  It  will  be  noticed  that 
the  shape  and  area  of  the  applicators  and  the 
distance  of  application  are  quite  different. 
The  proper  spacing  in  either  case  is  obtained 
by  a  block  of  Balsa  wood,  which  has  approx- 
imately the  same  density  as  cork.  The  filter, 
(silver,  brass,  and  wood)  is  such  that  the 
total  filtration  is  equivalent  to  2  mm.  of 
brass  plus  a  suitable  secondary  filter.''  This 
has  been  found  to  be  sufficient  to  give  a  pen- 
etrating radiation  which  is  absorbed  expon- 
entially by  tissue, — the  desideratum  for  deep 
therapy.^  The  decrease  of  radiation  with  dis- 
tance was  determined  from  suitable  curves 
which  take  into  account  the  shape  and  size 
of  the  applicator.*  When  3200  millicurie- 
hours  are  given  with  the  block,  the  energy- 
absorbed  is  340  microcalories.  But  owing  to 
the  fact  that  this  applicator  has  lead-lined 
brass  sides  to  reduce  overlapping  when  radi- 
ating adjacent  areas,  the  energy  absorbed 

*These  curves,  which  are  of  general  applicability, 
will  be  published  in  the  near  future. 
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by  the  skin  is  really  larger  than  this  value.* 
The  clinical  data  at  our  disposal  are  not  suf- 
ficient to  enable  us  to  compare  the  skin 
effects  produced  by  this  applicator  on  the  av- 
erage patient  with  the  effects  produced  by 
the  applicators  previously  discussed.  The 
block  is  rarely  used  for  isolated  treatments, 
having  been  designed  primarily  for  cross- 
firing  the  pelvis  through  three  anterior  and 
three  posterior  portals.^  In  this  case  it  has 
been  tound  that  1,500  millicurie-hours  are 
sufficient  to  produce  a  slight  erythema  in  the 
average  patient.  This  is  an  interesting  ob- 
servation, showing  that  more  than  half  the 
radiation  which  produces  the  effect  on  the 
skin  is  supplied  by  the  applicators  in  other 
parts  of  the  body,  five  additional  block  treat- 
ments as  well  as  vaginal  and  uterine  applica- 
tions. For  the  tube  the  energy  absorbed  (420 
microcalories)  is  more  than  for  the  tray  at 
3  cm.  and  pack  at  6  cm.,  but  the  effect  on  the 
skin  is  also  more  marked.  As  a  result  of  this 
analysis  we  may  say  that  the  observed 
effects  on  the  skin  of  a  very  large  number  of 
patients  and  the  calculated  values  of  the  en- 
ergy absorbed  by  i  sq.  cm.  of  skin,  imm. 
thick,  for  various  conditions  of  application, 
agree  closely;  certainly  as  closely  as  we  can 
expect  under  the  circumstances.  It  should  be 
noted,  however,  that  the  filtration  is  the 
same  for  all  the  applicators  considered  above. 

At  the  present  time  we  have  not  sufficient 
information  to  calculate  the  amount  of  en- 
ergy absorbed  by  tissue  when  the  quality  of 
the  radiation  is  very  different.  A  good  deal 
of  experimental  work  will  have  to  be  done 
before  we  shall  be  able  to  do  so.  For  this  rea- 
son we  do  not  know  with  certainty  that  the 
physiological  effect  of  radiation  depends  on 
the  amount  of  energy  absorbed  by  the  tissue, 
irrespective  of  the  quality  of  radiation 
reaching  the  tissue.  There  is  considerable 
indirect  evidence  tending  to  support  this 
view,  but  the  experimental  data  bearing 
directly  on  this  point  is  not  conclusive.! 

When  this  problem  is  solved,  it  will  be 

*This  statement  is  substantiated  by  experimental 
evidence. 

fThe  agreement  between  the  electroscope  readings 
and  the  biological  results  for  beta  and  gamma  rays 
in  Friederich  and  Kroenig's  experiments  is  only  acci- 
dental. For  instance,  if  these  authors  had  placed  the 
source  of  beta  and  gamma  radiation  closer  to  the 
electroscope  than  one  meter,  there  would  have  been 
no  agreement. 


possible  to  express  doses  of  radiation  for 
both  .r-rays  and  radium  rays  in  terms  of  che 
energy  absorbed  by  the  tissue  irradiated.  We 
shall  have  then  a  rational  system  of  dosage 
of  quite  general  applicability. 

A  great  many  different  units  of  dosage 
have  been  suggested,  depending  on  different 
properties  of  the  radiations.  Attempts  have 
been  made  to  define  a  biological  unit.  Russ° 
suggested  as  the  unit  of  dose  the  amount  of 
radiation  necessary  to  kill  mouse  cancer, 
which  he  determined  experimentally.  He 
called  this  unit  the  "Rad."  Ghirlarducci^" 
suggested  the  amount  of  radiation  necessary 
to  produce  ulceration  of  the  intestines  of 
rabbits.  The  erythema  dose  has  been  ex-^ 
tensively  used  as  a  unit  of  dose,  especially 
in  .r-ray  therapy.  It  may  be  said  of  all  bio- 
logical units  that  in  the  ultimate  analysis 
they  depend  on  physical  measurements.  It  is 
the  physical  factors  which  are  to  be  ad- 
justed properly  to  obtain  the  desired  result. 
We  must  know,  therefore,  how  distance, 
filtration,  time  of  exposure,  etc.,  affect  the 
dose. 

For  purposes  of  comparison  we  may  take 
as  a  standard  any  distinct  biological  effect 
of  radiation,  e.g.,  skin  erythema.  It  is  very 
important  to  remember,  however,  that  a  bio- 
logical effect  produced  by  radiation  cannot 
be  used  as  a  measure  of  the  amount  of  ra- 
diation administered.  Thus,  if  we  make  a 
radium  application  and  produce  a  marked 
skin  erythema,  then  double  the  time  of  ex- 
posure leaving  the  other  conditions  the  same, 
we  cannot  tell  from  the  degree  of  erythema 
alone  that  the  dose  has  been  doubled.  Qual- 
itatively we  can  tell  that  the  second  dose  is 
larger  than  the  first,  but  we  cannot  say  how 
much  larger.  Biological  observations  of  this 
•type  are  unsuited  for  quantitative  work. 
Furthermore,  the  more  severe  the  reaction, 
the  harder  it  is  to  distinguish  between  dif- 
ferent doses.  Under  certain  conditions,  how- 
ever, we  can  use  the  erythema  dose  as  a 
standard  of  comparison.  For  this  purpose 
the  degree  of  erythema  must  be  such  that  a 
decrease  of  20  per  cent  or  25  per  cent  in  the 
dose  of  radiation  which  produces  a  definite 
reddening  of  the  skin,  will  result  in  no  vis- 
ible effect  on  the  skin.  That  is,  the  degree  of 
erythema  chosen  must  be  on  the  borderline 
between  no  visible  effect  and  a  definite  effect. 
We  need  not  consider  the  radio-sensitivitv 
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of  different  patients  and 
different  parts  of  the 
body,  because  we  can  elim- 
inate such  differences  by 
taking  a  sufficiently  large 
number  of  patients  for 
our  determination  of  the 
average  skin  dose. 

Having  adopted  a  bio- 
logical unit  of  dose,  sub- 
ject   to    the    above-men- 
tioned limitations,  wo.  ex- 
press  it   in   terms   of   the 
physical  factors  which  af- 
fect it.  Then  we  can  give 
of  this  dose  by  a  proper 
choice    of    these    factors. 
For  instance,  with  the  tray 
applicator  of  Table  I  we 
know    that    we    obtain    a 
definite   erythema  on  the 
average  patient  by  using 
2000  millicurie-hours  at  a 
distance  of  3  cm.,  with  a 
filter  equivalent  to  2  mm. 
of  brass.  If  we  give  4000 
millicurie-hours  under  the 
same    conditions    we    can 
say   that   we    have    given 
two    erythema    doses,    al- 
though   clinical    observa- 
tions   alone    do    not    en- 
able us  to  tell  that  twice  the  amount  of  ra- 
diation was  used.  The  necessity  of  referring 
doses  of  radiation  to  the  physical  factors  of 
dosage,  is  even  more  apparent  if  we  remem- 
ber that  there  is  a  long  interval  between  the 
time  when  the  treatment  is  given  and  the 
time  when  the  physiological  effect  manifests 
itself.  We  cannot  adjust  the  dose  according 
to  the  effect  produced  in  the  tissue  because 
at  the  time  of  the  treatment,  and  for  a  con- 
siderable time  thereafter,  there  is  no  visible 
change. 

It  is  generally  hoped  that  eventually  an  in- 
strument will  be  made  by  means  of  which  we 
can  measure  the  doses  of  radiation  given,  as 
we  weigh  drugs  by  means  of  a  balance. 
While  it  is  possible  to  make  such  an  instru- 
ment, it  is  doubtful  whether  it  can  be  so 
simple  and  reliable  as  to  be  available  to  the 
average  physician.  The  author  is  of  the 
opinion  that,  in  realitv,  there  is  no  necessity 
for  such  a  measuring  instrument  for  general 
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use.  It  will  not  be  very  long  before  the  lab- 
oratories which  are  best  equipped  for  this 
work  will  have  worked  out  tables  and  charts 
from  which  it  will  be  possible  to  determine 
the  amount  of  radiation  delivered  to  the  skin 
or  tissue  layer  at  any  depth,  in  terms  of  a 
convenient  unit,  for  any  given  conditions  of 
application.  Indirectly  it  will  be  possible  to 
determine  from  these  data  the  best  practical 
method  of  treatment  for  any  given  case. 
These  tables,  of  course,  would  not  point  out 
how  to  cure  a  patient,  but  would  indicate  the 
most  efficient  way  to  apply  radiation  con- 
sidering the  geometry  of  the  diseased  region. 
As  to  the  amount  of  radiation  to  be  admin- 
istered to  effect  a  cure,  if  a  cure  is  possible, 
the  individual  physician  would  have  to  rely 
on  his  experience. 

In  this  country  it  is  customary  to  express 
"doses"  of  radiation  in  milligram-hours  or 
millicurie-hours.  A  comparison  of  the  values 
in  column  6  and  those  in  column  7  of  Table 
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I  shows  immediately  that  this  in  itself  does 
not  at  all  represent  the  dose  as  measured  by 
the  effect  on  tissue.  In  column  6  there  is  a 
22-fold  variation  in  the  millicurie-hours, 
while  the  values  of  column  7,  which  repre- 
sent the  skin  doses,  are  nearly  the  same.  And 
yet  the  method  of  treatment  is  the  same,  that 
is,  gamma  ray  treatment  by  external  applica- 
tions at  a  distance  from  the  skin.  If  we  in- 
cluded other  methods,  such  as  buried  emana- 
tion, or  radium  needles,  the  differences  in 
milligram-hours  for  the  same  dose  would  be 
enormous.  It  is  true  that  this  fact  is  borne 
in  mind  by  all  those  who  make  use  of  the 
notation.  Nevertheless  the  result  is  that  in 
general  the  other  factors  which  are  just  as 
important  in  the  complete  specification  of  a 
dose,  are  not  given  due  prominence.  Further- 
more, this  notation  introduces  no  simplifica- 
tion, because  the  duration  of  the  treatment 
or  the  strength  of  the  applicator  must  be 
stated  separately.  In  Table  I  the  factors 
which  indicate  the  intensity  of  the  treatment 
are  given  in  column  8  expressed  in  micro- 
calories  absorbed  per  hour  by  i  sq.  cm.  of 
skin  I  mm.  thick.  The  part  which  the  intens- 
ity of  the  treatment,  or  what  amounts  to  the 
same  thing,  the  duration  of  the  treatment. 
play>  ih  the  results  obtained  is  not  definitely 
known  at  the  present  time.  It  is  certain,  how- 
ever, that  it  plays  some  part,  and  should  be 
taken  mto  account. 

The  milligram-hour  or  millicurie-hour 
notation,  while  unsuited  for  expressing  dos- 
age, has  some  useful  purposes  in  a  limited 
sense.  If  different  treatments  are  given  under 
exactly  the  same  physical  conditions,  but 
with  a  different  number  of  millicurie-hours, 
the  dose  is  proportional  to  this  number. 
within  wide  limits  of  the  time  of  exposure. 
In  an  institution  where  many  patients  are 
treated  with  the  same  applicator,  in  general 
the  amount  of  radium  or  emanation  in  the 
applicator  is  never  the  same,  owing  to  the 
exigencies  of  other  patients.  In  such  a  case 
if  the  dose  for  an  applicator  is  given  in  mil- 
ligram-hours, the  person  who  applies  it  can 
determine  the  time  of  exposure  according  to 
the  strength  of  the  applicator  by  a  simple 
division.  When  radium  emanation  is  used  as 
the  radio-active  source  and  the  time  of  ap- 
plication is  very  long,  tlie  calculation  of  the 
time  from  a  knowledge  of  the  millicurie- 
hours  and  the  initial  millicuries  is  more  com- 


plicated on  account  of  the  decay  of  emana- 
tion during  the  treatment.  Given  any  two  of 
the  three  quantities,  millicuries,  hours,  and 
millicurie-hours,  it  is  possible  to  calculate  the 
third  by  the  aid  of  the  integral  calculus.  The 
decay  of  emanation  takes  place  according 
to  the  law : 

Et=Eoe  "■'^'' 
where  Eo  =  initial  amount  of  emanation  in 
millicuries 
0.0075  =  decay  constant  of  the  emana- 
tion in  ( hours  )-^ 
t  =  time  elapsed  in  hours  since  the 
value  of  the  emanation  was  Eo 
e  =  Naperian  base  of  logarithms. 
Et^  amount  of  emanation  remain- 
ing after  time  t. 


The  millicurie-hours 
will  be  given  by 

rT  -0.0075 

Eo  e 
o 


for  an  exposure  T 


=  133 


[-0.0075  TT 


The  use  of  this  formula  is  not  very  conven- 
ient, but  one  gifted  with  sufficient  patience 
can  work  out  tables  from  which  any  one  of 
the  three  quantities  involved  can  be  obtained 
rapidly  if  the  other  two  are  known.  How- 
ever, it  is  simpler  to  make  a  chart  which 
serves  the  same  purpose.  (See  chart,  p.  679.) 
Since  the  use  of  emanation  is  rather  lim- 
ited at  the  present  time  a  complete  explana- 
tion of  the  use  of  this  chart  would  be  out  of 
place  here.  Besides,  a  physicist,  who  prob- 
ably would  be  the  one  to  use  it,  can  work  out 
the  problem  without  further  explanation. 
However,  as  an  illustration,  the  following 
example  will  be  worked  out:  It  is  desired 
to  give  2000  millicurie-hours  using  a  tube  of 
100  millicuries;  what  is  the  necessary  time 
of  exposure?  We  draw  a  horizontal  line 
through  the  2000  mc.-hr.  point  at  A  until  it 
intersects  the  100  mc.  curv-e  at  B.  From  this 
point  we  drop  a  perpendicular  to  the  lower 
scale,  and  on  it  we  read  at  C  the  time  in 
hours,  that  is  21.7  hours.  It  will  be  noticed 
that  we  can  get  the  same  result  by  using  the 
200  mc.-hr.  point  at  A'  and  the  to  mc.  curve. 
This  means  that  we  can  multiply  or  divide 
the  millicurie-hour  scale  and  the  millicurie 
scale  by  the  same  factor  (10  in  this  case) 
without  affecting  the  result.  Thus  the  range 
of  the  chart  can  be  extended  considerablv. 
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It  should  be  noted,  however,  that  the  hour 
scale  cannot  be  altered,  but  the  other  two 
can  be  changed,  provided  they  are  changed 
in  the  same  ratio.  The  chart  can  be  used  in  a 
similar  way  to  determine  the  initial  value  of 


emanation  which  it  is  necessary  to  use  to  give 
a  certain  number  of  millicurie-hours  in  a 
given  time;  also  to  calculate  the  millicurie- 
hours  having  given  the  initial  millicuries  and 
the  duration  of  the  treatment  in  hours. 


TABLE  II 
Days 


Hours 

0 

I 

2 

3 

4 

5    1 

6 

7 

0 

1. 0000 

0.8351 

0.6973 

0.5823 

0.4863 

0.4061 

0.3391 

0.2832 

I 

0.9925 

8288 

6921 

5779 

4826 

4030 

3366 

2811 

2 

9851 

8226 

6870 

5736 

4790 

4000 

3341 

2790 

3 

9777 

8165 

6818 

5694 

4754 

3970 

3316 

2769 

4 

9704 

8104 

6767 

5651 

4719 

3941 

3291 

2748 

9632 

8043 

6717 

5609 

4684 

39" 

3266 

2728 

5 

9559 

7983 

6666 

5567 

4649 

3882 

3242 

2707 

7 

9488 

7923 

6616 

5525 

4614 

3853 

3218 

2687 

8 

9417 

7864 

6567 

5481 

4579 

3824 

3193 

2667 

9 

9346 

7805 

6518 

5443 

4545 

3795 

3170 

2645 

10 

9276 

7746 

6469 

5402 

45" 

3767 

3146 

2627 

II 

9207 

7689 

6421 

5362 

4477 

3739 

3123 

2607 

12 

9138 

7631 

6372 

5321 

4444 

37" 

3099 

2588 

13 

9070 

7574 

6325 

5281 

44" 

3683 

3076 

2568 

14 

9002 

7517 

6278 

5242 

4378 

3656 

3053 

2549 

15 

8935 

7561 

6231 

5203 

4345 

3628 

3030 

2530 

16 

8868 

7405 

6184 

5164 

4312 

3601 

3007 

2511 

17 

8801 

7350 

6138 

5125 

4280 

3574 

2984 

2492 

18 

8737 

7295 

6092 

5087 

4248 

3548 

2962 

2474 

19 

8670 

7240 

6046 

5049 

4216 

3521 

2940 

2455 

20 

8605 

7186 

6001 

501 1 

4184 

3494 

2918 

2437 

21 

8541 

7132 

5956 

4974 

4153 

3468 

2896 

2418 

22 

8477 

7079 

5911 

4936 

4122 

3442 

2875 

2401 

23 

8414 

7026 

5867 

4899 

4092 

3417 

2853 

2383 

TABLE  II  (continued) 
Days 


Hours 

8 

9 

10 

" 

I. 

13 

14 

IS 

0 

0.2365 

0.1975 

0.1649 

0.1377 

O.I  150 

0.0960 

0.0802 

0.0670 

I 

2347 

i960 

1637 

1367 

1 141 

0953 

0796 

0665 

2 

2329 

1945 

1624 

1357 

1^33 

0946 

0790 

0660 

3 

2312 

1930 

1612 

1347 

1 124 

0939 

0784 

0655 

4 

2295 

1916 

1600 

1336 

1116 

0932 

0778 

0650 

5 

2278 

1902 

1588 

1326 

1108 

0925 

0772 

064s 

6 

2260 

1887 

1576 

1316 

1099 

0918 

0766 

0640 

7 

2244 

1873 

1565 

I107 

1091 

0911 

0761 

0635 

8 

2227 

i860 

1553 

1297 

1083 

0904 

0755 

0631 

9 

2210 

1845 

1541 

1287 

1075 

0898 

0749 

0626 

10 

2193 

1831 

1530 

1277 

1067 

0891 

0744 

0621 

II 

2177 

1818 

1518 

1268 

1059 

0884 

0738 

0616 

12 

2161 

1804 

1507 

1259 

105 1 

0878 

0733 

0612 

13 

2145 

1791 

1496 

1249 

1043 

0871 

0727 

0607 

14 

2129 

1777 

1484 

1240 

1035 

0864 

0722 

0603 

IS 

2113 

1764 

1473 

1230 

1027 

o8s8 

0716 

0598 

16 

2097 

1751 

1462 

1221 

1020 

0852 

071 1 

0504 

17 

2081 

1738 

145 1 

1212 

1012 

0845 

0706 

0589 

18 

2066 

1725 

1440 

1203 

1004 

0839 

0700 

0585 

19 

2050 

1712 

1430 

"94 

0997 

0833 

0695 

0581 

20 

2035 

1699 

1419 

"85 

0990 

0826 

0690 

0576 

21 

2020 

1686 

1408 

I176 

0982 

0820 

0685 

0572 

22 

2005 

1674 

1398 

1 167 

0975 

0814 

0680 

0567 

23 

1990 

1661 

1387 

1 158 

0968 

0808 

0675 

0563 

682 
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TABLE  II  (continued) 
Days 


Hours 

i6 

17 

18 

19 

20 

21 

^ 

1    -3 

o 

0.0559 

0.0467 

0.0390 

0.0326 

0.0272 

0.0227 

0.0190 

0.0158 

I 

0555 

0464 

0387 

0323 

0270 

0226 

0189 

0157 

2 

0551 

0460 

0384 

0321 

0268 

0224 

0187 

0156 

3 

0548 

0456 

0381 

0318 

0266 

0222 

0185 

0155 

4 

0543 

0453 

0378 

0316 

0264 

0220 

0184 

0154 

5 

0539 

0450 

0376 

0314 

0262 

0219 

0183 

0153 

6 

0534 

0446 

0373 

031 1 

0260 

0217 

0181 

0151 

7 

0531 

0443 

0370 

0309 

0258 

0215 

0180 

0150 

8 

0527 

0440 

0367 

0307 

0256 

0214 

0179 

0149 

9 

0523 

0436 

0364 

0304 

0254 

0212 

0177 

0148 

lO 

0519 

0433 

0362 

0302 

0252 

0210 

0175 

0146 

II 

0515 

0430 

0359 

0299 

0250 

0209 

0174 

0145 

12 

0511 

0427 

0356 

0297 

0248 

0207 

0173 

0144 

13 

0507 

0424 

0354 

0295 

0247 

0206 

0172 

0143 

14 

0503 

0420 

0351 

0293 

0245 

0204 

0170 

0142 

15 

0500 

0417 

0348 

0291 

0243 

0203 

0169 

0141 

i6 

0496 

0414 

0346 

0289 

0241 

0201 

0168 

0140 

17 

0492 

041 1 

0343 

0286 

0239 

0200 

0167 

0139 

i8 

0488 

0408 

0341 

0284 

0238 

0199 

0166 

0138 

19 

0485 

0405 

0338 

0282 

0236 

0197 

0164 

0137 

20 

0481 

0402 

0336 

0280 

0234 

0195 

0163 

0136 

21 

0478 

0399 

0333 

0278 

0232 

0194 

0162 

0135 

22 

0474 

0396 

0330 

0276 

0230 

0192 

0160 

0134 

23 

0470 

0393 

0328 

0274 

0229 

0191 

0159 

0133 

An  inspection  of  the  formula 

mc.-hrs.  =i33Eo(i-e»-»"^'^^  ) 
suggests  another  method  of  attacking  the 
problem.  The  factor  133  is  a  very  important 
radioactive  constant  known  as  the  "average 
life"  of  the  emanation,  5.5  days  or  133 
hours.  The  quantity  Eo  (i  -  e""""'''' )  rep- 
resents the  amount  of  emanation  which  has 
disintegrated  during  the  time  T,  starting 
with  an  amount  Eo  millicuries.  Therefore 
the  formula  can  be  written — 

mc.  -  hrs.  =  (averaee  life  in    bouts)     (amount    decayed     n    millicuries) 

Evidently  then  if  we  know  the  number  of 
millicuries  of  emanation  which  disintegrated 
or  decayed  during  the  treatment,  the  milli- 
curie-hours  can  be  obtained  by  multiplying 
this  number  by  133.  To  determine  the  milli- 
curies disintegrated,  we  can  make  use  of 
Table  II,  part  of  which  was  originally  cal- 
culated by  Kolowratt.^^  This  table  is  very 
useful,  primarily  because  it  enables  us  to  tell 
at  a  glance  the  value  of  a  tube  of  emanation 
at  any  time  after  it  has  been  measured. ^^  For 
this  purpose  it  can  be  used  in  two  ways  de- 
pending on  the  accuracy  recjuired.  An  ex- 
ample will  make  these  clear.  A  tube  of  em- 
anation is  measured  on  Monday  at  2:00 
p.m.,  and  is  found  to  contain  254  mc.  What 
will  be  the  value  of  the  tube  the  following 
Wednesday    at    10:00    a.m.?    The    elapsed 


time  is  one  day  and  twenty  hours.  From  the 
table  we  find  that  i  mc.  will  be  reduced  to 
0.718  mc.  in  one  day,  twenty  hours.  Hence 
254  mc.  will  be  reduced  to  254x0.718  = 
182.3  mc.  We  can  get  approximately  this 
value  directly  from  the  table  as  follows:  It 
will  be  noticed  that  the  decimal  point  does 
not  affect  the  relative  values  of  the  figures 
in  the  table.  We  can  find  in  the  table  a  figure 
which  is  very  close  to  254,  that  is  0.2549. 
Then  counting  one  day  twenty  hours  beyond 
this  point  we  find  the  figure  0.1831.  There- 
fore the  value  of  the  tube  is  183.1  mc.  which 
is  very  close  to  182.3  mc. 

If  this  tube  had  been  used  on  a  patient  for 
one  day  and  twenty  hours  we  could  calcu- 
late the  millicurie-hour  exposure  as  follows : 
Initial  value,  254  mc.  Value  at  end  of 
treatment,   182.3  mc.  Millicuries  destroyed, 

254-182.3  =  71.7    mc. 
mc.  -  hrs.  =  133  x  71.7  =  9540. 

The  average  value  of  the  emanation  tube 
during  the  treatment  was 


9540     _2J7 


mc. 


24  +  20 

So  if  a  radium  tube  were  to  be  used  to  give 
the  same  treatment  in  the  same  time,  its  ra- 
dium content  should  be  217  mgm. 

In  France,  and  especially  at  the  Curie  In- 
stitute in  Paris,  a  slightly  different  notation 
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is  used  than  in  the  United  States.  Instead  of 
milHcurie-hours,  the  "milhcuries  destroyed" 
(mcd)  during  the  treatment  are  used  to  rep- 
resent the  amount  of  radiation  produced  by 
the  radioactive  source.  This  notation  was 
first  suggested  by  Debierne  and  Regaud^^  in 
1 9 14.  Lately  Regaud  and  Ferroux^*  have 
elaborated  this  further  and  introduced  in 
addition  the  milhcuries  destroyed  per  hour 
(ji.  c  8  to  indicate  the  intensity  of  the  treat- 
ment. This  notation  has  no  real  advantage 
over  the  millicurie-hour  notation  as  is  evi- 
dent from  the  fact  that  mc.-hrs.  =133 
(mcd).  The  figures  given  in  milhcuries  de- 
stroyed are  simply  133  times  smaller  than 
those  given  in  millicurie-hours.  Evidently  a 
factor  of  proportionality  (133)  cannot  alter 
the  notation  in  its  essential  features.  The 
authors  claim  the  advantage  of  uniformity 
because  whether  radium  salt  or  emanation 
is  used  for  the  treatment,  the  radiation  pro- 
duced in  either  case  can  be  expressed  in  milh- 
curies destroyed  instead  of  milligram-hours 
or  millicurie-hours.  However,  on  account  of 
the  fairly  rapid  rate  of  change  of  the  emana- 
tion, which  in  very  long  treatments  (e.g. 
buried  emanation)  has  an  effect  on  the  re- 
sult obtained,  they  find  it  necessary  to  state 
whether  radium  salt  or  emanation  is  used 
for  the  treatment.  They  do  this  either  ex- 
plicitly or  implicitly  by  giving,  in  the 
case  where  emanation  is  used,  the  average 
strength  of  the  source  or  the  average  num- 
ber of  milhcuries  destroyed  per  hour  during 
the  treatment.  In  our  notation  if  we  say  mil- 
ligram-hours, it  is  evident  that  radium  was 
used,  whereas  millicurie-hours  refers  to  em- 
anation. However,  it  must  be  said  that  the 
expression  "milhcuries  destroyed"  (or  milh- 
curies "used  up")  has  a  certain  appeal  to  the 
physicist  because  it  brings  to  mind  the 
atomic  processes  by  which  the  radiant  en- 
ergy is  obtained.  There  is  no  likelihood  that 
the  notation  will  find  favor  in  this  country, 
but,  since  it  is  used  abroad,  we  should  be 
familiar  with  it  for  purposes  of  comparison. 
The  papers  referred  to  describe  it  fully.  It 
is  also  discussed  by  Mme.  Laborde  in  a 
recent  book  on  radium  therapy.^'' 

In  calculating  the  values  of  the  energy  ab- 
sorbed by  tissue  as  given  in  Table  I,  we  have 
taken  into  account  the  factors  i,  2,  3,  4,  and 
part  of  5  of  the  physical  conditions  of 
the    treatment.    To    include    5    completely 


we  must  consider  special  cases  in  which 
the  relative  positions  and  distances  of 
the  source  of-  radiation,  pathological  tissue 
and  normal  tissue  are  accurately  known. 
In  general,  however,  these  conditions  are 
known  only  approximately.  To  bring  out 
their  importance  Table  III  has  been  worked 
out.  If  we  give  the  same  erythema  dose  or 
any  fraction  or  multiple  thereof,  with 
all  the  applicators  of  Table  I,  we  can  call  the 
dose  on  the  skin  100  per  cent  in  each  case. 
Calculating  on  this  basis  the  doses  at  dif- 
ferent depths  of  tissue,  taking  account  of  the 
shape  and  size  of  the  applicator,  the  filtra- 
tion, the  distance  and  the  absorption  by  tis- 
sue, we  find  that  the  doses  at  any  depth  be- 
low the  surface  are  quite  different  for  the 
various  applicators.  This  knowledge  is  of 
importance  in  selecting  a  method  of  attack 
and  the  proper  applicator  for  the  treatment 
of  a  given  lesion*  It  should  be  borne  in 
mind,  however,  that  at  the  present  time  we 
cannot  make  effective  use  of  this  informa- 
tion because  we  do  not  know  with  any 
degree  of  accuracy  the  relative  susceptibility 
to  radiation  of  the  pathological  tissues  in  a 
given  lesion  and  the  normal  tissue  around  it. 
But  it  can  be  used  to  determine  just  the 
very  thing  we  do  not  know.  For  example, 
let  us  assume  a  nodule  which  we  estimate  to 
be  I  cm.  in  diameter  and  i  cm.  below  the  sur- 
face of  the  skin.  We  give  the  following 
treatment:  2000  mc.-hrs.,  using  500  mc.  of 
emanation,  the  brass  tray  of  Table  I,  equiv- 
alent filtration,  2  mm.  brass;  distance,  3  cm., 
and  we  find  that  the  nodule  disappears.  In 
this  case  we  estimated  the  tumor  to  be  be- 
tween the  first  and  second  centimeter  of  tis- 
sue from  the  skin  surface.  From  Table  III 
for  the  tray  we  find  that  the  dose  for  the 
nearer  side  of  the  tumor  was  57.9  per  cent 
and  for  the  farther  side  36.6  per  cent  of  the 
skin  dose,  which  injures  the  skin  hardly  at 
all.  The  disappearance  of  the  tumor  shows 
that  the  pathological  tissue  in  this  example 
must  have  been  at  least  three  times  as  sensi- 
tive as  the  normal  tissue  surrounding  it. 
Now  if  in  another  case  we  find  another  nod- 
ule which,  as  far  as  we  can  tell,  has  all  the 
clinical  and  pathological  characteristics  of 
the  first  one  but  is  located  between  the  sec- 

*In  practice  data  of  the  type  shown  in  Table  III 
are  needed  for  all  the  applicators  in  use,  tubes, 
needles,  etc. 
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ond  and  third  centimeters  below  the  skin, 
we  are  justified  in  assuming  that  the  same 
dose  of  radiation  as  before  delivered  to  the 
tumor  will  cause  its  retrogression.  From 
Table  III  we  see,  however,  that  the  tray  ap- 
plied as  in  the  previous  case  will  not  give  us 
sufficient  radiation  at  a  depth  of  2  to  3  cm. 
for  the  same  skin  effect  as  before.  We  need 
not  discuss  all  the  methods  by  which  we  can 
obtain  a  sufficient  dose  at  this  depth.  It  is 
evident,  however,  that  the  pack  at  6  cm.  used 


a  treatment,  which  may  be  measured  by  the 
duration  of  the  exposure  or  the  strength  of 
the  radioactive  source,  is  not  without  influ- 
ence on  the  final  result  and  must  be  taken 
into  account. 

The  physical  constants  which  enter  into 
the  complete  specification  of  a  dose  are: 

1.  The  strength  of  the  radioactive  source. 

2.  Its  distribution. 

3.  The  total  filtration  used. 

4.  The  duration  of  the  irradiation. 


TABLE  III 

TABLE   SHOWING   RELATIVE  DOSES   OF  RADIATION   REACHING  DIFFERENT  DEPTHS   OF 
TISSUE  FOR  VARIOUS   CONDITIONS   OF  APPLICATION 


Applicator 

Depth  belovvr  Skin 

Tray 

Surface 

I  cm.         1       2  cm. 

3  cm. 

100 

57-9 

36.6 

24.4 

Pack    (6  cm.) 

100 

72.8 

54-3 

40.8 

Pack  (10  cm.) 

100 

79-6 

62.6 

50.0 

Block 

100 

63.5 

42.6 

30.0 

Cork 

100 

42.0 

21,7 

12.9 

according  to  the  data  of  Table  I,  will  deliver 
a  little  larger  dose  of  radiation  to  this  tumor 
than  the  dose  delivered  to  the  first  tumor  by 
the  tray  application.  If  our  assumptions  as  to 
the  clinical  and  pathological  identity  of  the 
two  tumors  are  correct,  the  second  nodule 
should  also  disappear.  These  examples  illus- 
trate the  necessity  of  keeping  accurate  rec- 
ords so  that  sorely  needed  and  very  im- 
portant information  concerning  the  effects 
of  radiation  on  tissues  can  be  collected.  The 
problem  is  much  more  difficult  than  it  seems 
from  these  examples,  but  eventually  it  will 
undoubtedly  be  solved. 

SUMMARY 

In  this  paper  it  is  suggested  that  doses  of 
radiation  be  reckoned  according  to  the 
amount  of  energy  absorbed  by  the  radiated 
tissue.  The  latter  includes  not  only  the  path- 
ological tissue  which  we  are  trying  to  ob- 
literate but  also  the  normal  tissue  surround- 
ing it  which  we  must  not  injure  unduly.  The 
success  of  the  treatment  depends  on  the 
relative  amounts  of  radiation  absorbed  by 
healthy  and  diseased  tissue  as  well  as  on  the 
absolute  amount  of  radiant  energy  absorbed 
by  the  pathological  tissue.  The  intensity  of 


5.  The  relative  positions  and  distances  of 
the  source  of  radiation,  pathological  tissue 
and  normal  tissue. 

Having  the  above  data  we  can  express  the 
dose  in  any  unit  we  please.  Since  the  bio- 
logical effect  must  be  due  to  the  radiant  en- 
ergy absorbed  by  tissue,  it  is  suggested  that 
this  be  taken  as  measure  of  the  dose  ad- 
ministered and  that  it  be  expressed  in  cal- 
ories. 

At  the  present  time  it  is  not  possible  to 
express  doses  in  calories  for  all  forms  of 
radium  treatment,  because  some  of  the  data 
necessary  for  such  calculations  are  not  avail- 
able. The  same  data  are  needed  for  a  proper 
interpretation  of  clinical  results  and  there- 
fore it  is  very  important  to  carry  on  experi- 
ments leading  to  the  solution  of  this  prob- 
lem. 

Some  examples  given  in  this  paper  show 
the  advantage  of  the  method  of  dosage  sug- 
gested. Doses  of  gamma  radiation  given 
with  various  applicators  at  different  dis- 
tances from  the  skin,  which  produce  the 
same  degree  of  ervthema,  are  the  same  when 
expressed  in  calorics  but  very  different  when 
expressed  in  milligram-hours.  The  latter 
notation  can  be  used  only  to  represent  the 
amount  of  radiation  emitted  bv  the  radio- 
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active  source  but  not  to  represent  that  part 
of  the  emitted  energy  utilised  during  the 
treatment,  which  is  really  the  dose. 

Once  we  have  established  a  system  of  dos- 
age based  on  the  effective  radiation  at  any 
depth  of  tissue,  we-  can  use  to  better  ad- 
vantage the  knowledge  obtained  from  the 
treatment  of  patients.  The  difficult  problem 
of  determining  the  necessary  and  sufficient 
doses  for  different  pathological  conditions 
is  greatly  simplified.  It  should  be  noted,  how- 
ever, that  even  though  we  may  know  the 
amount  of  radiation  necessary  to  destroy  a 
certain  tumor,  and  can  administer  it,  it  does 
not  follow  that  the  patient  will  get  well.  If 
a  mistake  is  made  in  estimating  the  extent 
of  a  lesion  this  will  result  also  in  giving  an 
insufficient  dose.  Therefore,  a  good  know- 
ledge of  cancer  is  essential  for  the  success- 
ful application  of  radium. 

The  method  of  dosage  for  radium  therapy 
suggested  in  this  paper  can  be  used  for  .r-ray 
therapy  as  well. 
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EDITORIAL 

In  presenting  the  picture  of  our  Ex-Presi- 
dent, Dr.  Baetjer,  in  this  number  of  the  Jour- 
nal, we  are  prompted  thereto  by  the  opinion 
voiced  by  all  members  of  the  American 
Roentgen  Ray  Society  at  the  last  Annual 
Meeting  held  at  Washington,  D.  C,  that  in 
addition  to  the  dinner  which  was  given  in 
his  honor,  his  picture  should  appear  in  the 
Journal,  thus  commemorating  in  a  double 
way  the  esteem  in  which  he  is  held  by  the 
Society. 


THIRD  ANNUAL  MEETING  OF  THE 
EASTERN  SECTION,  A.  R.  R.  S. 

The  Third  Annual  Meeting  of  the  Eastern 
Section  of  the  American  Roentgen  Ray  So- 
ciety will  be  held  at  the  Ritz-Carlton  Hotel 
at  Atlantic  City  on  January  26,  27  and  28th. 

It  will  be  observed  that  a  day  has  been 
added  to  the  length  of  the  meeting  this  year. 
The  first  session  will  be  held  on  Thursday 
evening  at  8:15.  There  will  be  morning,  af- 
ternoon, and  evening  sessions  on  Friday,  and 
a  morning  and  an  afternoon  session  on 
Saturday,  with  a  dinner-dance  Saturday 
evening. 

The  manager  of  the  Ritz-Carlton  promises 
to  take  care  of  everyone  desiring  to  attend 
the  meeting,  and  will  make  every  effort  to 
make  the  stay  a  pleasant  one.  The  rates  will 
be  $10  per  day,  American  plan,  for  individ- 
ual rooms  with  a  bath,  and  $18  per  day, 
American  plan,  where  there  are  two  in  a 
room.  For  those  not  desiring  meals  in  the 
hotel  special  rates  have  been  secured  on  the 
European  plan,  as  follows:  Single  room  and 
bath,  $5.00;  double  room  and  bath,  $7.00. 
Resen^ations  should  be  made  as  early  as 
possible  and  be  sure  to  state  that  you  are  at- 


tending the  meeting  of  the  Eastern  Section 
of  the  American  Roentgen  Ray  Society. 

Visitors  who  are  not  members  will  be 
just  as  welcome  this  year  as  they  have  been 
in  previous  years.  Visitors  are  requested  to 
register  in  order  that  preparations  can  be 
made  for  their  care. 

An  attractive  program  is  nearly  complete 
and  will  be  published  in  the  next  issue  of  the 
Journal. 

The  Lantern  Slide  Exhibit  which  has  been 
such  a  successful  feature  of  previous  meet- 
ings will  be  held  again.  Those  having  in- 
teresting slides  which  they  wish  to  show 
should  make  application  for  a  place  on  the 
program.  Write  to  the  President  and  state 
the  number  of  slides  which  you  wish  to 
show. 

An  added  feature  of  the  meeting  this  year 
will  be  the  dinner-dance  which  will  be  given 
on  Saturday  evening.  Members  and  visitors 
are  requested  not  to  forget  this  feature  and 
be  sure  to  bring  the  ladies. 

Don't  Forget  the  Dates,  January 
26th.  27th,  28th. 

President,  J.  M.  Steiner,  M.D., 
103  Park  Ave.,  New  York  City 

Vice-President,  H.  M.  Imboden,  M.D., 
480  Park  Ave.,  New  York  City 

Secretary,  C.  A.  Waters,  M.D., 

1 1 00  N.  Charles  St.,  Baltimore,  Md. 

Arrangements  are  also  being  made  for  a 
commercial  exhibit,  which  was  so  successful 
last  year.  Correspondence  regarding  this  fea- 
ture should  be  addressed  to  Paul  B.  Hoeber, 
Business  Manager,  67-69  East  59th  St., 
N.  Y. 
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IMBEDDING  RADIUM  THROUGHOUT 

DIFFERENT  PARTS  OF  THE  BODY 

IN  MALIGNANCY 

THERE  are  four  important  methods  by 
which  large  quantities  of  radiation  can 
be  given  at  a  considerable  distance  from  the 
surface  of  the  skin.  The  first,  and  probably 
the  best  method,  is  by  imbedding  a  number 
of  radium  needles  throughout  the  organ  in- 
volved, as  well  as  in  the  adjacent  glandular 
tissues;  second,  by  using  heavy  filtered 
roentgen  rays  through  a  number  of  ports  of 
entry,  as  has  been  adopted  by  most  radiolo- 
gists ;  third,  by  using  heavy  filtered  roentgen 
rays,  exposing  large  skin  areas,  employing 
very  high  voltage,  which  is  now  known  as 
the  new  German  technique,  and  fourth,  by 
applying  a  pack  of  radium  tubes,  properly 
spaced,  the  pack  to  be  from  10  to  15  cm. 
square  in  order  to  give  ofif  a  large  amount 
of  secondary  rays,  the  same  as  when  large 
areas  are  treated  by  roentgen  rays  and  at 
sufficient  distance  so  that  the  loss  by  diver- 
gence is  not  too  great.  By  both  of  the  latter 
methods  it  is  necessary  to  use  large  ports  of 
entry,  because  we  depend  upon  the  second- 
ary radiation  in  the  tissues  as  well  as  upon 
direct  radiation. 

One  of  the  greatest  mistakes  made  by  ra- 
diologists has  been  that  they  have  given  a 
superficial  erythema  dose  when  a  lethal,  or 
cancer-destroying  dose  should  have  been 
given  to  destroy  all  cancerous  cells.  This  is 
difficult  by  any  method. 

During  the  past  year,  there  has  been  more 
discussion  and  investigation  in  regard  to  the 
best  form  of  radiation  that  will  destroy  mal- 
ignant tissue  of  all  types,  both  superficial 
and  deep,  and  the  best  technique  of  giving 
a  lethal  dose  to  cancer  cells,  than  there  has 
been  during  the  past  fifteen  years.  The  phys- 
ical laboratories  are  working  along  this  line, 
pathologists  are  taking  more  than  a  passing 
interest,  the  surgeons  are  realizing  the  im- 
portance of  radiotherapy,  all  specialists  are 
interested,  and  there  are  a  great  many  phys- 
icians who  are  devoting  their  entire  time  to 
this  subject.  Unfortunately  there  are  many 
purchasing  radium  and  giving  roentgen-ray 
treatment  who  are  not  qualified  and  never 
will  be.  It  is  extremely  unfortunate  that  the 
medical  profession  should  do  such  kind  of 


work,  whether  it  is  for  commercial  reasons 
or  through  ignorance. 

A  large  number  of  physicians  doing  radio- 
therapy, are  not  paying  sufficient  attention 
to  technique  to  accomplish  the  best  thera- 
peutic results.  Where  untoward  results  are 
obtained  from  radiation,  it  is  invariably  the 
result  of  bad  technique.  An  insufficient  dose 
applied  to  a  refractory  tumor  may  excite  its 
development.  An  excessive  treatment  may 
also  harm  and  subsequently  retard  the  cure 
of  the  tumor. 

Different  types  of  neoplasms  and  different 
types  of  healthy  cells  vary  in  their  sensibili- 
ty to  radiation,  but  a  determined  type  of 
cell  in  a  determined  part  of  the  body 
has  always  practically  the  same  sensibility. 
Glandular  tissue  is  more  sensitive  than  epi- 
thelioma, and  epithelioma  is  more  sensitive 
than  muscle.  The  different  neoplasms  differ 
greatly  in  their  sensitiveness  to  radiations, 
but,  within  certain  limits,  each  tumor  re- 
sponds in  a  characteristic  way  to  radiations, 
following  its  nature,  its  location  and  the  per- 
iod of  its  involvement.  The  same  type  of 
cells  at  times  behaves  differently,  according 
to  the  different  kinds  of  radiation  employed. 
What  we  aim  at  in  radiation  is  to  destroy 
neoplasm  without  destroying  the  adjacent 
tissue.  This  is  probably  best  acomplished  by 
burying  radium  needles. 

Radium  has  justly  achieved  a  good  repu- 
tation in  the  treatment  of  cancer.  Probably 
its  greatest  field  of  usefulness  is  in  prepar- 
ing a  malignant  area  against  wound-graft- 
ing and,  at  least  temporarily,  to  reduce  the 
vitality  of  the  cancer  cell.  Radiation,  applied 
either  as  radium  or  roentgen  rays,  de- 
stroys malignant  cells  beyond  the  area  of 
destruction.  During  the  reaction  from  ra- 
dium treatments  the  cells  undergo  retrogres- 
sion, their  resistance  is  reduced,  and  opera- 
tion can  be  performed  with  greater  effic- 
iency, but  operation  should  be  delayed  tmtil 
active  radiation  has  taken  place.  By  prop- 
erly combining  radiotherapy  and  surgery, 
we  can  increase  the  number  of  cures  and 
lower  the  mortality.  Radiation  sterilizes 
cancer  cells  at  a  greater  distance  than 
any  other  method  and  connective  tissue  is 
formed  which  acts  as  a  barrier  to  the  further 
extension  of  the  malignant  process. 

Ability  to  classify  the  cases  forms  an  im- 
portant part  of  the  training  of  the  radiolo- 
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gist.  The  question  of  large  dosage  altering 
normal  tissue  after  the  reaction  has  dis- 
appeared is  well  known  and  this  alteration  of 
tissue  will  not  permit  the  normal  tissues  to 
bear  so  well  a  second  exposure.  Normal  tis- 
sues are  usually  more  easily  injured  by  a 
repetition  of  the  radiation,  while  the  cancer- 
ous tissue  may  not  retrogress  in  a  propor- 
tional degree.  In  fact,  the  cancer  cells  and 
normal  tissue  may  react  in  about  the  same 
degree,  or  there  may  even  be  a  reversal  of 
the  primary  susceptibility  of  the  tissue.  This 
suggests  giving  the  maximum  dosage  at  the 
first  treatment  and  the  removal,  either  sur- 
gically or  by  electro-coagulation,  of  the  over- 
lying normal  tissue,  which  has  reached  ray 
toleration,  before  more  treatment  is  given. 

In  the  removal  of  a  tumor,  tissues  may  be 
incised  which  contain  microscopic  cancer 
cells,  and  at  a  time  when  the  lymphatic 
spaces  are  wide  open  and  the  cancer  cells 
are  easily  grafted  into  the  surrounding  tis- 
sues. But  if  these  cells  are  rendered  immune, 
a  relapse  cannot  occur,  except  it  arises  from 
cells  of  the  tumor  actually  living  before  they 
have  received  a  sufficient  dose  of  radiation, 
and  the  possibility  of  such  a  relapse  demands 
a  subsequent  prophylactic  treatment. 

I  have  discussed  and  corresponded  with 
various  radiologists  in  regard  to  imbedding 
radium  needles,  but  the  information  received 
makes  it  practically  impossible  to  draw  any 
general  conclusions.  The  time  of  exposure 
and  the  distance  of  the  needles  apart  vary 
considerably,  but  nearly  all  agree  that  imbed- 
ding radium  in  malignant  tissue  is  superior 
to  surface  applications  in  many  locations. 
Some  advise  placing  radium  needles  i  cm. 
apart,  while  others  advise  a  distance  of  23/2 
cm.  between  the  needles.  One  operator  gave 
two  or  three  hours'  exposure,  while  others 
gave  between  eight  and  twelve  hours'  expos- 
ure, using  the  same  amount  of  radium  ele- 
ment in  each  tube  and  at  the  same  distance 
apart,  and  practically  nothing  was  reported 
in  regard  to  the  reaction  in  the  tissues.  I 
have  adopted  as  a  standard  method  placing 
10  mm.  needles  i  cm.  apart  in  the  tongue  or 
tonsils,  and  have  been  giving  from  three  to 
eight  hours'  exposure.  This  produces  some 
inflammatory  reaction,  but  in  no  case  has 
marked  necrosis  taken  place,  except  in  one 
or  two  cases,  situated  in  the  buccal  mucous 
membrane  where  the  tissue  was  about  to 


break  down  or  has  broken  down  before  the 
treatment  was  begun.  An  epithelioma  of  the 
buccal  mucous  membrane  will  stand  only 
one-third  as  much  radiation  as  that  of  the 
tonsil  or  tongue.  The  mucous  membrane  of 
the  rectum  or  bladder  is  much  more  sus- 
ceptible than  that  of  the  vagina. 

The  method  which  we  have  been  employ- 
ing in  the  treatment  of  carcinoma  of  the 
breast  is  as  follows:  Give  surface  treatment 
of  either  roentgen  ray  or  radium  through  as 
many  ports  of  entry  as  possible.  Two  to 
three  weeks  later  we  have  been  imbedding 
as  high  as  25  or  30  needles  throughout  the 
breast,  through  the  axilla  and  throughout 
the  glands  leading  from  the  breast  to  the 
clavicle.  This  subject  was  discussed  and  I 
have  published  in  detail  the  manner  and  tech- 
nique of  inserting  the  needles  (American 
Journal  of  Roentgenology,  January,  1921). 

In  connection  with  this  method  of  radia- 
tion, I  report  the  following  cases: 

Case  I.  Mr.  C.  was  referred  with  an  in- 
operable carcinoma  of  the  left  tonsil.  He  was 
first  given  surface  application  of  radium  on 
the  left  tonsillar  region,  and  the  cervical 
glands  on  both  sides  of  the  neck  were  thor- 
oughly rayed  with  roentgen  rays  and  radium. 
One  month  later  16  (10  mgm.)  needles 
were  inserted  into  the  tonsil,  pharyngeal 
wall,  base  of  tongue  and  the  glands  at  the 
angle  of  the  left  jaw  for  three  hours.  At 
present  the  case  is  clinically  cured. 

Case  II.  Mr.  S.,  with  an  inoperable  car- 
cinoma of  the  left  tonsil  involving  the  palate, 
base  of  tongue  and  cheek,  was  in  very  poor 
physical  condition  and  was  brought  to  the 
hospital  in  an  ambulance.  Sixteen  10  mgm. 
needles  were  inserted  for  three  hours.  Some 
improvement  was  shown  at  first,  but  this 
process  was  entirely  too  extensive  to  expect 
more  than  palliation. 

Case  III.  Mrs.  B.  was  referred  by  a  prom- 
inent surgeon  who  refused  to  operate  for  a 
carcinoma  of  the  right  breast.  She  had  a 
mass  in  the  breast  as  large  as  a  lemon,  and 
the  axillary  and  supraclavicular  glands  were 
involved.  She  had  a  very  complete  course  of 
roentgen-ray  treatment.  Five  weeks  later 
twenty-five  10  mgm.  needles  were  inserted  in 
the  breast  and  adjacent  tissues.  She  is  clini- 
cally cured,  but  there  is  a  small  fibrous  nod- 
ule left  in  the  breast. 

Case    IV.    Mrs.    S.    was    referred    with 
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Paget's  disease  of  the  right  breast.  The 
needles  were  used  in  this  case  similar  to  the 
others  and  the  disease  of  the  nipple  has  en- 
tirely disappeared. 

Case  V.  Mrs.  S.,  aged  sixty-four,  was  re- 
ferred with  a  sloughing  epithelioma  of  the 
right  vulva.  Twenty  10  mgm.  needles  were 
inserted  three  weeks  ago.  She  has  greatly 
improved. 

Case  VI.  Mr.  C.  was  referred  with  carci- 
noma of  the  stomach.  His  physician  insisted 
upon  his  having  radium.  Fifteen  thousand 
mgm.  hours  were  given  on  the  abdomen,  a 
pack  15x15  cm.  square  containing  i  gm.  of 
radium,  at  4  cm.  distance.  This  patient  when 
first  seen  was  bed-fast.  At  the  present  time 
he  is  up  and  walking  around,  has  a  good  ap- 
petite and  feels  fine.  Of  course,  a  cure  is  not 
expected. 

Summarizing,  it  is  aparent  that  the  effort 
to  attain  curative  results  in  the  treatment  of 
cancer  by  ray  therapy  will  only  be  success- 
ful when  adequate  methods  of  treatment  are 
developed.  In  our  present  ignorance  of  the 


exact  nature  of  malignant  growths,  and 
with  the  apparent  fact  that  the  radium  and 
roentgen  rays  are  effective  in  the  destruction 
of  malignant  growths  only  when  a  lethal 
dose  of  the  rays  reaches  all  the  malignant 
cells,  it  follows  that  the  best  technique  for 
the  application  of  these  rays  is  that  which 
will  most  satisfactorily  approximate  a  homo- 
geneous irradiation  with  the  necessary  ray 
dose.  This  will  in  general  not  be  the  simplest 
technique,  and  often  will  involve  a  combina- 
tion of  methods.  With  radium  the  necessary 
dose  can  be  given,  using  the  minimum  quan- 
tity of  radioactive  material  and  with  the 
least  destructive  effect  on  adjacent  normal 
tissues,  by  the  insertion  of  multiple  sources 
of  the  rays  into  the  tumor  mass.  When  ade- 
quate quantities  of  radium  are  lacking  to 
control  extensive  regional  involvement,  the 
use  of  massive  doses  of  heavily  screened 
roentgen  rays  through  large  ports  of  entry 
seems  to  offer  most. 

Russell  H.  Boggs. 
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Mastoids,  Roentgenologically  Considered,  by 
Frederick  M.  Law,  M.D.  Annals  of  Roent- 
genology, a  series  of  Monographic  Atlases, 
edited  by  James  T.  Case,  M.D.  Volume  i, 
containing  42  x-ray  studies  on  21  photo- 
graphic plates  and  11  text  illustrations,  39 
pages  of  text  in  English,  French  and  Span- 
ish of  the  plates.  Price  $16.00.  Paul  B. 
Hoeber.  New  York,  1920. 

This  monographic  atlas  serves  to  bring  to  the 
roentgenologist  a  post-graduate  course  in  the 
roentgenological  diagnosis  of  diseases  of  the 
mastoid.  It  contains  a  series  of  master  roent- 
genograms with  which  useful  comparisons  can 
be  made  by  the  roentgenologist  as  often  as  de- 
sired. These  contact  prints  are  positives  from 
the  original  negatives  in  order  to  lose  as  little 
detail  as  possible,  and  every  one  is  a  triumph 
of  roentgenographic  and  photographic  skill. 
Types  of  normal  mastoids  are  described,  fol- 


lowing which  pathological  mastoids  are  dis- 
cussed. The  technique  for  gettmg  good  views 
of  the  mastoids  is  well  described  and  fully 
illustrated.  For  line  detail  the  author  prefers 
a  gas  tube  with  a  current  of  30  to  40  ma.,  and 
an  equivalent  spark  gap  of  5^  inches  for  five 
seconds  and  a  distance  of  18  inches  with  2  mm. 
of  aluminum  filter. 

The  plates  which  illustrate  simple  acute 
mastoiditis  are  very  characteristic.  Perisinuous 
abscess,  cholesteatoma,  and  cyst  of  the  mastoid 
are  depicted  so  as  to  teach  a  roentgenologist 
to  be  able  to  recognize  these  conditions  when 
he  is  not  familiar  with  them.  Undeveloped  in- 
fantile, chronic  mastoid,  and  postoperative 
mastoids  are  also  very  well  illustrated. 

The  book  is  of  the  high  standard  set  by  the 
Annals  of  Roentgenology  and  is  especially 
valuable  to  roentgenologists  attached  to  gen- 
eral hospitals. 

A.   H.   PiRIE 
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Warnekros.  Pregnancy  and  Labor  in  Roent- 
gen Pictures.  (Ztschr.  f.  Geburtsh.  u.  Gy- 
ndk.,  1918,  Ixxx,  719.  Am.  J.  Ohst.  &  Gynec, 
1920,  i,  318.) 

Advance  in  technique  has  made  it  possible 
to  procure  exact  pictures  of  the  fetus  within 
the  uterus  by  means  of  very  short  exposures 
of  about  eight-  to  nine-tenths  of  a  second.  By 
preparing  series  of  pictures  of  the  same  pa- 
tient in  the  course  of  pregnancy,  and  especial- 
ly during  the  actual  process  of  labor  Warne- 
kros was  enabled  to  obtain  "by  direct  observa- 
tion" definite  information  concerning  the  nor- 
mal attitude  of  the  fetus  during  pregnancy, 
and  what  seems  more  important  concerning 
the  mechanism  of  labor.  Warnekros  with  some 
justification  demands  that  wherever  such  ob- 
servations do  not  harmonize  with  older  views 
or  theories,  the  latter  must  now  be  discarded 
as  positively  disproved.  In  regard  to  the  nor- 
mal attitude  of  the  fetus  he  concludes :  In  the 
absence  of  a  mechanical  disproportion  be- 
tween fetus  and  uterus,  and  in  the  absence  of 
any  material  or  fetal  abnormalities,  the  fetal 
head  is  held  in  a  comfortable  middle  flexion. 
The  fetal  vertebral  column  in  its  convex  bent 
IS  but  conforming  to  the  elliptoid  shape  of  the 
uterus.  There  is  also  no  forced  or  even  typical 
attitude  of  the  extremities.  Their  position  de- 
pends solely  upon  the  available  space.  This  is 
true  both  for  head  and  breech  presentations. 
Any  deviation  from  such  a  natural  attitude 
suggests  an  anomaly  of  some  sort.  Even  late 
m  labor  the  fetus  may  change  its  position.  The 
older  conception  that  the  presentation  is  de- 
pendent upon  the  stature  of  the  mother  is 
confirmed. 

A  thorough  revision  of  views  is  required  in 
regard  to  the  mechanism  of  labor.  Under  nor- 
mal conditions  the  head  enters  the  pelvic  canal 
without  further  increase  in  flexion.  The  ex- 
treme flexion  occurs  approximately  at  the 
time  when  internal  rotation  begins.  This  exag- 
geration of  flexion  clearly  is  the  result  of  the 
pressure  transmitted  from  the  fundus  by  way 
of  the  vertebral  column,  which  pushes  the 
occiput  deeper  down.  The  vertebral  column 
straightens  while  the  head  passes  through  the 
pelvis.  Internal  rotation  apparently  occurs,  as 
IS  generally  taught,  under  the  influence  of  the 


pelvic  floor  muscles.  At  the  moment  when  the 
head  is  bom,  in  contradiction  to  common  opin- 
ion, the  shoulders  are  still  seen  to  stand  trans- 
versely in  their  normal  relation  to  the  head. 
There  is  no  torsion.  The  thorax  is  circularly 
constricted  and  drawn  down  in  a  funnel  shape. 
These  findings  possibly  corroborate  the  older 
view  that  the  first  inspiration  is  effected  by  the 
spontaneous  expansion  of  the  compressed 
thorax. 

(This  article  contains  but  a  few  of  the  many 
excellent  radiograms  which  have  been  pub- 
lished in  form  of  an  atlas  by  J.  F.  Bergmann.) 

JuDD,  E.  S.  Jejunal  Ulcer,  {Surg., Gynec.  and 
Obst.,  August,  1921,  xxxiii,  120.) 

Gastrojejunostomy  offers  good  prospect  for 
permanent  relief  of  symptoms  in  gastric  or 
duodenal  ulcer.  In  gastric  ulcers  excision  of 
the  ulcer  should  be  performed  in  addition  to 
the  gastrojejunostomy. 

Unsatisfactory  results  are  most  often  due  to 
performance  of  gastrojejunostomy  when  no 
ulcer  exists.  The  operation  should  be  per- 
formed only  when  the  ulcer  can  be  demon- 
strated beyond  doubt. 

Jejunal  ulcer  is  one  of  the  most  serious  and 
common  complications  of  gastro-enterostomy. 
It  may  occur  in  the  line  of  anastomosis  as  a 
gastrojejunal  ulcer  or  below  as  a  true  jejunal 
ulcer.  It  is  usually  single,  but  may  be  multi- 
ple in  the  line  of  anastomosis.  Edema  and  ad- 
hesions to  surrounding  tissues  are  marked. 
The  lesion  in  the  mucosa  is  limited  to  the  in- 
testinal side  and  is  nearly  always  in  the  effer- 
ent loop. 

It  is  doubtful  if  jejunal  ulcer  is  ever 
primary,  but  if  so  it  is  exceedingly  rare.  The 
principal  cause  of  secondary  ulceration  is  un- 
doubtedly the  action  of  the  acid  secretion  on 
the  mucosa  of  the  jejunum.  Permanent  suture 
material  has  also  been  a  factor. 

The  author  tabulates  and  analyzes  loi  cases 
of  jejunal  ulcer  following  gastroenterostomy. 

Clinical  Manifestations. — Time  of  onset  of 
symptoms  varies  from  almost  immediately 
after  operation  to  eight  or  ten  years.  Pain  is 
usually  described  as  lower  in  the  abdomen  and 
more  to  the  left  than  before  operation;  no 
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periodicity  and  not  such  complete  relief  by 
food  or  alkalies.  In  a  certain  percentage  of 
cases  the  ulcers  become  adherent  to  the  colon 
and  perforate  into  it. 

Diagnosis. — Jejunal  ulcer  is  to  be  suspected 
when  a  recurrence  of  symptoms  takes  place 
after  a  period  of  relief  following  gastro-enter- 
ostomy  for  ulcer.  Roentgen-ray  examination 
offers  the  most  accurate  method  of  differential 
diagnosis.  It  must  be  differentiated  from  re- 
activation of  the  original  ulcer,  the  develop- 
ment of  malignancy,  and  inflammation  of  the 
appendix  or  gall-bladder.  Several  illustrations 
are  given  showing  the  deformity  at  the  stoma 
and  the  narrowing  of  the  jejunum  due  to  the 
presence  of  ulcer. 

Treatment. — Prophylactic  treatment  con- 
sists in  avoiding  trauma  and  the  use  of  non- 
absorbable suture  material,  careful  attention 
to  the  after-care,  especially  diet,  and  elimina- 
tion of  sources  of  infection  elsewhere  in  the 
body.  Surgical  treatment  consists  in  undoing 
the  gastro-enterostomy,  excising  the  jejunal 
ulcer,  closing  the  openings  in  stomach  and  in- 
testine, excising  the  original  ulcer,  and,  if  it 
seems  best,  doing  a  plastic  operation  on  the 
pylorus.  It  is  sometimes  necessary  to  perform 
another  gastro-enterostomy,  but  this  should  be 
avoided  because  of  the  liability  of  other  ulcers 
forming. 

KoHLMANN,  W.  Radium  in  Carcinoma  of  the 
Uterus.  (Surg.  Gynec.  and  Obst.,  August, 
1921,  xxxiii,  p.  158.) 

The  possibility  of  a  new  method  of  treat- 
ment of  uterine  cancer  with  better  results  has 
been  generally  welcomed  because  of  the  un- 
satisfactory results  achieved  by  surgery  in  this 
disease. 

The  author  discusses  the  questions  whether 
radium  should  be  used  only  in  inoperable  cases 
and  after  surgery  has  failed;  whether  it 
should  be  used  as  an  adjunct  to  surgery,  or 
whether  it  should  be  given  the  preference  as 
the  only  treatment,  without  surgical  assistance. 

In  inoperable  carcinoma  radium  treatment 
is  accepted  as  the  treatment  of  choice.  Its 
value  in  recurrent  carcinoma  after  panhyster- 
ectomy is  only  slight. 

Pre-operative  radiation  should  have  value 
but  it  should  be  followed  by  operation  not 
later  than  four  weeks.  The  author  employs 
radium  postoperatively  as  routine  treatment. 


Great  care  is  necessary  in  the  application  of 
radium  due  to  the  proximity  of  the  bladder 
and  rectum. 

Thus  far,  there  is  no  uniformity  of  opinion 
as  to  whether  radium  should  be  the  treatment 
of  choice  in  early  and  operable  carcinoma. 
The  author  cites  the  results  in  a  few  early 
cases  where  surgery  was  contraindicated  be- 
cause of  the  presence  of  complicating  disease 
and  in  which  he  used  radium  alone.  "The  re- 
sults in  these  cases  have  been  in  the  highest 
degree  satisfactory,  and  so  far  the  most  ex- 
tensive surgical  operation  could  not  have  pro- 
duced results  to  surpass  those  obtained." 
There  was  one  exception  to  this  in  a  case 
which  had  a  fulminating  recurrence  and  died 
as  a  result  of  hemorrhage,  but  this  case  was 
complicated  with  diabetes. 

The  writer  warns  against  giving  the  impres- 
sion that  radium  is  a  sure  and  permanent  cure 
in  advanced  cases.  Much  work  must  yet  be 
done  to  determine  how  far-reaching  is  the 
effect  of  radium. 

The  effect  of  radiation  in  carcinoma  can  be 
noted  in  a  few  days  after  application.  Infiltra- 
tion and  tumefaction  of  the  cervix  are  soon 
diminished  and  this  is  followed  by  shrinking 
of  the  mass  and  infiltration  of  the  broad  liga- 
ments. 

The  writer  cites  his  experience  in  12  cases 
treated  by  ligation  of  the  internal  iliac  and 
ovarian  arteries  prior  to  radiation.  He  also  de- 
scribes his  experience  in  the  treatment  of  96 
cases,  almost  all  of  which  were  of  a  very  ad- 
vanced type.  The  palliative  results  in  these 
cases  were  remarkable.  He  states  that  cases 
which  did  not  show  improvement  after  one  or 
two  treatments  have  not  been  influenced  even 
by  prolonged  treatment.  Further  application  in 
recurrences  following  an  apparent  cure  by 
radium  is  usually  without  effect. 

Technique  of  radium  application  is  as  fol- 
lows: Silver  tubes  i^  mm.  thick,  each  con- 
taining 25  or  50  mgm.  of  radium  are  covered 
by  a  soft  rubber  finger  cot,  the  end  of  which 
is  tied.  This  is  placed  in  the  crater  which  is 
usually  present  in  advanced  cases  and  allowed 
to  remain  twelve  hours.  The  vagina  is  packed 
with  sterile  gauze  in  order  to  protect  the 
rectum  and  bladder.  After  one  application  the 
mass  usually  shrinks  and  a  second  application 
is  made  intracervically.  Fifty  mgm.  covered  by 
a  celluloid  capsule  are  placed  in  the  cervix 
and  50  mgm.  in  the  still  existing  crater  or  up- 
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per  part  of  the  vagina.  Patient  returned  in 
from  four  to  six  weeks  and,  if  improvement 
had  taken  place  and  some  infiltrated  tissue  was 
still  present,  applications  were  repeated.  If  no 
improvement  was  observed,  further  treatment 
usually  was  without  effect.  During  the  past 
year  Kohlmann  has  varied  his  technique  with 
satisfactory  results.  The  time  of  the  first  ap- 
plication is  prolonged  to  twenty- four  hours 
and  repeated  after  six  weeks. 

Frankl,  O.,  and  Amreich,  I.  The  Histolog- 
ical Changes  Incident  to  Radium  and  X- 
Ray  Treatment  of  Uterine  Carcinoma. 
(Surg.,  Gynec.  and  Obst.,  August,  1921, 
xxxiii,  p.  162.) 

The  authors  attempted  to  learn  at  what 
time  the  action  of  radium  or  ;t:-rays  is  great- 
est and  the  point  at  which  the  effect  begins  to 
lessen  by  study  of  serial  sections  of  excised 
tissue  taken  at  different  intervals  from  the 
crater  and  its  edge  in  uterine  carcinoma. 

PROCEDURE 

Radium. — A  series  of  five  treatments  was 
given  covering  a  period  of  twelve  hours  at  in- 
tervals of  one  to  two  days,  using  50  mgm.  of 
radium  in  a  platinum  or  brass  filter  with  i  cm. 
cotton  and  rubber. 

X-Ray. — Focal  distance  22  cm.  Maximum 
dose  of  18  H.  units  filtering  through  3  mm. 
of  brass  and  0.5  m.  of  zinc,  wood  or  chamois 
four  times  as  thick;  3  ma.,  11  Benoist,  forty 
minutes  per  field.  Three  fields  in  front,  four 
in  back,  and  one  in  perineal  region.  A  second 
series  was  given  after  six  weeks. 

They  conclude  from  their  observations  that 
the  areas  directly  exposed  to  the  rays  showed 
the  first  changes  on  the  third  and  fourth  days ; 
that  the  influence  of  the  rays  was  greatest  be- 
tween the  fifth  and  seventh  days  ;  and  that  the 
rays  were  no  longer  effective  after  the  fortieth 
day,  when  the  genoceptors  of  the  cells  became 
active  and  caused  proliferation.  Areas  in- 
directly treated  were  slower  in  showing 
changes  and  the  effect  soon  wore  off.  The 
same  histological  changes  were  found  in  ;r-ray 
and  radium  treatment:  first,  edema,  then  en- 
largement of  the  cells  and  penetration  of 
lymphocytes  into  carcinoma  nests,  and  vacu- 
olation.  The  changes  took  place  sooner  after 
.ar-ray  than  after  radium  treatment,  and  in 
.!»r-ray  treatment  the  stage  of  swelling  of  the 
cells  is  omitted.  The  writers  believe  this  stage 


of  swelling  is  undesirable  in  treatment,  since 
it  seems  to  be  a  form  of  cellular  regression 
which  does  not  lead  to  cell  destruction. 

Peterson,  R.  The  X-Ray  after  the  Inflation 
of  the  Pelvic  Cavity  with  Carbon-Dioxide 
Gas  as  an  Aid  to  Obstetric  and  Gynecologic 
Diagnosis.  (Surg.,  Gynec.  and  Obst.,  August, 
1 92 1,  xxxiii,  p.  157.) 

The  author  summarizes  his  paper  as  fol- 
lows : 

1.  The  uterus  together  with  the  tubes  and 
ovaries  can  be  clearly  shown  by  pneumoperi- 
toneal  roentgenography. 

2.  Owing  to  their  distention  with  gas  the 
tubes  are  rather  more  clearly  demonstrated  by 
the  ;r-ray  where  inflation  has  been  brought 
about  through  the  transuterine  route  than 
where  the  inflation  has  been  made  transperiton- 
eally, 

3.  On  account  of  the  rapid  absorption  of 
carbon-dioxide  gas  with  equally  rapid  subsi- 
dence of  the  discomfort  produced  by  the  in- 
flation, this  gas  should  be  used  in  preference 
to  oxygen,  which  is  very  slowly  absorbed. 

4.  Irregularities  of  the  uterus,  omental  and 
bowel  adhesions  are  clearly  demonstrated  by 
the  pneumoperitoneal  .ar-ray. 

5.  In  not  a  few  instances  the  diseased  and 
enlarged  appendages  are  more  clearly  made 
out  by  pelvic  roentgenography  than  by  the 
most  careful  and  searching  bimanual  exami- 
nation even  under  anesthesia. 

6.  With  the  improved  position   (knee  chest' 
and  Trendelenburg)  smaller  and  smaller  quan- 
tities of  gas  will  be  necessary  for  inflation. 
Thus  discomfort  will  be  reduced  to  a  mini- 
mum. 

7.  If  the  technique  of  pelvic  roentgenogra- 
phy be  good,  retention  of  bowel  coils  in  the 
pelvis  will  be  proof  of  adhesions. 

8.  The  pneumoperitoneal  .r-ray  is  able  to 
demonstrate  pregnancy  at  a  much  earlier  per- 
iod than  is  possible  by  the  examining  fingen 

9.  With  good  technique  and  good  judgment 
in  the  selection  of  cases,  both  transuterine  and 
transperitoneal  gas  inflation  are  free  from 
danger. 

10.  Bimanual  pelvic  examination  and  pelvic 
pneumoperitoneal  roentgenography  are  not 
antagonistic  diagnostic  methods.  Each  is  val- 
uable and  their  value  is  enhanced  if  they  be 
used  in  conjunction,  each  acting  as  a  check 
upon  the  other. 
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Ivy,  a.  C.  Studies  on  Gastric  and  Duodenal 
Ulcer.  (/.  Am.  M.  Assn.,  December  4,  1920, 
Ixxv,  23.) 

This  experimental  study  on  gastric  and  duo- 
denal ulcer  bears  out  the  previous  contention 
of  the  author  that  two  factors  are  necessary 
for  the  experimental  production  of  ulcer. 
First,  the  temporary  or  permanent  lowering 
of  the  body  resistance,  and  second,  a  tempor- 
ary pathological  mucous  membrane  mani- 
fested by  hypo-acidity  or  achylia.  He  demon- 
strates that  exposure  of  the  mucous  mem- 
brane of  the  pyloric  antrum  to  the  exterior 
causes  no  anatomical  or  physiological  change 
even  after  ten  months'  exposure.  Manipula- 
tion of  an  acute  ulcer  and  mucosa  of  the  py- 
loric antrum  causes  a  delay  in  the  healing 
amounting  to  fi^m  two  to  three  times  the 
normal  healing  time.  The  healing  time  of  an 
acute  ulcer  of  the  mucosa  in  a  healthy  dog  is 
not  influenced  by  direct  exposure  to  infection. 
Duodenal  ulcer  occurs  in  a  dog  accompanied 
by  emaciation,  vomiting,  cachexia  following 
gastroduodenostomy.  The  ulcers  are  located 
along  the  course  of  the  blades  of  the  clamp, 
and  not  at  the  suture  line.  He  calls  attention 
to  the  possible  injury  resulting  in  the  use  of 
the  gastro-enterostomy  clamp  as  related  to  the 
origin  of  jejunal  ulcer. 

W.  W.  Belden. 

Palefski,  I.  O.  Intubation  and  Visualization 
of  the  Duodenum  with  the  Duodenal  Tube. 
(/.  Am.  M.  Assn.,  December  4,  1920,  Ixxv, 

23-) 

This  article  is  a  further  discussion  of  the 
one  which  was  published  in  1914  describing 
the  technique  and  visualization  of  the  upper 
intestinal  tract  by  the  conjoint  use  of  the  duo- 
denal tube  and  the  roentgen  ray  for  the  pur- 
pose of  studying  the  course  of  the  entire  duo- 
denum and  the  commencing  jejunum.  It  fur- 
ther emphasizes  that  by  this  method  displace- 
ments and  angulations  of  the  duodenum  as  a 
result  of  periduodenal  adhesions  can  be  de- 
tected. It  is  not  always  possible  by  the  usual 
fluoroscopic  and  roentgen  methods.  After  the 
duodenal  tube  has  been  passed,  several  speci- 
mens of  the  duodenal  contents  are  obtained 
for  the  physical,  chemical  and  microscopic  ex- 
aminations. The  tube  is  then  filled  with  a  sus- 
pension of  barium  and  plates  are  taken  both 


erect  and  prone.  The  course  taken  by  the  duod- 
enal tube  along  the  lesser  curvature  of  the 
stomach,  in  the  duodenum  and  in  the  commen- 
cing jejunum,  is  shown  as  a  horseshoe-shaped 
curve.  The  curve  along-  the  lesser  curvature  is 
normally  about  2  to  3  inches  above  that  of  the 
transverse  part  of  the  duodenum.  In  periduod- 
enal adhesions  and  in  pyloric  adhesions  the 
course  of  the  tube  is  usually  altered.  The  pa- 
tient is  then  allowed  to  drink  half  a  glass  of 
barium  suspension  and  plates  are  again  made 
in  both  positions.  He  states  that  the  ;f-ray 
tube  must  be  at  right  angles  to  the  patient  and 
the  latter  placed  flat  against  the  plate.  He  ar- 
rives at  the  following  conclusions,  namely, 
that  the  duodenal  tube  offers  the  best  means  of 
visualizing  the  course  of  the  duodenum.  Fail- 
ure of  the  tube  to  pass  beyond  the  first  portion 
of  the  duodenum  within  four  hours,  he  regards 
as  indicative  of  spasm  or  organic  obstruction. 
Further,  the  "duodenal  tug"  and  obtained 
duodenal  contents  are  not  always  reliable  as  a 
means  of  localizing  the  tube  in  the  duodenum. 
High  acidity,  blood  in  the  duodenal  contents 
and  a  normal  duodenal  curve,  when  the  duod- 
enal tube  is  in  situ,  are  pathognomonic  evi- 
dence of  duodenal  ulcer.  A  normal  or  subnor- 
mal acidity,  absence  of  blood  in  the  duodenal 
contents  and  a  distorted  duodenal  curve  are 
pathognomonic  evidence  of  periduodenal  ad- 
hesions. The  duodenal  tube  offers  a  much  bet- 
ter means  of  differentiating  duodenal  ulcer 
and  periduodenal  adhesions,  and  also  the  diag- 
nosis of  these  conditions,  than  the  roentgen 
examination  alone. 

W.  W.  B, 


Eggleston,  E,  L,,  Critical  Review  of  500 
Cases  of  Gastric  and  Duodenal  Ulcer,  (/, 
Am.  M.  Assn.,  December  4,  1920,  lxxv,23.) 

In  this  very  able  article  the  author  shows  a 
definite  preference  for  medical  rather  than 
surgical  treatment  of  gastric  and  duodenal  ul- 
cer. He  states  that  if  peptic  ulcer,  particularly 
the  duodenal  ulcer,  is  observed  early  and  if  the 
patient  will  submit  to  a  carefully  planned 
course  of  treatment  for  a  reasonable  time  and 
will  follow  up  this  treatment  by  a  carefully 
regulated  diet  for  a  period  of  some  months, 
one  can  be  sanguine  of  obtaining  a  complete 
cure.  In  addition,  in  uncomplicated  cases 
of  long  standing,  if  put  upon  proper  medical 
treatment  the  patient  will  be  relieved  in  at 
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least  70  per  cent  of  the  cases.  He  further 
states  that  in  a  great  majority  of  cases  in 
which  the  symptoms  disappear  during  medi- 
cal treatment  and  return  later,  the  fault  is  due 
to  dietetic  carelessness.  He  states  that  it  is 
quite  possible  to  have  an  ulcer  only  partially 
healed  and  that  the  relief  of  symptoms  should 
not  to  be  taken  to  mean  permanent  healing; 
that  most  of  the  cases,  which  are  apparently 
cured  by  medical  treatment  but  have  in  a  lapse 
of  some  months  the  return  of  the  symptoms, 
are  due  to  the  partial  healing  of  the  ulcer.  His 
position  in  regard  to  surgical  treatment  is  that 
it  is  to  be  preferred  in  cases  complicated  by 
pyloric  stenosis  not  yielding  readily  to  medical 
measures ;  also  in  cases  showing  repeated  hem- 
orrhages, penetrating  or  perforating  ulcers; 
and  for  cases  in  which  a  prolonged  medical 
course  of  treatment  is  impossible. 

He  lays  particular  stress  upon  the  fact  that 
gastro-enterostomy  is  by  no  means  a  curative 
procedure  and  should  be  resorted  to  only  in 
cases  of  pyloric  stenosis  or  in  conjunction 
with  resection  of  the  ulcer,  cauterization,  in- 
folding or  gastrectomy.  He  also  lays  particu- 
lar stress  upon  the  fact  that  the  patient  after 
being  discharged  from  medical  care  should  ob- 
serve the  strictest  regulations  in  diet  for  some 
month, and  that  this  should  be  impressed  upon 
the  patient,  not  only  following  medical  treat- 
ment of  ulcers  but  also  following  operative 
procedure. 

W.  W.  B. 

Roberts,  D.  The  Roentgen  Diagnosis  of  Gall- 
Bladder  Lesions.  (/.  Am.  M.  Assn.,  Decem- 
ber 4,  1920,  Ixxv,  23.) 

Roberts  states  that  the  roentgenographic 
diagnosis  of   gall-stones  and   a  dilated  gall- 


bladder is  possible  at  the  present  time  with  a 
small  percentage  of  failures.  He  mentions  in 
technique  that  absolute  stillness  of  the  patient 
during  exposure  is  essential.  In  the  technique 
which  he  says  gives  the  most  satisfactory  re- 
sults he  uses  a  medium  focus  gas  or  hydrogen 
tube,  a  target  plate  distance  of  28  inches,  a 
small  cone  giving  an  exposure  field  of  5  or  6 
inches,  a  spark  gap  of  2^/^  or  3^  inches  and 
20  to  30  ma.  He  states  that  a  negative  diag- 
nosis is  of  value  dependent  upon  the  intensity 
of  detail  and  the  sharpness  of  the  image  se- 
cured. He  states  that  it  is  of  very  little  value 
where  satisfactory  roentgenograms  cannot  be 
made,  owing  to  the  size  of  the  patient.  He 
claims  that  it  is  fallacy  that  only  10  or  15  per 
cent  of  gall-stones  can  be  visualized  and  that 
the  demonstration  of  the  pathological  gall- 
bladder is  possible,  because  of  the  marked  im- 
provement in  technique,  especially  in  the  use 
of  duplitized  films  and  double  screens  which 
makes  the  roentgen  diagnosis  easier.  Roberts 
takes  somewhat  the  same  view  as  George  of 
Boston,  that  all  gall-bladder  shadows  which 
are  shown  are  pathological,  but  he  states  that 
it  has  been  his  experience  that  the  shadow  of 
the  normal  gall-bladder  is  sometimes  shown. 
Gall-bladder  roentgenograms  of  satisfactory 
detail,  as  he  states,  can  only  be  secured  by  us- 
ing rays  of  low  penetration  with  duplitized 
films  and  fast  screens.  He  claims  that  the 
greatest  limitation  in  roentgenographic  diag- 
nosis of  gall-bladder  disease  is  the  impossibil- 
ity at  the  present  time  of  securing  roentgeno- 
graphic evidence  of  chronic  gall-bladder  in- 
flammation, where  there  is  no  dilatation  or  a 
new  growth  of  the  gall-bladder  or  bile-ducts. 

W.  W.  B. 
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OTWITHSTANDING  the  high  effic- 
iency of  the  roentgen  ray  in  the  di- 
agnosis of  gastric  cancer  and  gastric  ul- 
cer, I  have  at  various  times  pointed  out 
that  the  roentgen-ray  examination  does  not 
always  determine  the  benignancy  or  malig- 
nancy of  a  given  ulcerous  lesion.  As  excep- 
tions to  this  view  have  occasionally  been  ex- 
pressed I  believe  that  a  broader  discussion 
of  the  subject  may  contribute  to  still  greater 
concord  of  opinion. 

Roentgenologic  distinction  between  typical 
cancer  and  typical  ulcer  is  manifestly  not 
difficult.  One  is  a  tumor  mass  intruding  on 
the  gastric  lumen,  the  other  is  an  excavation 
in  the  gastric  wall.  Correspondingly,  the  vis- 
ualized gastric  chamber  shows  a  local  dimin- 
ution, a  filling  defect,  in  the  former,  and  a 
local  expansion,  a  niche,  in  the  latter.  One  is 
plus,  the  other  minus.  These  lesions  are  eas- 
ily diagnosed ;  many  are  operated  on  and  for 
the  most  part  adequately  proved. 

From  a  pathologic  standpoint  this  classi- 
fication is  rather  diagrammatic.  Between  the 
classic  tumor  and  the  classic  ulcer  are  innum- 
erable gradations  according  to  the  predomin- 
ance of  one  or  the  other  feature.  At  opera- 
tion are  found  ulcerating  cancers,  ulcers 
which  contain  a  minority  of  cancer  cells,  and 
benign  ulcers  with  or  without  surrounding 
tumefaction. 


Roentgenologically  we  are  obliged  to 
group  these  lesions  in  two  general  diagnostic 
classes,  the  tumorous  and  the  ulcerous.  The 
tumorous  lesions  are  commonly  diagnosed  by 
the  roentgen  ray  as  cancer,  because  experi- 
ence has  taught  us  that  nearly  all  the 
gastric  tumors  are  carcinomatous.  The  ul- 
cerous lesions  are  reported  by  the  roentgen- 
ologist as  ulcers  because  the  characteristic 
niche-deformity  is  within  the  wall  of  the 
stomach.  When  they  are  exposed  at  opera- 
tion they  generally  have  the  macroscopic  ap- 
pearance of  benign  ulcer,  but  microscopic 
examination  of  tissue  from  the  ulcer  some- 
times reveals  cancer. 

Ulcers  which  show  microscopic  evidence 
of  cancer  may  be  divided  into  two  types.  In 
one  type  both  the  border  and  the  floor  of  the 
ulcer  contain  cancerous  tissue  in  abundance, 
(Fig.  I.).  These  are  generally  believed  to  be 
ulcerating  cancers  which  were  malignant 
from  the  beginning.  This  was  the  opinion 
of  Hauser  who  stated  that  in  a  primary  can- 
cer-ulcer the  entire  border  and  floor  are  con- 
stantly more  or  less  infiltrated  with  cancer- 
ous tissue,  inasmuch  as  the  infiltration  pre- 
cedes the  ulceration.  In  the  second  type  the 
floor  of  the  ulcer  does  not  contain  cancer  but 
cancer  is  found  in  the  ulcer  margin.  (Fig. 
2) .  This  type  has  been  given  special  attention 
in  connection  with  the  development  of  can- 
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cer  on  ulcer,  a  theme  which  has  stimulated 
an  extensive  literature. 

Many  articles  have  been  published  by  clin- 
icians, surgeons,  and  pathologists  represent- 
ing every  shade  of  opinion  from  that  of 
Hirschfield,  who  denied  any  relation  at  all 
between  gastric  cancer  and  ulcer,  to  that  of 
Zenker  who  held  that  most  gastric  cancers 
develop  on  ulcer.  (See  in  bibliography,  1,4, 
5,  7,  9,  10,  II,  12,  13,  14,  16,  17,  20,  21,  24, 
25,  26,  27,  28,  29,  30,  31,  32,  33,  34,  35,  36, 
37,38,40,41,42,43.) 

Except  Hirschfield,  who  seems  to  be  alone 
in  his  view,  all  agree  that  cancer  may  de- 
velop on  ulcer,  and  only  the  frequency  of 
such  development  is  in  controversy.  Regard- 
less of  the  issue  of  this  debate,  it  is  difficult 
to  escape  the  conclusion  that  any  ulcer  is  a 
potential  cancer.  The  obvious  corollary  is 
that  treatment  should  be  surgical  and  the  ul- 
cer excised  or  destroyed. 

Many  malignant  ulcers,  particularly  those 
containing  small  amounts  of  cancerous  tis- 
sue, appear  to  be  ulcers  simply  and  solely,  as 
seen  by  roentgenologists,  clinicians,  and  sur- 
geons. Abundant  evidence  can  be  gathered 
to  substantiate  this  claim.  Surgeons  and 
pathologists  see  these  lesions  daily  and  have 
learned  that  they  cannot  depend  on  a  gross 
examination  to  determine  whether  they  are 
malignant  or  benign.  W.  J.  Mayo  says, 
"Even  at  operation  it  is  sometimes  difficult 
to  determine  whether  the  condition  is  can- 
cer or  ulcer  .  .  .  imtil  a  specimen  is  secured 
for  microscopic  examination."  In  a  report  of 
a  number  of  such  lesions,  Wilensky  and 
Thalheimer  say,  "In  all  these  it  was  not  pos- 
sible to  make  the  diagnosis  of  malignancy 
from  the  gross  appearance  of  the  specimens 
as  they  were  observed  at  operation."  Even  in 
those  adjudged  to  be  benign  microscopic  di- 
agnosis, they  state,  was  arrived  at  with  dif- 
ficulty in  a  few  because  of  atypical  hyper- 
plastic forms  at  the  margin. 

Ewing  has  made  the  statement,  'Tn  my 
own  material  I  have  had  much  difficulty  in 
deciding  how  to  interpret  some  ulcerating 
and  cancerous  lesions." 

Kiittner  states,  'Tn  many  cases  it  is  not 
possible,  either  clinically  or  with  the  ab- 
domen open,  macroscopically  to  differentiate 
callous  ulcer  from  cancer.  The  microscopic 
examination  alone  makes  the  differential  di- 
agnosis". 


Payr,  likewise,  states,  "Clinically,  histor- 
ically, and  even  after  thorough  macroscopic 
examination  of  the  specimen  a  case  may  ap- 
pear to  be  one  of  quite  typical  ulcer,  and  the 
subsequent  histologic  examination  first  tells 
us  in  an  unequivocal  way,  the  unpleasant 
fact  that  a  beginning  or  advanced  cancer  is 
present". 

Orth  remarks  that  the  macroscopically  ul- 
cerous appearance  can  never  be  relied  on. 

MacCallum  has  seen  typical  round  ulcers, 
in  the  margins  of  which  carcinomatovis 
growth  of  epithelium  of  unmistakable  char- 
acter was  found,  although  the  tumor  had  not 
developed  sufficiently  to  disturb  the  charac- 
teristic appearance  of  the  ulcer. 

Aschoff  asserts  that  often  only  the  micro- 
scope can  determine  whether  or  not  a  cancer- 
ous ulcer  is  present,  and  that  the  microscopic 
distinction  is  not  always  easy. 

Henke  believes  that  to  determine  macro- 
scopically without  sectioning  whether  a  cal- 
lous gastric  ulcer  is  or  is  not  cancerous  is  im- 
possible in  many  cases. 

From  the  roentgenologic  standpoint  Clair- 
mont  and  Haudek  write  as  follows:  "Al- 
though many  criteria  make  it  possible  to  dif- 
ferentiate cancer  from  ulcer,  this  distinction 
is  risky  in  a  certain  group  of  cases  well  diag- 
nosed as  chronic  ulcer,  whose  transition  in- 
to cancer  cannot  be  excluded Since 

at  laparotomy  the  surgeon  has  difficulty  in 
making  the  differential  diagnosis  macroscop- 
ically, since  both  diseases  cause  infiltrated 
glands,  indeed  since  the  histologic  examina- 
tion must  be  conducted, most  thoroughly  in 
order  not  to  overlook  small  groups  of  cancer 
cells,  it  can  be  understood  that  here  roentgen 
diagnosis  must  find  a  limit".  Again,  they 
state,  "The  wide  consensus  of  view  that  a 
chronic  ulcer  should  have  surgical  treatment 
makes  its  differentiation  from  cancer  super- 
fluous. Certain  it  is  that  thereby  many  times 
the  generation  of  a  cancer  will  be  pre- 
vented". 

All  this  testimony  is  fairly  representative 
of  the  mass  of  opinions  and  indicates  the 
vanity  of  any  hope  we  might  have  enter- 
tained that  the  roentgen  examination  may 
succeed  in  a  task  which  is  sometimes  difficult 
for  the  microscope. 

MacCarty  has  said,  "If  the  surgical  path- 
ologist cannot  always  distinguish  grossly 
simple,  chronic,  gastric  ulcers  from  carcino- 
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Fig.  I.  Case  206304.  Malignant  ulcer,  niche-type.  Can- 
cer in  floor  and  margin.  Arrow  indicates  crater. 

matous  gastric  ulcers,  it  is  impossible  for 
surgeons,  roentgenologists  and  clinicians  to 
make  the  differentiation  with  their  lesser  in- 
struments of  observation,  there  being  no 
specific  clinical  or  laboratory  test  for  earl}- 
cancer". 

Conceding  the  justice  of  my  colleague's 
criticism  from  the  strict  point  of  view  of  the 
pathologist,  I  believe,  nevertheless,  that  to 
impose  such  limitations  of  diagnostic  lati- 
tude would,  under  present  conditions,  impair 
the  practical  efficiency  of  the  roentgen-rav 
examination.  With  the  increased  capability 
of  the  roentgen  ray,  clinicians  and  surgeons 
place  correspondingly  increased  reliance  on 
it,  not  only  for  the  demonstration  of  gastric 
lesions   but   also    for   the   determination   of 


Fig.  2.  Case  346077.  Malignant  ulcer,  niche-type.  Can- 
cer found  over  an  extent  of  3  mm.  only,  in  margin. 


Fig.  3.  Case  262866.  Ulcerating  cancer.  Large  deep 
ulcer  with  overhanging  margin.  This  is  the  type  of 
ulcer  whose  crater  may  be  seen  as  a  meniscus  dur- 
ing fluoroscopy. 

Fig.   4.    Case   166828.   Ulcerating   cancer,   having  the 
same  characteristics  as  the  one  shown  in  Figure  3. 

their  probable  character.  That  this  reliance 
has  not  been  entirely  misplaced  is,  I  believe, 
abundantly  proved.  On  the  other  hand,  I  do 
not  recommend  or  practice  diagnosis  on 
mere  suspicion.  All  conclusions  from  the 
roentgen  examination  should  be  well  rea- 
soned, and  the  examiner  should  not  be  ex- 
pected to  give  information  which  he  cannot 
possibly  obtain. 
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Fig.  5.  Drawing  illustrating-  the  demonstration  of  the  lesion  b}-  palpation  during  roentgenoscopy. 


It  would  seem  that  the  roentgenologist  is  nish  only  a  minimum  of  positive  informa- 

JDetween  two  fires.  On  one  side  is  the  clin-  tion. 

ician  who  desires  a  maximum  of  diagnostic  At  the  roentgen  laboratory  of  the  ^layo 

detail,  and  on  the  other  is  the  pathologist  Clinic  we  report  the  well  defined  ulcerous 

who  insists  that  the  roentgen  ray  can  fur-  gastric  lesion  of  the  niche-type  as  "ulcer",  be- 
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Fig.  6.  Drawing  illustrating  meniscus-like  appearance 
of  crater  seen  in  profile.  Ulcer  on  the  posterior 
wall  near  the  lesser  curvature. 

cause  in  its  gross  characteristics  it  is  an  ulcer, 
and  the  examiner's  associates  understand 
very  well  that  he  cannot  determine  whether 
its  histologic  structure  is  benign  or  malig- 
nant. Likewise,  a  gastric  filling  defect  with 
a  palpable  tumor  is  reported  by  us  as  "can- 
cer", because  experience  has  shown  that  95 
per  cent  of  such  tumors  are  cancers,  and  the 
empirical  element  in  the  diagnosis  is  thor- 
oughly comprehended  by  all  concerned.  But 
when  the  clinician  is  not  thoroughly  ac- 
quainted with  the  roentgenologist's  method 
of  examination  and  his  manner  of  expressing 
the  results  the  latter  should  report  his  diag- 
nosis in  guarded  terms.  A  lack  of  caution  in 
this  respect  adds  to  the  doubt  of  those  who 
view  roentgen  diagnosis  with  skepticism. 

As  I  suggested  at  the  beginning  of  this 
paper  some  ulcerating  cancers  have  the  gross 
characteristics  of  both  ulcer  and  cancer, 
(Figs.  3  and  4).  When  a  cancer  has  under- 
gone deep  ulcerous  excavation  and  the  ulcer 
is  surrounded  by  a  wall-like  overhanging 
margin  it  may  present  certain  pathological 
peculiarities  which  I  have  recently  described^ 
and  which  I  consider  pathognomonic.  Fluor- 
oscopic   examination    is    required    to    elicit 


these  characteristics  because  palpatory  man- 
ipulation is  indispensable  (Fig.  5).  The 
picture  thus  obtained  varies  shghtly  with  the 
site  of  the  ulcer. 

If  the  lesion  is  on  the  vertical  portion  of 
the  lesser  curvature  or  on  the  posterior  wall 
near  the  lesser  curvature,  approximation  of 
the  walls  of  the  stomach  by  palpation  causes 
the  crater  of  the  ulcer  to  appear  on  the  screen 
as  a  dark  shadow  resembling  a  meniscus  as 
seen  in  profile  (Fig.  6).  The  convexity  of  the 
meniscus  is  directed  outward  toward  the 
gastric  wall  and  its  concavity  toward  the  gas- 
tric lumen.  When  the  ulcer  saddles  the 
lesser  curvature  of  a  fishhook  stomach  distal 
to  the  incisura  angularis,  the  floor  of  the  ul- 
cer bends  with  the  lesser  curvature  and  its 
concavity  is  directed  outward  (Figs.  7  and 
8).  If  the  ulcer  is  high  in  the  stomach  on  the 
posterior  wall,  well  away  from  the  curvature, 
thinning  the  barium  by  manual  pressure  re- 
veals the  crater  as  a  somewhat  rounded 
dense  shadow  encircled  by  a  lighter  zone, 
but  no  crescent  is  seen  as  when  viewed  edge- 
wise (Fig.  9).  By  turning  the  patient  into 
the  lateral  view  and  palpating  the  stomach 
the  meniscus-like  appearance  of  the  crater 
mav  sometimes  be  obtained.  It  will  be  under- 


FiG.  7.  Case  365132.  Roentgenogram  of  ulcerating 
cancer  saddling  the  lesser  curvature,  at  the  pyloric 
end  of  the  stomach.  Arrows  point  to  meniscus. 
Irregularity  of  greater  cur\ature  due  to  spasm 
(Specimen,  Figure  8). 
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Fig.  8.  Same  case  as  in  Figure  7.  Ulcer  sectioned 
through  the  lesser  curvature  showing  half  of  the 
crater.  Note  the  thick  indurated  base  and  over- 
hanging margin. 

Stood  readily  that  other  modifications  of 
this  sign  may  result  from  variations  of  the 
pathologic  condition  or  situation  of  the  le- 
sion. For  example,  the  floor  of  the  ulcer  may 
be  flat  instead  of  curved  and  show  in  profile 
as  a  straight  line.  The  manner  of  palpation 
and  degree  of  pressure  exercised  also  affect 
the  outline  of  the  visualized  crater,  so  that 
it  may  appear  rectangular  or  biconcave,  or 
otherwise. 

Briefly  summarized,  the  visualized  crater 
of  this  ulcer  differs  from  the  classic  niche- 
type  in  three  particulars:  (i)  the  crater  is 
not  within  the  wall  of  the  stomach  and  there- 
fore does  not  project  from  the  visualized 
gastric  lumen;  (2)  in  profile  the  crater  ap- 
pears as  a  meniscus;  and  (3)  it  tends  to  re- 
tain its  barium  content  during  palpatory 
maneuvers  and  is  not  easilv  emptied  (Fig. 
10). 

For  two  or  three  years  I  have  been  ob- 
serving ulcerous  lesions  with  the  foregoing 
characteristics.  Operative  and  pathologic 
findings,  both  gross  and  microscopic,  have 
consistently  verified  the  diagnosis  of  cancer. 

On  the  other  hand  the  niche-type  of  ulcer 
(Figs.  II  and  12)  produces  virtually  the 
same  roentgenologic  manifestations  whether 
it  is  benign  or  malignant,  and  any  prediction 
of  its  probable  character  based  on  the  roent- 


gen-rav  findings  is  hazardous  (Figs.  13  and 

Large  size  of  the  ulcer  crater  is  one  in- 
dication of  malignaticy.  When  the  niche  rep- 
resenting the  crater  is  2.5  cm.  or  more  in  di- 
ameter, cancer  is  usually  found  in  the  ulcer 
on  microscopic  examination  (Fig.  15).  Un- 
fortunately a  smaller  ulcer  may  also  be  car- 
cinomatous, or  a  larger  oiie  may  exception- 
ally be  benign. 

In  this  connection  it  should  be  mentioned 
that  a  perforated  ulcer  producing  an  access- 
ory pocket,  no  matter  how  large,  is  seldom 
malignant.  It  is  true  that  an  ulcerating  can- 
cer may  break  through  the  gastric  wall  and 
attach  itself  to  adjacent  tissue,  but  filling  de- 
fects suggesting  the  presence  of  a  tumor  are 
also  likely  to  be  seen. 

A  marked  filling  defect  or  gross  deformity 
of  the  gastric  outline  adjacent  to  a  niche  may 
suggest  malignancy.  Such  deformities,  how- 
ever, are  most  often  due  to  induration,  per- 
foration, adhesions,  or  spasm  accompanying 
a  benign  ulcer. 

Other  minor  manifestations  of  benign 
and  malignant  niche  ulcers  offer  little  or  no 


Cvaisi"  of\canoe,roLLS  ulcev 


Fig.  q.  Drawing.  Ulcerating  Cancer  of  the  posterior 
Avail.  Appearance  of  the  crater  at  roentgenoscopy 
on  palpation. 
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Fig.  10.  Case  371607.  Roentgenogram  negative.  Ulcer- 
ating cancer  on  the  posterior  wall  of  the  middle 
portion  of  the  stomach,  near  the  lesser  curvature 
Meniscus-like  crater  seen  at  roentgenoscopic 
examination. 

aid  in  the  effort  to  distinguish  between  them. 
Cancers  which  are  not  mechanically  obstruc- 
tive are  commonly  associated  with  achylia 
and  a  gaping  pylorus,  while  benign  ulcers, 
even  though  distant  from  the  pylorus,  are 
likely  to  be  accompanied  by  hyperacidity, 
spasticity  of  the  pylorus,  and  six-hour  re- 
tention. But  such  findings  are  not  constant 
in  either  variety  of  ulcer,  and  only  slight 
weight  can  be  attached  to  them. 

The  broad  incisura  of  cancer  and  the  nar- 
row incisura  of  ulcer,  both  of  which  are  con- 
tractures of  the  greater  curvature  in  the 
plane  of  the  lesion,  depend  on  the  extent 
rather  than  on  the  character  of  the  lesion. 
Thus,  while  a  broad  incisura  would  corres- 
pond to  an  extensive  lesion  which  because  of 
its  size  is  open  to  the  suspicion  of  malig- 
nancy, the  small  ulcer  with  a  narrow  incisura 
is  not  wholly  exempt  from  mistrust. 

Alterations  of  peristalsis  are  of  trifling 
differential  significance.  A  gross  malignant 
ulcer  is  more  often  associated  with  anacidity 
and  peristaltic  sluggishness,  a  simple  ulcer 
with  hyperacidity  and  peristaltic  vigor,  but 
the  reverse  may  occur,  and  it  would  be  folly 
for  the  examiner  to  be  influenced  by  the  peri- 
stalsis observed. 

SUMMARY 

There  are  but  two  varieties  of  ulcerous 


Fig.  II.  Case  346553.  Benign  ulcer.  Arrow  points  to 
crater.  Xote  similarity  to  Figure  12. 

Fig.    12.    Case   292220.    Malignant   ulcer.   Arrow    in- 
dicates crater.  Compare  with  Figure  li. 


lesions  which  evince  any  noteworthy  roent- 
genologic indications  of  malignancy.  One  is 
the  ulcerating  cancer  with  the  meniscus- 
like crater.  The  other  is  the  niche-type 
of  ulcer  with  an  unusually  large  crater. 
With  these  exceptions  the  examiner  can- 
not venture  opinions  as  to  the  probable 
character  of  ulcers  revealed  by  the  roent- 
gen ray,  nor  should  he  be  expected  to 
do  so.  Any  ulcer  which  appears  to  be  benign 
macroscopically  may  prove  to  be  malignant 
microscopically.  Cancer  may  arise  in  an  ulcer 
which  was  primarily  benign. 

However  interesting  and  important  these 
facts  may  be  to  roentgenologists,  clinicians, 
surgeons,  and  pathologists,  they  are  vastly 
more  important  to  the  patient,  whose  wel- 
fare should  be  our  first  consideration. 
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Fig.  13.  Case  154564.  Roentgenogram.  Niche-type  of 
ulcer,  benign.  Arrow  points  to  niche.  Compare  with 
Figure  14. 


Fig.  15.  Case  20799.  Roentgenogram.  Niche-type  of 
ulcer.  Niche  extraordinarily  large.  Operation.  Can- 
cer demonstrated  microscopically. 


Fig.  14.  Case  116521.  Roentgenogram.  Niche-type  of 
ulcer,  malignant.  Arrow  points  to  niche. 
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DISCUSSION 

Dr.  G.  W.  Holmes.  I  hesitate  to  discuss  a 
subject  M^hich  has  been  presented  by  a  man 
who  has  had  such  an  extensive  experience  as 
Dr.  Carman.  But  in  our  clinic  at  the  Massa- 
chusetts General  Hospital,  we  have  a  group  of 
pathologists  who  practically  never  inake  a  di- 
agnosis of  cancer -on  ulcer.  The  findings  on 
which  we  base  a  differential  diagnosis  between 
cancer  and  ulcer  are  quite  dift'erent  from  Dr. 
Carman's.  We  put  considerable  stress  on  the 
peristaltic   function  of  the   stomach. 

Assuming  that  cancer  is  a  primary  lesion, 
then  the  duration  of  illness  is  so  short  that 
the  muscular  structure  of  the  stomach  does 
not  have  time  to  hypertrophy,  and  we  do  not 
get  the  extreme  hypermotility  that  we  see  in 
chronic  ulcei".  In  our  clinic,  we  are  examin- 
ing, about  2,000  cases  a  year.  We  have  not 
analyzed  them  so  carefully  as  Dr.  Carman  has. 

In  1914,  we  reported  the  results  of  our  cases, 
and  in  1920,  we  tabulated  them  again.  Our 
findings  ran  much  the  same  in  1920,  as  they 
did  in  1914.  We  found  a  considerably  larger 
number  of  cancers  than  ulcers.  I  think  it  would 
be  fair  to  assume  one  of  two  things.  Either  we 
must  be  missing  a  considerable  number  of 
ulcers,  or  cancer  is  more  frequent  than  ulcer  in 
our  clinic.  Supposing  that  most  cancers  arise 
on  ulcers,  then  we  ought  to  find  more  ulcers 
than  cancers,  but  we  do  not  find  this  to  be  true. 
If  we  were  missing  them,  the  surgeon  would 
check  us  up.  In  all  cases, we  have  a  brief 
history  taken.  It  is  not  like  the  one  which  the 
gastroenterologist  would  make — perhaps,  it  is 
a  little  better  in  some  ways,  because  we  do  not 
suggest  anything.  Take  a  large  number  of  these 
cases  and  note  the  duration  of  time  elapsing 
from  the  first  symptoms  until  the  lesion  is 
found.  Most  cancer  cases  will  come  within  a 
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period  of  months,  whereas  ulcer  cases  come 
within  a  period  of  years. 

I  think  that  the  differences  in  our  observa- 
tions and  those  of  Dr.  Carman  are  not  due  to 
technique,  as  we  use  practically  the  same,  but 
rather  to  the  difference  in  the  opinion  held  by 
the  pathologist  with  whom  we  work. 

Dr.  Franklin  W.  White.  One  thing  which 
appealed  to  me  in  the  remarks  of  Dr.  Carman 
was  the  fact  that  fluoroscopy  and  careful  pal- 
pation were  necessary  to  discover  some  of 
these  cancers.  I  was  struck  with  the  large  size 
of  some  of  the  cancers  which  he  showed  in  his 
diagrams  which  did  not  show  on  the  plates. 
Sometimes  roentgen  examinations  of  the  stom- 
ach are  carried  through  without  fluoroscopic 
examination — I  think,  however,  that  this  is 
done  less  and  less,  and  I  am  sure  that  we  have 
been  shown  that  even  such  a  large,  serious, 
and  important  lesion  as  a  well  developed  can- 
cer on  the  posterior  wall  of  the  stomach  may 
be  entirely  missed  without  the  use  of  the  fluor- 
oscope.  Nothing  is  more  serious  or  embarrass- 
ing, and  nothing  brings  more  discredit  on  the 
roentgen  examination  than  to  entirely  miss  a 
good  sized  gastric  cancer.  I  feel  sure  that  this 
method  of  fluoroscopy  and  palpation  which  Dr. 
Carman  has  described  will  prove  very  valuable 
in  this  field.  With  regard  to  the  frequency  with 
which  cancer  may  develop  upon  ulcer,  that 
question,  is  still  under  a  great  deal  of  discus- 


sion. As  a  clinician  it  seems  to  me  that  it  oc- 
curs much  less  frequently  than  we  should  ex- 
pect from  the  statistics  which  have  come  from 
the  Mavo  Clinic. 


Dr.  Carman  (closing  the  discussion).  A 
number  of  things  were  brought  up  in  the  dis- 
cussion which  are  irrelevant  to  the  paper.  Ex- 
act proof  of  the  development  of  cancer  on 
ulcer  is  difficult  to  obtain.  No  one  has  ever 
seen  the  process  of  transformation  in  actual 
progress.  Yet  most  pathologists  agree  that  it 
does  occur,  and  disagree  only  as  to  the  fre- 
quency of  its  occurrence.  Some  have  estimated 
that  80  per  cent  of  cancers  have  developed 
fix)m  ulcers.  Personally,  I  do  not  believe  that 
the  percentage  is  as  high  as  was  originally 
thought. 

The  cases  that  give  the  meniscus  sign  are 
few  in  number.  We  have  seen  onl}-  twenty-five 
or  thirty  in  the  last  three  or  four  years.  Cancer 
is  an  ulcerating  disease,  but  many  ulcerating 
cancers  do  not  give  this  sign.  Only  those  with 
deep  craters  and  overhanging  margins  can  be 
seen  in  this  form.  All  that  we  have  met  with 
have  been  malignant.  As  was  shown  in  the 
slides  palpation  is  absolutely  essential  to  de- 
monstrate this  lesion  when  it  is  above  the  in- 
cisura  angularis.  I  am  quite  sure  that  early  in 
our  work  we  have  missed  diagnosing  many  of 
these  cases. 
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THERE  is  no  other  system  in  the  human 
body  which  presents  such  peculiarities 
of  development  as  the  urogenital  system.  The 
nephridial  system  is  even  more  complicated 
than  the  reproductive.  This  is  due  to  its  three 
stages  of  development  which  eventually 
merge  into  one,  the  metanephric  stage.  When 
the  pronephric  stage  is  succeeded  by  the 
mesonephric  and  the  mesonephric  in  turn  by 
the  metanephric  is  still  a  matter  of  con- 
jecture. 

The  developmental  peculiarities  of  the 
nephridial  unit  alone  are  sufficient  to  make 
the  study  of  the  subject  interesting  as  well 
as  instructive.  They  afford  an  inexhaustible 


field  for  further  investigation  and  research. 

In  the  preparation  of  this  paper,  the 
writer  is  fully  conscious  of  the  depth  and 
magnitude  of  the  subject.  He  therefore  at 
this  time  simply  wishes  to  present  a  pre- 
liminary report  of  his  work  on  injected  kid- 
neys, viewing  the  question  particularly  from 
the  standpoint  of  pyelography.  He  hopes  in 
the  course  of  the  discussion,  to  be  able  to 
give  a  few  new  facts  additional  to  those 
which  have  already  been  written  upon  and 
discussed  by  other  writers. 

In  the  daily  routine  of  A'-ray  work  on  kid- 
neys one  is  often  puzzled  in  his  attempt  to 
give  a  true  interpretation  of  shadows  cast 
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by  the  renal  pelves  and  calyces;  in  other 
words,  to  determine  where  the  normal  ends 
and  the  pathological  begins.  This  desire  to 
know  as  much  of  the  truth  as  possible  regard- 
ing the  actual  shadows  of  kidneys  upon  the 
sensitized  .I'-ray  plates,  unobstructed  by  the 
intervening  tissues  and  unaltered  by  pressure 
caused  by  neighboring  organs  or  by  distended 
blood-vessels,  has  led  the  writer  to  go 
further  into  the  study. 

The  specimens  used  in  this  work  include: 

1.  Freshly  removed  kidneys  of  adults, 
children,  and  feti  from  autopsy  and  surgical 
cases. 

2.  Freshly  removed  kidneys  of  animals, 
which  as  far  as  can  be  ascertained  are  nor- 
mal. 

3.  Kidneys  injected  in  situ  soon  after 
death. 

4.  Pathological  kidneys  injected  before 
and  after  surgical  intervention.  Follow-up 
cases. 

Before  going  further  into  the  discussion, 
it  is  well  that  we  freshen  our  minds  with  a 
short  review  of  the  gross  anatomical  struct- 
ures and  landmarks  of  the  renal  ducts.  Re- 
garding the  urogenital  system  from  the 
standpoint  of  its  embryological  development, 
the  nephridial  unit  consists  of : 

1.  The  ureter. 

2.  The  pelvis  proper  and  its  branches,  the 
calyces. 

An  adult  ureter  is  a  pale-colored,  thick- 
walled  duct  with  a  small  lumen.  It  measures 
while  in  situ  abovit  25  cm.  in  length,  extend- 
ing from  the  pelvis  to  the  urinary  bladder.  It 
has  normally  three  narrowings: 

1.  At  a  distance  from  4  to  9  cm.  below  the 
hilus  of  the  kidney. 

2.  Near  the  brim  of  the  bony  pelvis. 

3.  At  the  lower  end  of  the  ureter  as  the 
duct  penetrates  the  wall  of  the  bladder. 

The  pelvis,  as  a  rule,  is  irregularly  pyram- 
idal in  shape,  tapering  gradually  until  it 
reaches  the  ureteropelvic  junction,  at  the  re- 
gion of  the  first  narrowing.  It  is  placed 
partly  within  and  partly  outside  the  sinus. 
Opinions  differ  as  to  the  number  of  the 
main  divisions  of  the  pelvis  of  the  kidney. 
Piersol  says:  "These  include  the  divisions 
of  the  pelvis  into  an  upper  and  a  lower  seg- 
ment (calyces  majores),  extending  towards 
the  respective  poles  of  the  kidney."  Cunning- 
ham puts  it  in  this  manner:  'Tt  is  formed  by 


the  junction  of  two,  or  more,  rarely  three, 
thin-walled  tubes,  the  calyces  majores,  each 
of  which  has  a  number  of  branches." 
Braasch,  on  the  other  hand,  in  describing 
the  major  calyces  of  the  kidney,  says:  "The 
major  calyces  are  commonly  three  in  num- 
ber, the  upper,  the  middle,  and  the  lower." 
For  descriptive  and  practical  purposes,  and 
especially  from  the  standpoint  of  pyelogra- 
phy, the  writer  prefers  to  look  upon  the 
renal  pelvis  as  having  three  divisions  like 
those  seen  in  the  primitive  type  of  renal 
pelvis.  He,  therefore,  will  make  use  of 
Braasch's  description  as  a  working  basis  in 
the  course  of  the  discussion  of  the  paper. 

The  pelvis,  then,  let  us  say,  divides  into 
three  main  divisions  called  the  superior,  mid- 
dle and  inferior  major  calyces,  each  occupy- 
ing the  upper  pole,  the  middle  portion,  and 
the  lower  pole  of  the  kidney  respectively. 
Each  of  the  major  calyces,  after  springing 
from  the  pelvis  proper  in  the  form  of  a  stem, 
subdivides  into  from  four  to  six  smaller 
branches  known  as  the  minor  calvces.  The 
terminal  ends  or  apices  of  the  minor  calyces 
open  up  like  so  many  buds  in  a  rather  broad 
cup-like  depression.  The  latter  form  re- 
ceptacles into  which  the  renal  papillae  empty. 

The  foregoing  brief  description  gives  us 
a  fair  view  of  the  structure  of  the  renal  ducts 
as  generally  conceived.  But  in  actuality  and 
in  daily  .r-ray  work,  one  unfortunatelv  does 
not  find  them  to  be  always  so.  They  are  sub- 
ject to  extreme  variations  and  anomalies. 

Fn^m  the  study  of  the  various  roent- 
genograms of  normal  renal  pelves  and  blood- 
vessels, the  writer  is  prepared  so  far  in  his 
investigation  to  give  the  following  findings: 

First,  that  work  upon  normal  kidneys  of 
adults,  infants,  and  feti  reveals  that  there 
is  always  a  constant  dissimilarily  in  capacity, 
size  and  shape  of  the  pelves  and  the  number 
of  calyces,  not  only  between  two  different 
persons,  but  also  between  the  two  kidneys 
removed  from  the  same  subject. 

Second,  that  the  superimposition  of  the 
shadow  of  one  or  more  calyces  upon  the 
other  portion  of  the  calyces  and  pelvis  will 
throw  a  shadow  which  often  resemble  a  stone 
in  the  pelvis.  Again,  if  the  cup-like  terminal 
depression  of  the  minor  calyx  happens  to  be 
a  very  deep  one,  it  will  produce  a  ring-like 
shadow  of  less  density  than  the  main 
shadow,   and  this   may  be  mistaken   for  a 
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Fig.  I. 


Fig.  2. 


Fig.  I.  Case  i.  Pyelogram  of  normal  human  kidney.  Three  major  calyces  are  present.  The  middle  major 
calyx  is  very  small.  There  is  a  complete  absence  of  the  minor  calyces,  the  major  calyces  terminating 
directly  in  terminal  depressions. 

Fig.  2.  C.^SE  i.  Pyelogram  of  normal  human  kidney,  showing  the  relation  of  the  renal  arteries  to  the 
pelvis  and  calyces  in  this  particular  specimen.  The  veins  were  not  injected.  Note  the  partial  oblitera- 
tion and  constriction  of  the  superior  and  inferior  major  calyces,  caused  by  the  crossing  of  the  arteries. 


renal  calculus.  \'ery  frequently  also  the  main 
renal  vessels  cross  the  upper  portion  of  the 
pelvis,  the  isthmus  of  the  major  calyx  and 
the  minor  calyx.  The  crossing  of  these  ves- 
sels, especially  if  they  are  in  a  state  of  dis- 
tention, will  bring  about  a  distorted  and  an 
abnormal  shadow,  isolating  either  the  minor 
and  major  calyx  from  the  main  body  of  the 
pelvis  or  producing  a  partial  obliteration  or 
constriction  of  the  isthmus.  This  condition 
will  again  make  the  interpretation  of  the  pel- 
vis shadow  erroneous. 

Third,  everything  being  equal,  the  uretero- 
pelvic  junction  of  the  four  kidneys  of  in- 
fants, aged  nine  and  twelve  respectively, 
show  a  constant  tortuosity.  The  tortuosity 
can  be  better  demonstrated  on  the  stereo- 
scopic screens.  It  is  not  due  to  faulty  tech- 
nique nor  to  post-mortem  contracture,  for 
they  were  removed  and  prepared  in  exactly 
the  same  manner  as  the  other  kidneys  of  in- 
fants and  feti.  The  writer  does  not  wish 
to  comment  or  advance  any  theory  regarding 


this  unusual  finding,  for  it  is  too  premature, 
and  further,  the  materials  worked  upon  so 
far  are  not  sufficient  in  number  to  warrant 
one  to  draw  any  conclusion.  Further  study 
will  be  made  upon  this  particular  question. 
Pedicles  of  a  twelve-day  old  baby,  and  of 
five  and  six  months  old  feti  do  not  give 
this  picture. 

Fourth,  in  the  two  extremes  of  age,  the 
calyces  are  easily  ruptured.  In  the  very 
young  this  is  due  to  the  friability  and  thin- 
ness of  the  walls  of  the  pelvis  and  the 
calyces,  whereas  in  old  people  it  is  due  to  the 
brittleness  and  unyielding  condition  of  the 
walls.  This  teaches  one  a  good  point  in  pyel- 
ography, in  that  pressure  used  in  one's  at- 
tempt to  introduce  opaque  medium  into  the 
pelvis  is  beset  with  dangers.  Gravity  method 
is  the  safest,  although  it  may  take  consider- 
able more  time  in  the  procedure.  The  writer 
hopes  to  be  able  to  demonstrate  satisfactor- 
ily the  above  points  on  the  lantern  slides. 

Taking  the  time  element  into  considera- 
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Fig.  4. 


Fig.  3.  Case  X.  A.  Pair  of  kidneys  from  the  same  sul)ject.  The  right  one  shows  simply  the  blood-vessels. 
The  ureter  and  pelvis  were  not  injected.  The  left  one  shows  a  pyelogram  of  the  kidney  with  the 
main   arteries   injected,    demonstrating   their    relation  with  the  structures  of  the  pelvis. 

Fig.  4.  Case  X.  B.  The  same  as  Case  X  A.  Note  particularly  the  pyelogram  of  the  right  kidney.  There 
is  an  attempt  on  the  part  of  the  ureter  toward  duplication.   Complete  absence  of  the  pelvis. 


tion,  the  writer  is  obliged  to  describe  at 
most  only  two  cases  from  each  set  of  kid- 
neys. There  are  four  sets  in  all,  covering  an 
investigation  work  on  fifty-five  kidney  speci- 
mens. The  first  set  consists  of  normal  adult 
kidneys;  the  second,  of  normal  fetus  and  in- 
fant kidneys;  the  third,  of  animal  kidneys, 
and  the  fourth  of  pathological  human  kid- 
neys. 

Case  I.  (Figs,  i  and  2).  Male,  aged  thirty- 
five.  Cause  of  death:  Epithelioma  of  the 
lung,  secondary  metastasis  of  the  esophagus. 

Specimens:  Left  Kidney.  The  first  injec- 
tion is  to  show  the  outline  of  the  kidney  pel- 
vis and  calyces.  The  second  injection  shows 
the  relation  of  the  renal  artery  to  the  pelvis 
and  calyces.  This  is  a  normal  pelvis.  Number 
of  major  calyces,  three.  The  superior  major 
calyx  terminates  into  just  one  broad  papil- 
lary depression  without  having  a  minor 
calyx.  The  middle  major  calyx  springs  di- 
rectly from  the  pelvis  proper,  terminating 
in  a  small  papillary  depression.  The  in- 
ferior major  calyx  is  broad,  terminating  in 
four  papillary  depressions,  deep  and  hollow. 
One  of  the  depressions  superimposes  the 
isthmus  of  the  calyx,  simulating  the  shadow 
of  a  calculus.  The  minor  calyces  in  this  case 
are  wanting,  the  apices  of  the  major  calyces 
ending  abruptly  in  papillary  depressions.  The 
distended  arteries  of  the  upper  pole  cross  and 
hug  closely  the  isthmus  of  the  upper  major 


calyx  and  also  that  of  the  middle  major 
calyx,  producing  a  partial  obliteration  and 
isolating  the  terminal  portions  of  the  calyces 
from  the  pelvis  proper. 

Case  II.  Female,  aged  twenty-three. 
Cause  of  death:  Attempt  made  on  part  of 
patient  to  induce  self-abortion,  by  taking 
some  proprietory  preparation  of  ergot.  Au- 
topsy revealed  that  there  was  no  product  of 
conception  present.  There  was  however  a 
polyp  hanging  from  the  fundal  portion  of 
the  uterus. 

Case  III.  Female,  aged  twenty-five.  Cause 
of  death:  Suspected  drug  addict,  having 
taken  an  overdose  of  habit- forming  drug. 

Case  IV.  Male,  aged  twenty-seven.  Cause 
of  death:  Very  malignant  sarcoma.  Death 
very  rapid. 

Case  VI.  Male,  aged  forty.  Cause  of 
death:  Accidentally  buried  in  a  sewer  which 
caved  in  while  he  was  working  in  it. 

Case  VII.  Female,  aged  twenty-six.  Cause 
of  death:  double  pneumonia. 

Case  VIII.  Female,  aged  thirty.  Patient 
is  living  and  well  at  present.  Diagnosis: 
Pyonephrosis.  Pelvic  Kidney, 

Case  IX.  Female,  aged  sixty.  Cause  of 
death:  Generalized  carcinoma. 

Case  X.  (Figs.  3  and  4).  Male,  aged 
thirty.   Cause  of  death:  Asphyxiation. 

Specimens:  Tzvo  Kidneys.  In  the  first  in- 
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Fig.  5. 


Fig.  6. 


Fig.  5.  Case  XIV.  Pyelo-ureterograms  of  a  pair  of  infant  kidneys.  Aged  nine  months.  This  case  is  to 
demonstrate  the  tortuosity  of  the  pedicles  of  both  kidneys.  The  blood-vessels  were  not  injected.  The 
pelvis  proper  is  relatively  large  and  the  minor  calyces  bud  out  almost  directly  from  the  pelvis  proper. 
Stereoscopically  seen,  the  three  major  calyces  have  eight  minor  calyces.  This  is  a  typical  type  of  renal 
pelvis  in  its  early  developmental  stage. 

Fig.  6.  Case  XIY.  Pyelo-ureterograms  of  a  pair  of  infant  kidneys.  Aged  nine  months.  This  case  is  to 
demonstrate  the  relation  of  the  blood-vessels  to  the  pelvis  and  calyces.  Note  the  dissimilarity  in  the 
shape  of  the  two  pelves. 


Fig.  7. 


Fig.  8. 


Fig.  7.  Case  XV.  Pyelo-ureterograms  of  a  pair  of  infant  kidneys.  Aged  twelve  months.  This  case,  like 
Case  XIV,  is  to  demonstrate  the  tortuosity  of  the  pedicles  of  both  kidneys.  The  blood-vessels  were 
not  injected.  The  right  kidney  shows  three  distinct  major  calyces,  whereas  the  left  kidney  shows  a 
diminutive  form,  Imdding  out  as  part  of  the  inferior  major  calyx.  Note  the  difference  in  shape  be- 
tween the  two  pelves. 

Fig.  8.  Case  XV.  Pyelo-ureterograms  of  a  pair  of  infant  kidneys.  Aged  twelve  months.  This  case,  like 
Case  XIV,  is  to  demonstrate  the  tortuosity  of  the  pedicles  of  both  kidneys.  Both  the  arteries  and  veins 
were  injected,  so  as  to  show  their  relation  to  the  pelves  and  calyces. 
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jection  the  right  kidne\'  pelvis  and  ureter 
were  not  injected,  only  the  arteries  and 
veins.  In  the  left  kidney  the  ureter,  pelvis 
and  the  arteries  only  were  injected,  whereas 
the  veins  were  left  untouched.  In  the  second 
injection  the  pelvis  and  ureter  of  the  right 
kidney  were  injected.  It  is  interesting  to  note 
in  the  case  of  the  right  kidney  that  there  is 
a  complete  absence  of  the  pelvis ;  the  superior 
and  inferior  major  calyces  spring  directly 
from  the  pelvis,  the  superior  major  termin- 
ating in  a  broad  apex  with  twi^  terminal  de- 
pressions, and  the  inferior  major  in  two 
minor  calyces.  The  left  kidney  has  a  rela- 
tively small  pelvis.  Three  major  calyces  are 
present.  The  superior  springs  directly  from 
the  upper  margin  of  the  pelvis  in  the  form 
of  a  long  narrow  isthmus  with  broad  apex. 
The  latter  has  two  papillary  depressions.  The 
middle  also  springs  directly  from  the  pelvis 
in  a  long  narow  isthmus  with  two  minor 
calyces  at  its  terminal  portion.  The  inferior 
is  short  and  divides  at  its  terminal  portion 
into  three  minor  calyces,  each  having  one 
papillary  depression.  The  ureter  is  abnor- 
mally large.  There  is  an  attempt  toward 
duplication  on  the  part  of  the  ureter. 

Case  XI.  Male  fetus,  aged  five  months. 
Miscarriage. 

Case  XII.  Male  fetus,  aged  six  months. 
Miscarriage.  Kidneys  were  injected  in  situ. 

Case  XIII.  Male  infant,  aged  twelve  days. 
Malnutrition. 

Case  XIV.  (Figs.  5  and  6).  Male  infant, 
aged  nine  months.  Pyloric  stenosis.  Espec- 
ially interesting  in  that  the  pedicles  of  both 
kidneys  show  tortuosity.  The  shape  of  the 
right  pelvis  is  a  type  seen  in  early  pelvis.  All 
the  calyces  spring  directly  from  the  pelvis. 
In  the  first  injection  only  the  ureters  and  pel- 
ves were  injected.  In  the  second  injection 
both  the  arteries  and  veins  were  injected. 

Case  XV.  (Figs.  7  and  8).  Male  infant, 
aged  twelve  months.  Malnutrition.  The  same 
condition  of  the  pedicles  of  both  ureters  ex- 
ists as  in  Case  XIV,  only  that  the  tortuosity 
is  more  marked. 

Case  XVI.  (Fig.  9).  Kidney  of  beef.  The 
architecture  of  this  kidney  much  resembles 
that  of  the  fetus  of  five  months,  with  but  one 
exception.  The  upper  and  lower  poles  of  the 
pelvis  throughout  their  entire  length  branch 
out  into  secondary  divisions,  and  each  of  the 
secondary  divisions  in  turn  subdivides  into 


two,  three  and  four  minor  calyces.  The  pap- 
illary indentations  with  their  stems  look  very 
much  like  so  many  lilies  of  the  valley,  es- 
pecially if  they  are  viewed  from  the  nega- 
tives stereoscopically,  each  having  a  deep, 
rounded,  hollow  depression. 

Case  XVII.  Kiclneys  of  lamb.  They  are 
not  lobulated  as  the  beef  kidney.  The  pelvis 
is  somewhat  crescentic  in  shape.  It  has  seven 
pairs  of  leaf-like  projections  in  each  half  of 
the  kidney  proper.  And  each  projection  has 
a  counterpart  on  the  opposite  side  and  is 
symmetrically  arranged.  Kidneys  of  dogs 
and  raccoons  bear  the  same  fundamental 
structural  formation  as  those  of  lambs.  The 
only  difference  is  in  the  number  of  the  leaf- 
like projections.  They  are  not  so  complex 
and  subject  to  variations  as  those  of  the  hu- 
man kidneys. 

Case  XVIII.  Kidneys  of  dog. 

Case  XIX.  Kidney  of  raccoon. 

Case  XX.  Kidney  of  pig. 

Case  XXI.  (Fig.  10).  Male:  aged  fifty- 
two.  Hospital  case  N"o.  571.  Clinic  case  No. 

545^- 

Specimen:  Right  Kidney.  G7'oss  Descrip- 
tion. The  specimen  is  a  small  kidney.  The 
capsule  does  not  strip  easily.  The  entire  kid- 
ney structure  shows  an  increase  of  con- 
nective tissue.  At  one  pole  the  cortex  is  de- 
creased in  thickness  to  ^  mm.  over  a  cavity 
and  the  inner  surface  at  this  point  shows  an 
old  healed  fibrous  scar  4  mm.  in  diameter. 
The  pelvis  contains  an  excess  of  fat. 

Microscopical  Description.  One  section 
exhibits  both  cortex  and  medulla.  In  the  cor- 
tex the  convoluted  tubules  show  albuminous 
degeneration.  The  medulla  shows  an  increase 
in  interstitial  connective  tissue.. 

In  another  section  at  one  point,  the  cap- 
sule is  thickened  and  degenerated.  Beneath 
the  scarred  area  there  is  a  focus  of  paren- 
chymal destruction  with  scarring  of  large 
numbers  of  glomeruli  and  diffuse  round-cell 
infiltration  and  necrosis.  Here  there  are  seen 
a  few  old  tubercles.  In  places  there  is 
marked  hyaline  degeneration  of  the  inter- 
stitial tissue.  The  epithelium  of  the  calyces 
is  eroded.  There  is  a  zone  of  small  round- 
cell  infiltration  and  necrosis. 

Diagnosis.  Chronic  pyelonephrosis ;  old 
focal  tubercular  infection;  chronic  inter- 
stitial nephritis. 

No  pyelography  of  the  case  was  taken  be- 
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Fig.  9.  Case  XIX.  Beef  kidney.  This  is  to  demon- 
strate the  manner  in  which  the  major  calyces 
branch  out  into  secondary  divisions.  Each  of  the 
latter  again  subdivides  into  two,  three  and  four 
minor  calyces.  The  terminal  depressions  are  large, 
deep   and   hollow,   resemliling   lilies   of  the   valley. 

fore  its  removal.  This  is  due  to  the  presence 
of  a  renal  calculus  in  the  lower  third  of  the 
right  ureter. 

The  first  picture  of  the  case  shows  the 
stone  in  the  right  ureter.  The  second  is  a 
photograph  of  the  kidney  before  injection. 
The  third  is  a  diagrammatic  drawing  of  the 
kidney  lamina  as  indicated  by  the  two  probes 
The  fourth  is  a  drawing  of  the  kidney  after 
it  has  been  sectioned,  with  the  probe  used 
to  indicate  the  passage  between  the  upper 
and  lower  pelves.  The  fourth  is  an  injected 
picture  of  the  pelvis,  showing  that  there  is  no 
connection  between  the  blood  supply  of  the 
lower  and  the  upper  or  supernumerary  kid- 
ney. The  shape  of  the  pelvis  is  like  a  curve 
tube.  The  blood  vessels  seen  in  the  smaller 
pelvis  are  those  which  appear  superficially. 
They  were  injected  because  the  writer 
thought  that  they  belonged  to  the  mass. 

Case  XXII.  INIale,  aged  twenty-one.  Hos- 
pital case  No.  1541.  CHnic  case  No.  7219. 

Specimen-.  Right  kidney.  Weight  i  lb.; 
length  14  cm;  width  8  cm. ;  number  of  renal 
calculi  27. 

Diagnosis.  Nephrolithiasis  with  pyogenic 
infection ;  hydronephrosis. 

No  pyelography  was  made  of  the  case  on 


account  of  one  of  the  renal  calculi  completely 
obstructing  the  passage  between  the  pelvis 
proper  and  the  ureter.  The  first  picture  is  a 
drawing  of  the  specimen  before  injection 
and  cutting  it  open.  The  second  picture  is  a 
drawing  with  the  specimen  cut  open,  show- 
ing the  renal  stone  lodged  in  the  different 
cavities.  The  third  picture  is  an  .r-ray  picture 
of  the  specimen  soon  after  its  removal  be- 
fore injection  was  done.  The  fourth  picture 
shows  an  injected  kidney. 

Case  XXIII.  Female,  aged  thirty-two. 
Hospital   case   No.    5401.    Clinic   case   No. 

1501- 

Specimen:  Right  Kidney.  .  Diagnosis. 
Chronic  tubercular  infection  of  the  right 
kidney  with  marked  destruction. 

Case  XXIV.  (Figs.  11  and  12).  Girl,  aged 
six.  Specimen:  Right  Kidney.  Weight  i  lb. 
15.5  ounces. 

Roentgenological  Description  of  the  Pel- 


Fig.  10.  Case  XXI.  Left  kidney.  Supernumerary 
kidney.  Chronic  p3'^elonephrosis  with  old  focal  tu- 
l)ercular  infection,  and  chronic  interstitial  nephri- 
tis. The  pelvis  and  the  blood-vessels  were  injected. 
Note  the  shape  of  the  pelvis  and  the  condition  of 
the  blood-vessels. 
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Fig.  II. 


Fig.  12. 


Fig.  II.  Case  XX I \'.  Pyelogram  of  hvpeniophroma.   X'ote    the    seal-like    appearance    of    the    pelvis    and 

calyces. 
Fig.  12.  Pyeloi^ram  of  hypernephroma,  the  same  as  Fig.  i-i,  only  that  in  this  case  the  blood-vessels  were 
injected  in  order  to  demonstrate  the  blood  supply  of  the  tumor. 


ves  of  the  Tinuor.  The  contour  of  the  pelvis 
with  its  calyces  resembles  very  much  the 
figure  of  a  sea  lion.  It  is  long  and  som.ewhat 
cylindrical.  Its  outline  is  perfectly  smooth 
and  clearly  defined  at  all  points.  There  is  not 
a  suggestion  of  haziness  present.  The  super- 
ior major  calyx,  which  looks  like  the  ce- 
phalic portion  of  the  sea  lion,  has  only  two 
stalky,  club-shaped  minor  calyces.  The  in- 
ferior major  calyx,  which  in  turn  resembles 
the  caudal  end,  has  also  two  minor  calyces 
with  broad  stems  and  truncated  apices.  Its 
terminal  portion  is  fan-shaped,  and  merges 
directly  with  the  pelvis  proper.  The  ureter, 
which  is  abnormally  very  small,  projects  ab- 
ruptly from  the  center  of  the  pelvis,  produc- 
ing a  sort  of  valvular  effect  for  the  out- 
flow of  the  pelvic  contents.  The  blood-ves- 
sels supplying  the  tumor  have  the  following 
peculiarities.  First,  they  do  not  follow  a  def- 
inite coure  or  direction.  Second,  they  are  ex- 
tremely long  and  tortuous.  They  are  atypical 
in  their  arrangement.  Third,  they  do  not  give 
the  appearance  of  end  arteries  as  seen  in 
normal  kidneys. 

The  tumor  mass  is  not  so  scantily  supplied 
with  blood-vessels  as  is  often  understood. 


With  the  exception  of  a  very  small  area, 
about  1.5  cm.  in  length,  situated  at  the  lower 
pole  of  the  kidney,  there  is  no  normal  renal 
tissue  left.  In  this  particular  spot  the  course 
of  the  blood-vessels  is  normal,  ending  in  end 
arteries. 

TECHNIQUE 

In  order  to  obtain  a  true  and  undistorted 
shadow  of  the  ureter,  the  pelvis  and  its  caly- 
ces and  the  blood-vessels,  it  is  quite  neces- 
sary that  the  specimen  should  be  fresh.  Soon 
after  its  removal  from  the  subject  at 
autopsy  or  patient  at  the  operating  room,  it 
is  immersed  in  warm  saline.  This  procedure 
will  prevent  further  coagulation  of  the  blood 
which  is  in  the  larger  blood-vessels  and  cap- 
illaries. 

If  clotting  has  already  taken  place,  injec- 
tion of  the  vessels  with  saline  solution  be- 
comes essential.  When  they  are  well  disten- 
ded and  the  hypodermic  needle  is  still  at  the 
cut  end,  a  gentle  massage  is  applied  over  the 
specimen.  This  done,  it  is  again  replaced  in 
the  warm  saline  solution  and  the  needle  re- 
moved. 

After    all    the    blood    has    been  removed 
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from  the  Aessel.  the  fatty  tissue  of  the  hilus 
and  surrounding  the  kidney  is  next  removed. 
Here  care  must  be  exercised  so  that  no  ves- 
sels are  torn  and  the  kidney  tissue  injured, 
for  the  slightest  injury  to  the  parenchyma 
will  make  injection  of  the  vessels  futile. 

The  object  in  removing  the  superfluous 
fatty  tissue  is  twofold:  first,  to  clear  the 
field  of  operation;  second,  to  prevent  the 
medium  which  may  happen  to  escape  the 
syringe  from  adhering  upon  them.  If  this  is 
permitted  to  take  place,  when  the  specimen  is 
radiographed,  confusing  shadow^  on  the 
^-ray  negative  will  result. 

Before  injecting  the  pelvis  through  a  part 
of  or  the  entire  ureter,  remove  all  the  free 
fluid  from  it  first.  Should  there  be  any  re- 
tained fluid  unremoved,  it  will  modify  the 
proper  density  of  the  injected  medium. 

In  obtaining  a  specimen  for  this  purpose 
wherever  it  is  possible  and  perfectly  safe,  as 
from  a  subject  at  autopsy,  the  following 
points  should  be  observed:  first,  that  no  in- 
jury is  done  to  any  part  of  the  kidney  peren- 
chyma,  that  is  the  tissue  continuity  of  the 
surface  of  the  organ  should  remain  intact. 
This  is  especially  important  when  one  wi.=;hes 
to  inject  the  arteries  and  veins.  Second,  re- 
move as. much  of  the  ureter  with  the  kidney 
as  possible,  as  this  will  facilitate  injecting 
the  pelvis  considerably.  \>ry  frequently,  in 
the  course  of  injecting  the  ureter,  air  is  in- 
troduced accidentally  into  it  and  air  bubbles 
will  result.  A  long  ureter  will  obviate  this 
difficulty,  as  the  bubbles  can  be  forced  back 
into  tlie  ureter  near  the  cut  end.  Third,  ligate 
the  larger  blood-vessels  as  far  away  from 
the  renal  sinus  as  possible.  Do  not  apply  any 
traction  upon  them,  as  this  will  traumatize 
the  smaller  vessels  in  the  sinus  and  the  sub 
stance  of  the  kidney. 

In  injecting  a  kidney  in  a  living  person  a 
17.5  per  cent  solution  of  sodium  iodide  is 
used.  A  regular  cystoscopic  method  of  pro- 
cedure is  employed.  A  detailed  description  of 
the  technique  is  not  necessary  in  this  paper. 

In  injecting  an  extirpated  kidney  a  plain 
barium  sulphate  suspension  is  used.  Barium 
water  solution  seems  to  give  the  best  result 
in  this  kind  of  work  so  far.  It  may  have  its 
drawbacks,  but  they  are  overbalanced  by  the 
results  it  gives  upon  a  sensitized  .r-ray  plate. 
Its  disadvantages  are: 


1.  If  the  solution  is  too  thick,  it  will  not 
only  not  penetrate  into  the  finest  capillary 
network,  but  it  will  also  clog  the  hypodermic 
needle  used  to  inject  the  finer  blood-vessels. 

2.  If.  on  the  other  hand,  the  suspension  is 
too  thin  it  will  not  give  a  clear-cut  shadow 
of  the  structure  injected. 

3.  The  mixture  does  not  remain  long  in 
a  state  of  suspension,  that  is,  the  barium  set- 
tles down  to  the  bottom  of  the  container 
very  readily. 

To  remove  the  first  and  second  objections, 
one  of  the  most  practical  means  of  telling 
whether  or  not  the  medium  is  sufficiently 
thick,  is  to  add  to  the  water  gradually  the 
barium  sulphate,  stirring  it  at  the  same  time 
until  it  reaches  a  thickness  that  will  pass 
through  the  lumen  of  a  small  hypodermic 
needle,  gauge  23.  Another  way  of  preparing 
it  is  to  add  to  every  12  ounces  of  barium 
sulphate  30  ounces  of  water  without  the  ad- 
mixture of  acacia. 

To  force  or  inject  the  medium,  hypo- 
dermic needles  of  different  sizes  are  used, 
each  depending  upon  the  size  and  lumen  of 
the  blood-vessel  and  ureter. 

The  points  of  the  needles  are  first  clipped 
off  and  filed  to  a  desired  bluntness.  The 
needle  is  first  introduced  into  the  lumen  of 
the  vessel  or  ureter,  a  piece  of  thread  is  tied 
round  it.  and  then  a  luer  syringe  containing 
the  medium  is  attached  to  the  needle.  This 
having  been  done  a  very  slow  and  careful 
digital  pressure  is  applied  to  the  piston  of 
the  syringe.  The  pressure  is  immediately  re- 
leased the  moment  there  is 'a  slight  resistance 
offered  by  the  vessels  injected.  The  cut  end 
of  the  vessel  is  then  tied  and  the  needle  re- 
moved. The  specimen  is  now  ready  to  be 
roentgenographed. 

The  writer  will  not  go  into  detail  as  to  the 
techniciue  in  roentgenographing  the  speci- 
men, as  space  will  not  permit.  The  essential 
points  only  will  be  mentioned  here.  The  spec- 
imen is  now  placed  over  an  aluminum  tun- 
nel, and  a  fine  focus  Coolidge  tube  is  set  for 
a  stereoscopic  exposure.  Very  often,  how- 
ever, just  before  exposure,  it  becomes  nec- 
essary to  inject  more  of  the  medium,  as 
some  of  the  water  will  have  been  absorbed 
and  the  pelvis  or  the  blood-vessel  will  col- 
lapse. If  this  has  to  be  done,  insert  the  needle 
immediately   at   the   point  nearest   the   tied 
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end  into  the  lumen,  and  when  the  desired 
distention  is  obtained,  draw  the  needle  very- 
care  fully  and  apply  another  tie  in  front  of 
the  point  of  the  needle. 

Exposure  technique  is  as  follows:  Fine 
focus  Coolidge  tube,  current  of  a  5  ma.,  1.5 
or  2-inch  spark  gap,  20-inch  target-plate 
distance,  inductance  i,  and  35  seconds'  ex- 
posure. 

CONCLUSIONS 

1.  A  study  of  a  series  of  injected  normal 
kidney  pelves  enables  one  to  get  a  general 
conception  of  what  really  constitutes  nor- 
mal shadow  on  the  sensitized  jr-ray  plate.  He 
becomes  prepared  to  meet  the  vagaries  in 
the  development  of  kidney  pelvis. 

2.  The  capacity,  size  and  contour  of  the 
different  renal  pelves  fundamentally  may  be 
similar,  but  comparatively  they  are  dissimi- 
lar. No  two  pelves,  not  even  those  removed 
from  the  same  subject,  bear  a  similarity  one 
to  the  other. 

3.  Superimposition  of  the  minor  calyces 
upon  the  isthmus  throws  a  shadow  which 
very  often  simulates  renal  calculi. 

4.  Distended  renal  blood-vessels,  especi- 
ally the  arteries,  which  happen  to  cross  the 
pelvis,  the  isthmus  and  the  calyx,  affect  tlie 
contour  of  these  structures,  giving  them  a 
distorted  and  abnormal  shadow. 

5.  In  four  kidneys  removed  from  two 
subjects,  aged  eight  and  twelve  respectively, 
there  is  present  a  constant  tortuosity  at  the 
ureteropelvic  junction. 

6.  The  number  of  minor  calyces  springing 
from  one  major  calyx  ranges  from  one,  and 
even  a  complete  absence  of,  to  seven  and 
eight.  The  inferior  major  calyx  as  a  rule 
has  a  greater  number  of  minor  calyces  than 
the  superior. 

7.  The  middle  major  calyx,  generally,  is 
very  small,  springing  from  the  pelvis  either 
in  a  diminutive  form  or  branching  out  as  a 
part  of  the  inferior  major  calyx. 


8.  The  pelves  of  lower  animals  show  a 
more  primitive  stage  of  development.  They 
are  simpler  and  more  symmetrical  in  their 
formation. 

Note.  The  writer  wishes  to  express  his 
great  indebtedness  to  Dr.  Alexander  W. 
Blain  and  Dr.  Ira  G.  Downer  for  their 
staunch  support  from  the  beginning  of  the 
investigation  work.  To  Dr.  Paul  Eisen  and 
Dr.  Leo  E.  Grajewski  he  owes  much  for 
their  invaluable  suggestion.  His  thanks  are 
also  due  Dr.  James  E.  Davis,  Professor  of 
Pathology  of  the  Detroit  College  of  Medi- 
cine and  Surgery  for  the  careful  pathological 
studies.  The  drawings  are  the  work  of  J.  H. 
D.  Ferguson,  artist  of  the  Department  of 
Medical  Research  of  the  Jefferson  Clinic. 

DISCUSSION 

Dr.  Lim.  In  regard  to  Dr.  LeWald's  ques- 
tion on  technique  of  injection,  not  wishing  to 
go  into  detail,  I  will  say  that  we  use  simiply 
plain  barium  water,  that  is,  plain  water  and 
barium  sulphate.  No  acacia  is  used.  We  have 
tried  acacia  with  barium  water,  but  it  proved  a 
failure,  because  it  was  too  thick.  We  use  only 
digital  pressure,  and  the  pressure  is  released  as 
soon  as  there  is  a  certain  degree  of  resistance 
offered.  No  mechanical  pressure  at  all  is  used. 
A  little  practice  will  give  one  the  desired  re- 
sults. Hypodermic  needles  of  the  finest  caHber 
are  used  for  the  smaller  arteries  and  stub- 
pointed  needles  for  the  larger  vessels  and  ure- 
ter. 

We  find  so  far  in  the  work  that  barium 
water  serves  the  purpose  very  well  indeed. 
However,  we  will  not  stop  here,  but  will  go 
further  in  the  use  of  other  media.  It  has  been 
suggested  that  possibly  red  lead  might  do,  but 
we  have  not  as  yet  tried  it.  Reasons  again  for 
using  plain  barium  suspension  are  that  the 
pathological  specimen  is  not  destroyed  by  this 
medium,  for  it  can  easily  be  washed  off  after 
the  specimen  has  been  injected,  and  that  does 
not  stick  and  glue  together  as  do  bismuth  sus- 
pension and  some  other  media. 


A  REVIEW  OF  THREE  YEARS'  WORK  AND  ARTICLES 
ON  PNEUMOPERITONEUM* 

By  JAMES  T.  CASE,  M.D.,  F.  A.  C.  S. 

Surgeon  and  Director  Radiological  Department,    Battle    Creek    Sanitarium. 

BATTLE    CREEK,    MICHIGAN 


IN  accepting  the  task  imposed  on  him  by 
our  president,  your  essayist  finds  himself 
in  a  more  or  less  embarrassing  position  in 
undertaking  to  sum  up  the  present  status  of 
artificial  pneumoperitoneum  as  a  diagnostic 
aid.  It  is  universally  conceded  that  the  de- 
velopment of  this  diagnostic  procedure,  so 
brilliantly  perfected  by  Stein  and  Sewart, 
marks  one  of  the  milestones  in  roentgenolog- 
ical progress.  In  reviewing  the  results  of  the 
experience  of  most  of  the  men  doing  this 
type  of  diagnostic  work,  including  several 
who  are  not  members  of  this  society,  your 
reviewer  does  not  wish  to  perhaps  discourage 
the  employment  of  one  of  the  most  strikingly 
helpful  roentgenological  means  perfected 
within  five  years;  neither  by  maintaining  a 
discreet  silence  can  he  conscientiously  with- 
hold information  relating  to  some  phases  of 
danger  associated  with  the  method. 

In  the  effort  to  study  the  question  from  an 
unbiased  point  of  view,  gathering  data  from 
every  available  American  source,  circular 
letters  of  inquiry  were  prepared  and  sent  to 
223  workers,  from  whom  131  replies  were 
returned,  Of  the  131  replying,  47  (among 
whom  were  included  the  names  of  some  of 
the  most  prominent  members  of  our  society) 
stated  that  they  had  had  no  experience,  while 
63  more  declared  that  their  experience  was 
too  limited  to  warrant  an  expression  of  opin- 
ion. Twenty-one  had  had  sufficient  experi- 
ence to  enable  them  to  formulate  replies  to 
the  inquiries  regarding  dangers,  inconven- 
iences and  contraindications,  and  to  sum  up 
their  notion  of  the  field  of  usefulness  of 
pneumoperitoneum.  Special  inquiry  was 
made  concerning  the  safety  of  this  measure 
as  an  office  diagnostic  procedure. 

It  seems  generally  agreed  that  the  method 
must  be  pursued  with  due  regard  to  the  ne- 
cessities of  an  aseptic  surgical  operation,  ex- 
cluding from  the  examination  such  cardiac 
or  respiratory  cases  as  would  ordinarily  be 


considered  bad  surgical  risks;  that  the  gas 
used  should  be  carbon  dioxide  or  a  mixture 
of  carbon  dioxide  and  oxygen ;  that  the  a- 
mount  of  gas  introduced  should  be  carefully 
estimated;  that  the  injection  be  done  slowly, 
while  the  patient  is  carefully  observed  for 
signs  of  untoward  effect.  And  indeed  a  re- 
view of  the  experience  of  the  men  who  have 
answered  the  questionnaire  warns  of  the  ser- 
ious dangers  and  inconveniences  if  these  pre- 
cautions are  not  followed,  if  indeed  serious 
mishaps  may  not  occur  in  spite  of  all  pre- 
cautions. 

INCONVENIENCES 

It  seems  unanimously  conceded  that  pneu- 
moperitoneum is  not  a  popular  procedure 
with  the  patients.  It  is  true  that  the  distress 
seems  to  be  largely  psychic  in  many  cases, 
but  too  often  the  pain  is  very  real,  requiring 
the  administration  of  morphia.  Many  of  the 
patients  complain  of  nausea;  some  vomit. 
The  majority  show  respiratory  distress  evi- 
denced by  dyspnea  and  a  feeling  which  they 
describe  as  shortness  of  breath.  Some  pa- 
tients sweat  profusely  after  the  examination. 
When  carbon  dioxide  has  been  used,  it  is 
true  that  the  symptoms  are  usually  dissipated 
within  a  few  hours,  although  it  is  not  un- 
common to  note  their  persistence  long  after 
the  distention  of  the  abdomen  has  been  re- 
lieved. Certainly  no  patient  thus  examined 
recalls  the  experience  as  pleasant.  There  is 
a  further  objection  that  the  method  is  time- 
consuming,  and  the  cause  of  considerable  in- 
convenience in  the  roentgen  laboratory. 

It  should  be  stated  that  there  is  a  marked 
difference  between  the  discomfort  experi- 
enced by  the  patient  when  only  a  small 
amount  of  gas  has  been  introduced  into  the 
peritoneal  cavity,  as  in  the  method  advocated 
by  Rubin  and  Peterson,  where  the  chief  aim 
of  the  study  is  to  determine  the  patency  of 
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the  tubes  and  other  data  relating  to  the  pel- 
vic organs,  in  comparison  with  the  distress 
experienced  after  massive  inflation  of  the  ab- 
domen for  the  purpose  of  general  abdominal 
diagnosis. 

Aside  from  the  distress,  the  list  of  incon- 
veniences which  we  have  been  able  to  enu- 
merate seem  to  be  dependent  upon  errors  of 
technique  which  it  should  be  possible  to  a- 
void,  but  which  experience  shows  are  not  al- 
ways avoided,  even  in  the  best  clinics:  viz., 
interstitial  emphysema,  which  may  naturally 
be  avoided  by  making  sure  that  the  needle  is 
within  the  abdominal  cavity  before  turning 
on  the  gas ;  sudden  overdistention,  not  likely 
when  gas  measuring  devices  are  employed; 
persisting  overdistention,  usually,  but  not  al- 
ways, relieved  by  deflation,  or  better  still  by 
the  employment  of  carbon  dioxide  in  place 
of  oxygen. 

Yet  several  of  our  reporters  state  that 
they  have  had  patients  whom  they  could  not 
deflate,  and  where  the  pain  following  the  ex- 
amination could  not  be  controlled  by  large 
doses  of  morphine.  These  patients,  it  ap- 
pears, were  for  the  most  part  suffering  from 
peritoneal  adhesions.  Certain  it  is  that  the 
patients  complaining  the  most  bitterly  of 
pain  have  been  patients  in  whom  the  pres- 
ence of  adhesions  seemed  indubitable.  Many 
patients  whose  examination  has  later  been 
followed  by  operation,  have  expressed  the 
opinion  that  the  discomfort  experienced  af- 
ter operation  was  more  easily  borne  than  the 
distress  attending  gas  inflation  of  the  ab- 
domen. 

DANGERS 

Dangers  which  have  been  enumerated  in- 
clude the  following:  Intestinal  puncture; 
puncture  of  omental  or  mesenteric  blood  ves- 
sel ;  puncture  of  dilated  ureter,  bladder,  or 
other  abdominal  viscus ;  peritonitis ;  air  em- 
bolism; superficial  emphysema;  rupture  of 
malignant  adhesions;  precipitation  of  car- 
diac failure  through  overdistention  of  the  ab- 
domen. Practically  every  one  of  the  dangers 
just  enumerated  has  been  foreseen,  and  the 
pioneers  in  pneumoperitoneum  have  made 
rather  thoroughgoing  experimental  observa- 
tions in  the  effort  to  predetermine  the 
amount  of  danger  actually  imposed  upon  the 
patient.  At  first,  it  seemed   fairly  assured 


that  such  untoward  effects  were  not  going 
to  be  encountered ;  but  gradually  reports 
have  been  coming  in  until  now  we  have  ac- 
cumulated an  impressive  list  of  accidents 
which  have  actually  occurred  in  the  hands  of 
men  for  the  most  part  recognized  as  well 
qualified  by  training  and  equipment  to  do 
this  work  properly.  The  dangers,  as  above 
listed,  together  with  remarks  concerning 
them  will  follow  seratim. 

Intestinal  Puncture.  In  at  least  one  case 
the  intestine  was  punctured  and  gas  intro- 
duced into  the  small  intestine  in  a  patient 
who  had  not  had  any  previous  surgery,  and 
in  whom  there  was  no  reason  to  suspect  ad- 
hesions of  the  intestine  to  the  anterior  ab- 
dominal wall.  Fortunately  the  introduction 
of  gas  in  this  case  was  proceeding  under 
fluoroscopic  control ;  the  fact  of  intestinal 
puncture  was  almost  immediately  recog- 
nized, and  the  needle  withdrawn  instantly. 
No  untoward  effects  resulted  in  this  case, 
though  the  patient  was  kept  in  bed  for  three 
days,  under  careful  observaton.  Another 
case  is  recorded  where  the  puncture  of  ad- 
herent intestine  was  proven  by  the  beauti- 
fully outlined  air-distended  colon  shown  in 
the  roentgenogram,  without  the  usual  evi- 
dences of  gas  in  the  peritoneal  cavity.  An- 
other reporter  related  a  case  where  colon 
was  adherent  to  the  abdominal  wall  from  ce- 
cum to  splenic  flexure,  the  adhesions  also  in- 
volving several  loops  of  jejunum.  The  needle 
entered  the  lumen  of  the  intestine  and  great 
distress  followed.  Details  as  to  the  nature  of 
the  complications  were  not  given.  It  is  with- 
out doubt  possible  to  puncture  the  bowel  dur- 
ing the  introduction  of  the  needle,  though  the 
writer  has  yet  to  learn  of  a  fatality  from 
this  cause. 

Puncture  of  Omental  or  Mesenteric 
Blood-Vessel.  The  possibiHty  of  this  danger 
is  often  mentioned.  One  reporter  states  that 
in  a  great  many  laparotomies  a  needle  was 
inserted  before  the  abdomen  was  opened.  In 
one  case,  it  was  found  that  from  one  of  the 
mesenteric  vessels,  there  had  occurred  a 
fairly  large  hemorrhage  which  might  have 
given  some  trouble  if  the  abdomen  had  not 
been  opened  within  a  short  time. 

Puncture  of  Abdominal  Viscera.  In  a  dis- 
cussion on  a  paper  before  the  Section  On 
Urolog}^  at  the  last  meeting  of  the  American 
Medical  Association,   Sante  relates  a  case 


7i6 


Three  Years'  Work  and  Articles  on  Pneumoperitoneum 


of  death  following  an  attempt  at  pneumo- 
peritoneum, death  being  due  to  the  injection 
of  oxygen  directly  into  the  spleen.  As  the  re- 
porter stated,  tliis  case  was  manifestly  an 
error;  but  these  errors  should  be  reported, 
and  should  be  taken  into  due  consideration 
in  appraising  the  value  of  the  procedure.  The 
urinary  bladder  has  been  punctured  at  least 
once.  In  another  case,  in  the  hands  of  a  well 
known  urologist,  an  examination  was  being 
conducted  in  a  case  where  no  special  tests 
were  needed  to  recognize  an  enormous  hy- 
dro-ureter. The  urologist  thought  it  would 
be  unique  to  procure  roentgenograms  of  this 
case  after  distending  the  peritoneum  with 
gas;  but,  although  an  experienced  surgeon 
introduced  the  needle  far  to  the  opposite  side 
of  the  midline,  fully  confident  that  he  would 
avoid  puncture  of  the  urinary  system,  he 
evacutated  several  pints  of  urine  through  the 
pneumoperitoneum  needle.  No  harm  re- 
sulted, for  which  all  concerned  were  duly 
thankful;  no  one  would  knowingly  repeat 
the  experience. 

Peritonitis.  Barringer,  of  the  Memorial 
Hospital,  New  York,  is  responsible  for  the 
report  of  one  fatality  following  air  inflation 
of  the  peritoneum  in  a  patient  with  carci- 
noma. The  injection  was  made  with  all  due 
regard  for  asepsis,  but  some  days  after  the 
injection  the  patient  died.  Dr.  James  Ewing, 
who  performed  the  autopsy,  reported  a  gen- 
eralized peritonitis,  the  infection  manifestly 
entering  by  way  of  the  needle.  It  was  ad- 
mitted that  this  patient,  because  of  his  ad- 
vanced carcinoma,  was  probably  peculiarly 
susceptible  to  infection. 

One  of  the  senior  surgeons  in'the  largest 
surgical  cHnic  in  the  world  recently  pub- 
lished a  statement  that  wound  infection  oc- 
curred in  about  ten  per  cent  of  their  clean 
wounds,  and  this  in  spite  of  every  precaution 
known  to  science.  It  is  presuming  too  much 
to  expect  that  abdominal  puncture  for  pneu- 
moperitoneum can  proceed  month  after 
month  in  scores  of  cases,  without  sooner  or 
later  recording  more  than  one  instance  of 
peritonitis. 

Even  with  the  employment  of  the  trans- 
uterine  route  there  is  danger  of  waking  up 
latent  infection  and  the  cases  must  therefore 
be  carefully  selected.  One  case  is  reported 
wherein  a  young  married  woman,  in  whom  a 
careful  history  and  examination  by  the  gyne- 


cologist gave  no  sign  of  tubal  infection  or 
obstruction,  transuterine  pneumoperitoneum 
revealed  patency  of  at  least  one  tube  and  a 
left  ovarian  cyst.  A  laparotomy  was  per- 
formed the  following  day  for  removal  of  the 
dermoid,  the  tubes  and  remaining  ovary  be- 
ing noted  as  normal.  Two  days  later  the  pa- 
tient developed  a  definite  right  salpingitis 
with,  shortly  after,  extension  to  the  left  tube, 
followed  by  prolonged  and  painful  convales- 
cence. 

Air  Embolism.  This  is  a  real  danger.  At 
least  one  death  and  probably  two,  may  be 
thus  explained.  These  cases  are  briefly  re- 
lated in  a  later  paragraph  recounting  the 
known  deaths  in  conection  with  this  method 
of  diagnosis.  Another  case  is  reported  in 
which  death  was  escaped  by  a  narrow  mar- 
gin, where  it  is  reasonable  to  believe  that 
there  may  have  been  a  small  amount  of  air 
injected  into  a  vein.  It  is  now  recognized  that 
a  small  air  embolism  may  not  prove  fatal  or 
even  cause  any  symptoms ;  however,  none  of 
us  cares  willingly  to  permit  such  an  injec- 
tion. If  one  takes  the  precaution  to  make 
sure  that  no  blood  escapes  from  the  cannula 
after  removal  of  the  trocar,  there  will  be 
little  danger  of  this  accident. 

Superficial  Emphysema.  This  is  a  distress- 
ing and  confusing  accident — confusing  so 
far  as  the  diagnostic  value  of  the  resulting 
roentgenograms  is  concerned — Ijut  no  case 
has  been  reported  in  which  harm  has  re- 
sulted. Of  course,  this  is  also  a  fault  in  tech- 
nique but  its  occurrence  is  confessed  by  some 
of  the  men  with  the  largest  experience  in 
this  method. 

Rupture  of  Malignant  Adhesions.  It  is 
conceivable  that  abdominal  overdistention 
might  tear  loose  some  types  of  malignant  ad- 
hesions and  thus  awaken  renewed  virulence 
in  some  more  or  less  latent  malignancy.  This 
danger  is  mentioned  by  a  number  of  our  re- 
porters, in  the  hands  of  one  of  whom  this 
sequence  of  events  was  followed  by  a 
rapidly  fatal  outcome.  The  writer  is  not  in- 
clined to  consider  this  danger  as  a  serious 
drawback  to  the  method. 

Precipitation  of  Cardiac  Failure.  This 
rather  serious  danger  is  a  real  one.  One  of 
our  most  enthusiastic  advocates  of  pneumo- 
peritoneum has  suspended  the  employment  of 
this  procedure  because  of  a  near  fatality  in  a 
case  of  this  sort.  The  patient  was  a  well  pre- 
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served  man  of  sixty  who  was  very  anxious 
to  determine  whether  or  not  he  had  gall- 
bladder disease.  A  few  moments  after  in- 
troducing the  usual  amount  of  CO2  the  pa- 
tient became  exceedingly  distressed  and 
markedly  cyanotic,  his  pulse  was  impercep- 
tible, and  no  heart-beats  could  be  heard  with 
the  stethoscope  for  a  period  of  several  min- 
utes. It  certainly  looked  as  if  the  man  were 
dying,  but  he  recovered  during  the  next 
twenty  minutes.  He  was  rather  groggy  for 
the  rest  of  the  afternoon,  but  this  may  have 
been  due  to  the  morphine  which  he  received 
before  the  work  began.  The  man  possessed  a 
very  nervous  make-up,  but  his  blood  pres- 
sure was  normal  and  his  heart  appeared  to 
be  normal.  The  physician  discovered  later 
that  on  two  or  three  occasions  the  patient  had 
had  sudden  attacks  of  syncope  during  which 
he  became  unconscious  and  during  which  he 
vomited.  Nevertheless  the  experience  was  so 
harrowing,  our  reporter  felt  that  he  would 
not  care  or  dare  to  run  the  risk  again  unless 
the  experience  of  many  others  showed  the 
technique  to  be  as  safe  as  it  had  seemed  to 
him  in  the  past. 

Another  reporter  related  a  case  when 
with  only  the  usual  amount  of  abdominal 
distension,  the  exact  measurement  of  the 
quantity  of  gas  not  being  recorded,  a  woman 
patient  went  into  a  state  of  profound  shock, 
from  which  she  was  revived  only  after  an 
afternoon  and  night  of  anxious  effort. 

It  is  obvious  that  cases  of  inefficient  my- 
ocardium, valvular  heart  lesion  or  other 
cardiovascular  weakness  should  only  ex- 
ceptionally be  subjected  to  this  method  of 
study. 

DEATHS 

Four  deaths,  directly  associated  with 
pneumoperitoneum  have  come  to  your  re- 
viewer's notice.  Two  have  already  been  re- 
lated, one  due  to  introduction  of  oxygen  into 
the  spleen,  and  one  due  to  peritonitis.  Two 
further  cases  will  now  be  related  under  this 
miscellaneous  heading,  inasmuch  as  there  is 
some  difference  of  opinion  as  to  the  exact 
cause  of  death,  though  both  are  undeniably 
associated  with  an  attempt  to  examine  by 
the  pneumoperitoneum  method. 

The  first  of  these  two  cases  comes  from 
one  of  the  best  known  medical  institutions 
in  the  world,  where  it  cannot  be  doubted  that 


all    reasonable    precautions    were   taken    to 
avoid  danger  to  the  patient.  A  young  woman 
of  thirty-five  had  undergone  a  very  thorough 
clinical   study  of  her  case  to  discover  the 
cause  of  weakness,  loss  of  appetite,  headache 
and  enlargement  of  the  abdomen.  A  mass 
could  be  seen  and  palpated  in  the  epigastric 
region  reaching  below  the  umbilicus,  more 
marked  on  the  right  side.  It  was  irregular 
and  hard  to  palpation,  and  rather  tender. 
The  liver  edge  was   felt  4  cm.   below  the 
costal  margin;  the  spleen  was  not  palpable. 
Pneumoperitoneum  was  proposed  and  car- 
ried out  half  an  hour  after  the  hypodermic 
injection  of  morphine  1/6.  A  small  amount 
of  novocaine,  >^  per  cent  strength,  was  used 
for  local  anesthetic.   The  skin  was  incised 
with  a  scalpel  and  a  small  needle  introduced 
into  the  free  peritoneal  cavity.  Oxygen  and 
CO2  bubbled  through  sterile  fluid  in  a  bottle 
fitted  with  a  three-way  stopper.  The  gas  had 
just  started  to  bubble  through  the  fluid,  only 
a  few  c.cm.,  when  suddenly  the  patient  be- 
came cyanotic  and  the  hands,  especially  the 
left,  went  into  the  position  of  tetany,  where- 
upon the  needle  was  immediately  withdrawn. 
The  pulse  became  extremely  weak  and  could 
not  be  felt  at  the  wrists.  The  heart  sounds 
slowed  to  30  or  40  per  minute,  as  heard  with 
the  stethoscope,  and  were  much  weakened. 
Respiration  practically  ceased.  Artificial  res- 
piration was  given  as  well  as  atropin  and  ad- 
renalin intravenously.  After  twenty  or  thirty 
minutes,  the  heart  rate  would  suddenly  jump 
to  130  or  140;  then  suddenly  drop  to  about 
40.  There  was  gradual  improvement  in  res- 
piration and  heart  rate  until  at  the  end  of  an 
hour  the  pulse  was  120  and  respiration  18  to 
20.   The  patient  was  not  conscious.   After 
four  hours  the  pulse  was  102,  with  some  ex- 
tra systoles,  respiration  30,  temperature  99. 
Occasional  movements  of  arms  and  eyelids 
were  noted  but  no  return  to  consciousness. 
On  the  following  afternoon,  the  pulse  av- 
eraging 100  to  no,  respiration  being  fairly 
normal,  the  patient  suddenly  experienced  an 
attack  similar  to  the  one  of  the  previous  day. 
She  became  cyanotic,  the  pulse  failed  at  the 
wrist,  respiration  ceased,  and  the  end  came 
very  quickly,  just  twenty-four  hours  after 
the  attempt  at  pneumoperitoneum.  No  post 
mortem  examination  could  be  obtained.  At 
the  time  the  normal  rhythm  was  resumed, 
about  two  hours  after  the  examination  was 
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started,  there  was  heard  a  most  unusual 
sound  over  the  base  of  the  heart,  character- 
ized by  the  clinicians  as  a  gurgling,  loud  sys- 
tolic sound,  very  superficial,  just  "under  the 
ear".  This  continued  for  15  to  20  beats, 
grew  gradually  fainter,  and  then  disap- 
peared. The  final  diagnosis  was;  Possible  air 
embolism,  gumma  of  the  liver.  Simple  heart 
block  would  not  explain  the  continued  un- 
consciousness after  the  resumption  of  nor- 
mal rhythm. 

The  fourth  fatality  of  which  I  have  rec- 
ord occurred  at  the  beginning  of  an  injection 
for  the  performance  of  artificial  pneumoper- 
itoneum. The  patient,  sex  not  given,  was 
fifty  years  old,  with  a  clinical  diagnosis  of 
splenic  leukemia.  Gastrointestinal  study  by 
the  barium  meal  showed  the  stomach  dis- 
placed slightly  toward  the  median  line  by  a 
mass  in  the  left  upper  quadrant  of  the  ab- 
domen, probably  splenic.  It  was  decided  to 
do  a  splenectomy.  Artificial  pneumoperiton- 
eum was  requested  to  determine  the  presence 
or  absence  of  adhesions  between  the  spleen 
and  the  diaphragm.  The  patient  was  pre- 
pared in  the  usual  manner,  and  the  surgeon 
inserted  the  paracentesis  needle.  Oxygen  was 
employed.  In  less  than  one  minute  after  the 
gas  was  turned  on  the  patient  suddenly  be- 
came cyanotic  and  unconscious.  Respiration 
was  stopped.  The  needle  was  at  once  with- 
drawn but  in  spite  of  every  effort  the  patient 
died  within  five  minutes  of  the  time  of  the 
insertion  of  the  needle.  The  quantity  of  gas 
which  had  passed  into  the  peritoneal  cavity 
was  very  small — so  small  that  no  distention 
was  noticeable.  The  needle  had  been  passed 
by  a  surgeon  who  had  done  a  number  of  in- 
jections previously.  Here  too,  unfortunately, 
the  exact  cause  of  death  was  not  determined. 
The  reporter  of  this  case  felt  that  it  was  not 
due  to  any  factor  pertaining  to  the  procedure 
itself, "  but  rather  to  a  cause  which  might 
have  been  active  during  the  course  of  para- 
centesis abdominis  for  any  other  purpose. 
The  surgeon  had  observed  in  this  case  that 
the  patient  was  extremely  apprehensive  and 
fearful  on  entering  the  hospital  that  morn- 
ing. Clinical  examination  revealed  no  evi- 
dence of  serious  cardiac  derangement  prior 
to  the  attempted  pneumoperitoneum ;  the  pa- 
tient was  ambulant  up  to  the  time  of  his  en- 
tering the  hospital.  In  your  reviewer's  opin- 
ion, this  case  is  exactly  analogous  to  the  pre- 
ceding. 


There  were  probably  other  deaths  to  re- 
port in  this  connection,  for  two  of  the  four 
just  recited  were  stumbled  upon  from 
sources  other  than  those  circularized.  They 
furnish  abundant  food  for  thought,  and  in- 
contestably  mark  the  procedure  of  artificial 
pneumoperitoneum  as  one  which  should  be 
performed  only  in  an  institution  fully 
equipped  for  surgical  operations  and  emer- 
gencies, by  men  ready  to  assume  at  once  the 
responsibilities  of  dealing  with  such  emer- 
gencies should  they  arise.  It  is  interesting  to 
note  that  in  three  exactly  similar  accidents, 
two  of  them  fatal,  characterized  by  sudden 
cyanosis,  unconsciousness,  suspension  of  res- 
piration and  alarming  cardiac  disturbance, 
oxygen  was  used  in  one,  carbon  dioxide  in 
another,  and  a  mixture  of  carbon  dioxide 
and  oxygen  in  the  third. 

It  is  only  fair  in  this  connection  to  recall 
the  dangers  associated  with  several  other  es- 
tablished diagnostic  means  such  as  spinal 
puncture  and  pyleography.  Neither  of  these 
is  an  absolutely  safe  procedure;  accidents 
have  been  recorded  with  both,  and  possibly 
some  fatalities.  Both  procedures  are  often 
followed  by  unpleasant  experiences  on  the 
part  of  the  patient.  Neither  of  them  is  per- 
formed as  a  routine  examination,  nor  are 
they  recommended  without  due  considera- 
tion of  the  contraindications,  and  the  real 
necessity  for  their  employment. 

However,  the  fatal  or  alarming  attacks 
above  related  in  connection  with  attempted 
pneumoperitoneum  have  a  striking  similarity 
in  the  details  of  their  sytnptoms  and  in  the 
lightning  rapidity  of  their  onset;  and  few  of 
us  will  be  able  to  assist  at  future  examina- 
tions by  this  method  without  a  vivid  con- 
sciousness of  the  possible  dangers. 

Undoubtedly  some  of  the  accidents  above 
recited  are  the  result  of  errors  in  technique; 
yet  these  errors  have  occurred  in  some  of 
the  foremost  medical  and  surgical  clinics  of 
the  world,  in  the  hands  of  men  recognized  as 
able  to  avoid  such  errors  if  indeed  it  is  pos- 
sible always  to  avoid  them.  We  may  there- 
fore assume  that  such  errors  are  likely  to  re- 
cur from  time  to  time  in  spite  of  all  our 
foresight  and  precaution, 

INDICATIONS 

In  general,  it  may  be  stated  that  pneumo- 
peritoneum is  definitely  indicated  in  a  se- 
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lected  class  of  cases  of  obscure  abdominal  or 
retroperitoneal  conditions,  where  the  careful 
use  of  all  other  clinical  means  has  failed  to 
elucidate  the  problem  with  any  degree  of  sat- 
isfaction and  where  an  exploratory  opera- 
tion does  not  seem  preferable.  Such  con- 
ditions relate  especially  to  lesions  of  the  dia- 
phragm other  than  subphrenic  abscess,  and 
obscure  retroperitoneal  lesions.  Certain  le- 
sions of  the  kidney  and  their  differentiation 
from  paravertebral  masses  are  especially  il- 
luminated by  this  method,  but  the  opinion  is 
frequently  offered  that  where  the  method 
has  been  used  in  urological  work,  it  has  only 
occasionally  added  to  the  data  already  se- 
cured by  other  roentgenological  or  urological 
diagnostic  means.  The  perfection  of  the 
Potter-Bucky  diaphragm  has  been  one  of  the 
most  important  factors  in  still  further  nar- 
rowing the  field  of  usefulness  of  pneumo- 
peritoneum, for  good  roentgenograms  made 
with  the  Potter-Bucky  diaphragm  show  a 
wealth  of  detail  only  surpassed  by  plates 
made  after  gas  inflation  of  the  abdomen. 
Many  laboratories  have  adopted  the  plan  of 
trying  the  Potter-Bucky  diaphragm  tech- 
nique before  resorting  to  pneumoperiton- 
eum, with  the  result  that  the  latter  is  fre- 
quently not  needed. 

Abdominal  ascites  presents  the  least  con- 
tested indication  for  the  introduction  of  gas, 
which  is  so  easily  and  safely  carried  out  in 
this  type  of  cases.  The  method  is  probably 
next  most  useful  to  the  gynecologist,  espec- 
ially when  minimal  amounts  of  gas  are  in- 
troduced by  transuterine  insufflation. 

Abdominal  adhesions  at  first  seemed  to 
offer  the  most  tempting  indication  for  pneu- 
moperitoneum, especially  that  class  of  cases 
where  the  patient  developed  a  clinical  pic- 
ture not  present  before  operation.  But  post- 
operative adhesions  are  very  common ;  prob- 
ably a  very  small  proportion  only  cause 
symptoms  which  bring  the  patient  to  the 
roentgenologist.  When  a  patient  develops  a 
new  train  of  symptoms  following  abdominal 
section,  the  surgeon  is  frequently  assured, 
without  special  roentgenologic  study,  that 
adhesions  are  responsible ;  but  the  only  type 
of  adhesion  for  which  he  is  likely  to  operate 
are  those  involving  attachment  of  the  small 
intestine  to  the  abdominal  wall  or  to  some 
fixed  viscus.  Adhesions  of  intestine  to  the 
abdominal  wall  are  sometimes  most  strik- 


ingly demonstrated  by  pneumoperitoneum. 
The  question  may  properly  arise  whether 
it  is  not  possible  to  go  too  far  in  our  effort  to 
complete  a  diagnosis;  and  whether  there 
does  not  remain  a  certain  field  for  the  ex- 
ploratory operation.  Your  reviewer  realizes 
that  he  has  stood  in  a  difficult  position  in 
making  this  appraisal  of  the  value  of 
pneumoperitoneum.  It  is  hard  to  subtract  the 
individual  factor  and  make  the  appraisal  im- 
personal. The  opinions  expressed  are  dis- 
tinctly not  original  in  your  reviewer's  mind, 
although  he  finds  himself  in  accord  with 
them;  they  are  gleaned  from  hundreds  of 
pages  of  correspondence  with  men  of  large 
experience  most  likely  to  be  able  to  furnish 
information. 

DISCUSSION 

Dr  W.  H.  Stewart.  We  are  grateful  to  Dr. 
Case  for  gathering  all  of  this  interesting  data. 
Unfortunately,  our  President  has  selected  a 
man  to  obtain  this  information  who,  we  feel, 
is  distinctly  surgical  in  his  tendencies.  We  all 
recognize  his  ability  as  a  surgeon,  as  well  as  a 
roentgenologist.  It  has  been  difficult  to  con- 
vince a  certain  class  of  surgeons  throughout 
the  country  as  to  the  practical  value  of  pneu- 
moperitoneum. We  fear  Dr.  Case  comes  within 
this  class.  One  can  freely  say,  however,  that  he 
has  treated  the  subject  in  a  fair  manner. 

It  must  be  remembered  that  we  have  had 
many  difficulties  in  placing  this  method  before 
the  medical  profession  of  this  coimtry.  The 
same  difficulty  was  met  with  when  spinal  punc- 
ture was  introduced ;  this  has  been  overcome 
and  we  feel  the  prejudice  against  pneumoperi- 
toneum will,  in  a  great  measure,  disappear. 

If  we  accept  a  mortality  of  four  cases  since 
the  method  was  introduced,  one  can  be  quite 
satisfied,  considering  the  number  of  patients 
that  have  been  examined  and  also  the  fact  that 
in  many  instances  the  inflation  had  been  per- 
formed by  the  inexperienced.  We  are  ac- 
customed to  surgical  mortality,  but  death  from 
any  new  procedure  is  not  accepted  so  readily. 
It  is  difficult  to  appreciate  a  death  from  punc- 
ture of  the  spleen  or  from  infection,  if  proper 
surgical  precautions  are  used.  Unfortunately 
the  post-mortem  findings  could  not  be  obtained 
in  the  other  two  cases,  one  can,  therefore, 
never  feel  sure  that  pneumoperitoneum  was 
the  cause  of  death. 

In  advocating  this  procedure,  we  have  al- 
ways warned  against  its  indiscriminate  use. 
The  inflation  should  be  done  by  a  surgeon  and 
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not  by  a  roentgenologist,  unless  he  has  had 
special  surgical  training,  and  the  method  should 
never  be  used  except  in  cases  where  the  in- 
formation cannot  be  obtained  by  the  ordinary 
methods  of  examination. 

We  have  never  felt  that  it  was  necessary  to 
measure  the  gas ;  one  must  use  judgment  as 
to  the  quantity.  Relaxation  of  the  abdominal 
walls  prevents  a  uniformity  to  the  dose,  and 
massive  inflation  is  not  advisable ;  not  much 
gas  is  needed.  At  first,  when  oxygen  was  used, 
we  distended  the  abdomen  to  a  considerable 
extent ;  this  we  have  since  found  is  unneces- 
sary. The  abdomen  should  be  distended  to  a 
full  dome  shape,  and  with  the  least  possible 
amount  of  tension.  The  more  the  abdominal 
cavity  is  distended,  the  more  danger  of  pain 
and  dyspnoea.  Since  we  have  been  using  mor- 
phine with  carbon  dioxide,  the  patients  have 
had  very  little  pain  or  distress.  In  all  of  our 
series,  over  one  hundred  and  fifty,  we  have 
never  had  one  with  any  serious  trouble. 

We  have  never  considered  the  danger  of 
puncturing  the  intestines,  owing  to  the  fact 
that  if  one  goes  about  3  cm.  below  the  umbili- 
cus, he  will  never  have  any  difficulty,  especially 
if  the  abdominal  wall  be  somewhat  relaxed, 
and  can  be  raised  from  the  intestines. 

While  in  Gemiany  this  summer  I  had  the 
pleasure  of  hearing  a  paper  by  Goetze,  who  is 
probably  one  of  the  most  ardent  advocates  of 
the  method.  He  turns  the  patient  on  the  side 
and  punctures  in  the  left  or  right  iliac  fossa. 


Dr  Case  (closing  the  discussion).  I  did  not 
choose  this  subject  and  I  do  not  want  for  a 
moment  to  give  the  impression  that  I  am  try- 
ing to  kill  the  metliod.  I  consider  artificial 
pneumoperitoneum  one  of  the  most  brilliant 
accomplishments  in  the  last  five  or  six  years 
of  roentgenological  development.  It  has  a  very 
definite  field.  I  expect  to  go  on  using  it  for  a 
certain  number  of  cases.  These  instances,  how- 
ever, will  be  puzzling  cases  involving  the  dia- 
phragm (where  this  method  has  its  supreme 
value)  and  in  the  study  of  retro-peritoneal 
masses.  A  very  helpful  point  of  technique  in 
the  latter  type  of  case  is  to  put  the  patient  in 
the  knee-chest  position,  after  the  introduction 
of  gas,  thus  allowing  the  intestines  to  fall 
away  from  the  spine.  The  lateral  roentgeno- 
gram made  under  these  conditions  is  strikingly 
helpful,  as  has  been  especially  demonstrated 
by  Sante. 

Dr  Stewart  is  mistaken;  there  were  five 
deaths,  but  he  admitted  only  two.  It  is  hard  in 
one  of  these  pneumoperitoneum  cases  to  con- 
vince the  hospital  staff  or  the  patient's  family 


that  death  was  not  due  to  the  pneumoperi- 
toneum. In  three  of  the  cases  surgeons  did  the 
pneumoperitoneum ;  in  another  an  interne  did 
it. 

I  used  the  term  "massive  inflation"  in  con- 
tradistinction to  the  term  introduced  by  Rubin 
of  "minimum"  or  "minute"  inflation.  It  is  not 
necessary  to  pass  more  than  a  small  quantity 
of  gas  through  the  uterus.  By  massive  inflation 
I  meant  the  term  as  Dr.  Van  Zwaluwenburg 
used  it. 

A  member  of  our  society  introduced  the  use 
of  CO2 ;  used  it  in  a  very  large  number  of 
cases;  then  reported  a  near-fatality  and  now 
declares  he  will  not  use  the  method  again 
until  it  is  demonstrated  safe  to  use  it.  Recog- 
nizing the  dangers,  I  personally  expect  to  go 
on  using  the  method  in  a  limited  way.  It  is 
not  my  purpose  to  say  we  should  not  use  it. 
I  simply  call  attention  to  the  dangers.  The 
roentgenologist  must  protect  himself  by  having 
the  inflation  done  in  an  institution  and  by 
recognizing  the  limitations  of  the  method. 
It  was  suggested  by  one  member  of  our  society 
that  the  use  of  pneumoperitoneum,  or  rather 
the  frequency  of  its  use,  will  be  in  inverse 
proportion  to  the  degree  to  which  other  clinijcal 
means  have  been  exhausted. 

Comparing  exploratory  operation  and  pneu- 
moperitoneum, exploratory  operation  is  usu- 
ally done  under  a  local  or  gas  anesthetic.  It  is 
not  a  serious  affair  provided  nothing  more  is 
done  than  to  explore,  and  we  are  considerably 
more  sure  in  our  diagnosis  than  by  pneumo- 
peritoneum. There  is  a  certain  amount  of  pain, 
for  which  we  give  morphine;  that  is  done  in 
pneumoperitoneum.  Half  a  gram  altogether  is 
the  maximum  I  ever  give  to  a  patient ;  usually 
less.  When  using  gas  anesthetic,  50  per  cent 
are  not  nauseated ;  using  local  anesthetic,  there 
is  no  occasion  for  any  nausea.  In  exploratory 
operations  I  do  not  think  there  should  be  more 
than  Yz  per  cent  mortality,  and  that  should 
not  occur  in  purely  exploratory  operations. 

The  exploratory  operation  has  a  distinct  ad- 
vantage in  that  after  you  have  made  your  di- 
agnosis you  will,  in  a  large  per  cent  of  cases, 
go  ahead  and  attend  to  it  without  subjecting 
the  patient  to  further  mental  or  physical  dis- 
comfort. 

I  would  like  to  ask  Dr.  Van  Zwaluwenburg 
one  question.  We  will  admit  difficulty  in  mak- 
ing a  correct  gynecological  diagnosis  in  heavy 
patients.  Naturally  the  use  of  pneumoperito- 
neum is  invoked  as  a  means  of  eliciting  a  diag- 
nosis. How  many  times  has  he  observed  sur- 
geons leave  a  pelvic  pathology^  in  the  pelvis, 
whether  they  found  their  diagnosis  was  correct 
or  incorrect?  In  other  words,  it  matters  little, 
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as  far  as  the  surgical  indication  is  concerned, 
whether  we  differentiate  between  a  tubal  or  an 
ovarian  mass  in  the  great  majority  of  cases. 

I  would  like  to  suggest  that  the  term  "ex- 
ploratory operation"  be  not  used.  We  call  it 
surgical  examination.  Surgical  examination 
does  not  promise  the  patient  anything  (neither 


does  pneumoperitoneum)  in  the  way  of  relief. 
I  want  to  reiterate  that  there  is  a  definite 
field  for  this  pneumoperitoneum  work.  I  want 
to  emphasize  the  use  of  the  Potter-Bucky  dia- 
phragm, which  will  obviate  the  necessity  of 
pneumoperitoneum  in  a  large  percentage  of 
cases. 


OBSERVATIONS  ON  THE  NORMALLY  DEVELOPING 

SHOULDER* 

By  ISIDORE  CORN,  M.D.,  F.A.C.S. 

Professor  Clinical   Surgery,   Tulane  University; 
Associate  Senior  Surgeon,  Touro  Infirmary 

NEW  ORLEANS,  LOUISIANA 


THE  study  of  the  shoulder  has  been  car- 
ried out  in  a  manner  similar  to  the 
studies  made  on  the  elbow  and  knee. 

One  is  encouraged  to  continue  these 
studies  by  such  quotations  as  the  following 
taken  from  an  article  by  Bowen.^ 

''Experience  leads  me  to  the  belief  that 
clinically,  actual  diagnosis  of  separation  of 
an  epiphysis,  as  distinguished  from  a  frac- 
ture is  practically  unusual.  Given  a  fracture 
close  to  an  epiphysis,  one  may,  with  the  pa- 
tient's age  known,  make  a  shrewd  guess." 

A  tribute  is  paid  to  the  work  of  Poland 
which  the  author  says  is  remarkable  for  its 
completeness.  This  work  which  should  have 
been  so  useful  is  now  out  of  print. 

The  study  has  been  divided  into  three 
parts: 

( I ) .  A  review  of  the  literature. 

(2).  Observations  based  on  a  study  of 
normal  shoulder  joint. 

(3).  Descriptive  findings  of  individual 
radiograms  of  normal  joints  at  various  ages. 

PART  I 

REVIEW   OF  THE   LITERATURE 

It  is  not  necessary  to  review  again  the 
general  literature  of  epiphyseal  separation 
as  this  was  done  in  the  original  paper.^ 

Piersol,  in  his  work  on  anatomy  states: 


"There  are  two  or  three  (centers)  for  the 
upper,  a  chief  one  for  the  head  coming  soon 
after  birth  and  sometimes  sooner. 

"In  the  third  year  ossification  begins  in 
the  greater  tuberosity,  and  another  point 
may  appear  somewhat  later  in  the  lesser  one. 

"At  five  all  of  the  centers  for  this  end 
may  become  one,  making  a  cap  for  the  top 
of  the  shaft,  which  later  extends  into  the 
head.  The  upper  end  joins  at  about  nineteen, 
the  line  of  union  being  lost  at  twenty  or 
twenty-one." 

Gray's  "Anatomy"  gives  the  following: 
"During  the  first  year,  sometimes  before 
birth,  ossification  commences  in  the  head  of 
the  bone  and  during  the  third  year  the  center 
for  the  tuberosities  makes  its  appearance,  us- 
ually by  a  single  ossification  point,  but  some- 
times, according  to  Beclard,  by  one  for  each 
tuberosity,  that  for  the  lesser  being  the 
smaller  and  not  appearing  until  the  fifth 
year."  "By  the  sixth  year  the  centers  for  the 
head  and  tuberosities  have  increased  in  size 
and  become  joined,  so  as  to  form  a  single 
large  epiphysis." 

"The  upper  epiphysis  is  not  united  until 
the  twentieth  year."  Preston's  work  on  frac- 
tures^ is  in  complete  agreement  in  word  and 
sentiment  with  Gray's  "Anatomy." 

Stimson  states:  "The  upper  epiphysis  of 
the  humerus  comprises  the  head  and  the 
tuberosities." 

*I  wish  to  express  my  appreciation  of  the  kind  cooperation  and  assistance  in  this  work  of  Drs.  Paul 
G.  Lacroix  and  I.  M.  Gage  of  the  surgical  staff  of  Touro  Infirmary,  as  well  as  to  Drs.  Samuel  and  Bowie 
of  the  Department  of  Radiology.  Particular  mention  should  he  made  of  the  splendid  cooperation  and  in- 
terest in  the  work  manifested  hy  Mr.  Goodman,  technician  in  the  Department  of  Radiology. 
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Comment.  It  is  interesting  to  note  that 
Stimson  speaks  as  though  he  believed  that 
there  was  a  single  epiphysis. 

Cotton  does  not  venture  an  opinion  on  the 
subject  under  the  heading  "Separation  of 
the  Epiphysis"  (humerus)  in  his  work  on 
"Dislocations  and  Joint  Fractures." 

In  Morris's  "Anatomy"  we  find:  "Single 
centers  appear  for  the  head  in  the  first  year, 
for  the  greater  tuberosity  in  the  third  year 
and  for  the  small  tuberosity  in  the  fifth  year, 
though  sometimes  the  latter  ossifies  by  an 
extension  from  the  greater  tuberosity.  These 
three  nuclei  coalesce  at  six  years  to  form  a 
single  epiphysis  which  joins  the  shaft  about 
the  twentieth  year." 

Lewis's  Gra}'  and  Spitzka's  "Anatomy" 
as  well  as  Gerrish's  "Anatomy"  agree  in 
every  detail  with  the  above. 

Cunningham^  states:  "Within  the  first  six 
months  after  birth  a  center  usuallv  appears 
for  the  head  ;  this  is  succeeded  by  one  for  the 
greater  tuberosity  during  the  second  or  third 
year.  These  soon  coalesce  and  a  third  center 
for  the  small  tuberosity  begins  to  appear 
about  the  end  of  the  third  year  or  may  be  de- 
layed until  the  fourth  or  fifth  year. 

These  three  centers  are  all  blended  by  the 
seventh  year  and  form  an  epiphysis  which 
ultimately  unites  with  the  shaft  about  the 
age  of  twenty-five." 

According  to  Eisendrath^,  "The  upper  epi- 
physis joins  the  shaft  at  the  age  of  twenty." 

Williams*'  in  a  chapter  on  "Development  of 
the  Skeleton"  does  not  mention  particular 
ages  at  which  union  of  the  epiphysis  and 
shaft  takes  place.  No  pictures  are  given.  Von 
Bergmann,  Senn,  Park  and  many  other 
recent  standard  works  on  surgery  were 
consulted  for  information  and  nothing 
was  found  that  would  be  helpful  on  this 
subject. 

Choyce  gives  the  following:  "The  upper 
end  of  the  humerus  is  formed  of  three  sepa- 
rate epiphyses,  for  the  head  and  greater  and 
lesser  tuberosities,  the  centers  for  which  ap- 
pear respectively  at  six  months,  two  years, 
and  three  years  after  birth.  They  are  all 
united  at  the  end  of  the  second  vear  to  form 
a  single  epiphysis  which  joins  the  shaft,  at 
the  age  of  twenty-five. 

Roberts  and  Kelly  state:  "The  humerus 
is  developed  from  a  center  of  ossification  for 
the    diaphysis,    which    appears    during    the 


eighth  week  of  fetal  life,  and  six  or  seven 
secondary  centers  for  the  extremities  which 
appear  after  birth,  the  epiphysis  being  car- 
tilaginous. During  the  first  year  the  centers 
appear  in  the  following  order: — upper  epi- 
physis for  the  head,  the  capitellum,  the 
greater  tuberosity,  the  lesser  tuberosity,  the 
trochlea,  the  external  and  internal  epicon- 
dyles,  which  appear  betw^een  the  tenth  and 
twelfth  years.  Complete  ossification  and  dis- 
appearance of  the  synchondroses  from  the 
twentieth  to  the  twenty-second  year." 

PART  II 

OBSERVATIONS 

When  examining  roentgenograms  of  the 
shoulder  in  the  young,  one  must  know  how 
many  separate  epiphyses  are  normallv  pres- 
ent, when  each  one  begins  to  ossifv  and 
when  complete  ossification  and  union  take 
place. 

Pictures  of  the  shoulder  girdle  include  the 
upper  limit  of  the  humerus,  the  scapula,  and 
the  clavicle. 

We  have  observed  one  definite  epiphysis 
for  the  upper  end  of  the  humerus  and  possi- 
bly a  second,  corresponding  to  the  greater 
tuberosity  of  the  humerus  and  one  for  the 
acromion  process. 

The  earliest  observation  which  we  have 
made  is  at  the  age  of  seven  weeks ;  at  this 
time  there  is  only  one  epiphysis,  which  cor- 
responds to  the  head  of  the  humerus ;  this  is 
elliptical  and  it  is  rather  -widely  separated 
from  the  upper  limit  of  the  shaft,  which  re- 
sembles a  double  inclined  plane.  At  this  time 
the  glenoid  fossa,  the  acromion  process  and 
the  clavicle  are  ossified  in  the  same  degree 
as  the  diaphysis  of  the  humerus.  There  is 
no  evidence  of  the  coracoid  process  at  this 
time. 

During  the  first  two  years  no  other  epi- 
physis appears  to  be  ossifying.  The  epiphysis 
for  the  head  almost  doubles  its  size  and  ap- 
proximates more  closely  the  shaft.  There  is 
at  this  time  a  small  shadow  representing  the 
ossifying  coracoid  process. 

At  three  years  of  age  the  upper  epiphysis 
has  increased  very  much  in  size  and  a  new 
shadow  is  seen  to  the  outer  side  of  the  origi- 
nal elliptical  shadow  for  the  head,  the  new 
shadow  being  a  smaller  ellipse  than  the  ori- 
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Author 

Head 

Greater    Tuberosity 

Lesser    Tuberosity 

Union  with 
Shaft 

Piersol 

Soon  after 
birth 
(At  five  all 

Third  year 
have  united  to  form 

Later  than  third  year 
one  epiphysis) 

Twenty  to 
twenty-one 

Gray 

During  first  year 
(All  coalesce  to 
epiphysis) 

Third  year 
form  a  single 

Third  year.  Some- 
times as  late  as  the 
fifth  or  sixth  vear. 

Twentieth 

year 

Morris 

First  year 

(All  coalesce  to 
epiphysis  at  six) 

Third  year 
form  a  single 

Fifth  year.   Some- 
times this  is  an  ex- 
tension of  the 
greater  tuberosity. 

Twentieth 
year 

Lewis 
Gray 
Spitzka 
Gerrish 

Same  as  above 

Cunning- 
ham 

During  first 
six  months 

Second  or  third  year 

Third  to  fifth  year 

Twenty- 
five 

Eisendrath 

Twenty 

Choyce 

All  unite  by  the 
Three  separa 
Six  months 

second  year 
te  epiphysis 

Two  years 

Three  years 

Twenty- 
five 

Preston        1     Gives  the  same  as  Gray's  "Anatomy." 

Roberts 

and 
Kelly 

First  year 

First  year 

First  year 

Twenty  to 
twenty-two 

Cohn  !     Radiologically  there  is  only  definite  epiphysis. 

1     Ossification  is  certainly  evident  at  seven  weeks  after  birth.  Complete  union 
with  the  shaft  takes  place  between  the  nineteenth  and  twentieth  year. 
The  greater  tuberosity  seems  to  be  a  downward  growth  from  the  head. 
In  none  of  our  pictures  have  we  been  able  to  see  a  separate  center  of 
ossification  for  the  lesser  tuberosity. 


ginal.  It  is  difficult  to  say  whether  this  rep- 
resents ossification  within  a  separate  center 
or  whether  it  is  a  downward  and  outward 
growth  from  the  head.  In  either  event  the 
cap  formed  by  the  above  described  shadow 
forms  a  groove  and  tongue  joint  with  the 
shaft.  The  coracoid  has  now  become  a  dis- 
tinct shadow. 

Few  important  changes  in  general  are  evi- 
dent until  the  seventh  year ;  at  this  time  the 
upper  epiphysis  for  the  head  and  the  greater 
tuberosity  are  certainly  one. 

By  the  eighth  year  almost  complete  ossi- 
fication has  taken  place  in  the  epiphysis  and 
we  find  it  closelv  approximated  to  the  shaft. 
The  coracoid  has  also  increased  greatl\-  in 
size. 

A  peculiar  picture  is  presented  at  nine 
years   and   ten    months    (Fig.  10).  Examin- 


ing it  carefully  one  finds  that  there  is 
a  constriction  below  the  head  and  lower 
down  on  the  picture,  there  is  a  definite 
wedge-shaped  "fragment".  It  was  difficult  to 
interpret  this  particular  appearance  until  it 
was  realized  that  possibly  it  might  be  due  to 
two  things,  position  and  an  optical  illusion. 

In  order  to  determine  if  the  apparent  lines 
were  due  to  position  and  nothing  else  it  was 
determined  to  take  the  same  shoulder  in  sev- 
eral positions.  These  proved  conclusively 
that  the  appearance  is  an  optical  illusion,  the 
result  of  looking  through  the  epiphysis  at 
different  angles  (Figs.  20,  21  and  22). 

From  this  age  until  nearly  the  fifteenth 
year  few  changes  are  noted,  except  a  pro- 
gressive enlargement  and  ossification  of  the 
epiphysis. 

At    the    age    of    fourteen    vears    and  six 
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Fig.  I.  Normal  shoulder.     Age:  7  weeks.  Fig.  2.  Xormal  shoulder.     Age:  5  months. 


Fig.  3.  X'ormal  shoulder.     Age  :  5  months.  Fig.  4.  Xormal  shoulder.     Age  :   13  months. 


Fig.  5.  Normal  shoulder.   Age:  2  j-ears.  Fig.  6.  Xormal  shoulder.     Age:  3  years. 
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Fig.  7.  Xormal  -houlder.    Age :  4  years,  7  months.  Fig.  8.  Normal  shoulder.    A-e:   7  years. 


Fig.  9.  Xormal  shoulder.    Age:  8  years.  Fig.  10.  Xormal  shoulder.     Age:  9  years,  10  months. 


M 
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Fig.  II.  Xormal  shoulder.        _        ..  years,  6  months.  FiG.  12.  Xormal  shoulder.    Age;    14  years. 
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months  we  note  a  definite  center  of  ossifica- 
tion for  the  acromion  process.  This  is  very 
important  because  this  epiphysis  is  often  mis- 
taken for  a  fracture.  At  this  time  also  we 
note  that  the  greater  tuberosity  of  the  hu- 
merus shows  a  distinct  line  which  might  be 
mistaken  for  a  fracture  (Fig.  14). 

At  the  age  of  eighteen  years  and  seven 
months  (Fig.  18)  all  of  the  epiphyses  are 
united  to  the  shaft — there  being  only  the 
slightest  line  of  demarcation  at  the  lower 
level  of  the  greater  tuberosity  of  the  hu- 
merus ;  this  line  is  irregular  and  may  extend 
through  the  diameter  of  the  shaft. 

By  the  twentieth  year  all  of  the  epiphyses 
are  completely  ossified  and  the  shoulder  has 
the  appearance  of  the  adult  normal  type. 

PART  III 

INTERPRETATION   OF    NORMAL   SHOULDER 
PICTURES  AT  VARIOUS  AGES 

Age:  Seven  Weeks  (Fig.  i).  At  this  time 
there  is  one  epiphysis  for  the  upper  end  of 
the  humerus  and  this  is  a  small  elliptical 
mass  widely  separated  from  the  shaft.  The 
acromion  process,  the  glenoid  fossa  and  the 
clavicle  are  all  well  ossified.  There  is  no  evi- 
dence of  a  coracoid  process. 

Five  Months  (Figs.  2  and  3).  The  only 
change  that  is  noted  is  a  marked  increase  in 
the  size  of  the  upper  epiphysis,  which  is  now 
at  least  twice  the  size  of  the  same  shadow 
at  seven  weeks. 

Thirteen  Months  (Fig.  4).  The  upper 
epiphysis  has  increased  in  size.  No  other 
changes  are  noted  in  the  other  structures. 

Tivo  Years  (Fig.  5).  The  only  evident 
change  is  a  small  shadow  which  may  be  the 
beginning  of  ossification  within  the  coracoid. 

SUMMARY 

During  the  first  two  years  ossification  is 
noted  in  one  epiphysis  for  the  upper  end  of 
the  humerus.  The  other  structures  showing 
evidence  of  ossification  are  all  of  the  promi- 
nences of  the  scapula,  except  the  coracoid 
which  only  shows  slight  evidence  of  ossifi- 
cation toward  the  latter  part  of  the  second 
year. 

Three  Years  (Fig.  6).  The  upper  end  of 
the  shaft  has  changed  its  appearance,  from 


the  transverse  line,  to  an  angular  appear- 
ance, sloping  downward  and  outward  and 
downward  and  inward  from  a  plane  passed 
through  the  outer  third  of  the  shaft  of  the 
humerus.  The  inner  slope  of  this  upper  end 
of  the  shaft  is  covered  in  about  two  thirds 
of  its  upper  aspect  by  the  ossified  upper  epi- 
physis. There  is  a  shadow  in  the  outer  por- 
tion of  the  epiphysis,  which  seems  to  make 
the  epiphysis  fit  over  the  tongue  and  grooved 
effect  of  the  shaft. 

This  shadow  in  the  outer  portion  of  the 
upper  epiphysis  may  be  a  separate  epiphysis 
for  the  greater  tuberosity  or  it  may  be  a 
downward  projection  of  the  upper  epiphysis 
to  form  the  greater  tuberosity  as  a  portioii 
of  the  original  epiphysis  for  the  head. 

The  coracoid  by  this  time  has  grown  to  a 
rather  large  size. 

Four  Years  and  Six  Months  (Fig.  7). 
The  upper  epiphysis  covers  more  than  two 
thirds  of  the  upper  end  of  the  diaphysis.  The 
tongue  and  groove  effect  is  more  evident 
now  than  at  previous  periods.  If  the  ossify- 
ing portion  of  the  upper  epiphysis  which 
forms  the  greater  tuberosity  is  a  separate 
epiphysis,  there  is  certainly  no  definite  line 
of  demarcation  between  the  two. 

Seven  Years  (Fig.  8).  The  upward  pro- 
jection of  the  diaphysis  is  entirely  covered 
by  the  ossified  upper  epiphysis.  If  originally 
there  were  separate  epiphyses  for  the  head 
and  greater  tuberosity  the  two  have  certainly 
united  at  this  time. 

Eight  Years  (Fig.  9).  There  is  closer  ap- 
proximation between  the  shaft  and  the  epi- 
physis. Ossification  from  the  shaft  seems  to 
proceed  up  into  the  epiphysis.  The  coracoid 
process  is  larger  than  in  previous  years. 

Nine  Years  and  Ten  Months  (Fig.  10). 
The  diaphysis  seems  to  be  separated  from 
the  epiphysis  for  the  head,  by  a  triangular 
or  wedge-shaped  shadow.  The  impression 
given  is  that  this  wedge  is  separate  and  dis- 
tinct from  the  shaft  and  also  from  the  head. 

This  is  not  the  true  state  of  affairs  hut 
the  appearance  is  rather  an  optical  illusion 
due  to  the  position  of  the  arm  zvhen  the 
picture  was  taken. 

The  lower  part  of  the  head  represents  the 
epiphyseal  line  and  what  afterwards  be- 
comes the  anatomic  neck. 

The  wedge-shaped  shadow  represents  the 
greater  tuberosity. 
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Fig.  13.  Normal  shoulder.   Age:  14  years,  6  months.     Fig.  14.  Xormal  shoulder.  Aye  :   14  years,  8  months. 


Fig.  15.  Normal  shoulder.    Age:  15  years,  4  months.  Fig.  16.  Normal  shoulder.     Age:  16  years,  10  months. 


Fig.  17.  Normal  shoulder.    Age:  17  years,  6  months.  Fig.  18.  Normal  shoulder.    Age:  18  years,  7  months. 
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Fig.  19.  Normal  shoulder.    Age :  20  years 


Eleven  Years  and  Six  Months  (Fig.  11  ). 
There  is  closer  approximation  between  the 
shaft  and  the  epiphysis.  At  this  time  there 
is  no  evidence  of  union  within  the  epiphvsis 
of  the  acromion  process. 

Fourteen  Years  (Fig.  12  j.  There  is  closer 
approximation  of  epiphysis  and  diaphysis, 
but  no  evidence  of  ossification  between  the 
two.  The  coracoid  process  is  well  developed. 
There  is  still  no  evidence  of  ossification  of 
the  epiphysis  for  the  acromion. 

Fourteen  Years  and  Six  Months  (Fig. 
13).  This  is  similar  to  the  appearance  at 
fourteen  years,  w-ith  the  exception  that  there 
is  a  well  developed  acromion  process.  The 
epiphysis  is  separated  by  a  definite  line  from 
the  acromion  proper. 

Fourteen  Years  and  Eight  Months  (Fig. 
14).  There  is  complete  ossification  of  the  up- 
per epiphysis  of  the  humerus,  almost  com- 
plete obliteration  of  the  epiphyseal  line,  ex- 
cept the  lower  portion  of  the  greater  tuber- 
osity which  is  still  separated  by  a  well  de- 
fined line. 

At  this  age,  the  acromion  epiphysis  seems 
completely  ossified  and  united  to  the  remain- 
der of  the  acromion.  This  is  an  occasional 
finding. 

Fifteen  Years  and  Four  Months  (Fig. 
15).  The  wedge-shaped  appearance  of  the 
upper  end  of  the  shaft  is  here  replaced  bv  an 
almost  flat  top  of  the  shaft,  superimposed 
on  which  is  the  ossified  upper  epiphvsis 
which  is  not  united  yet  to  the  shaft.  The 
acromion  is  not  united  to  its  epiphvsis,  al- 


FiG.  20.  Normal  shoulder. 


though  the  epiphysis  shows  evidence  of  al- 
most complete  ossification. 

Sixteen  Years  and  Ten  Months  (Fig.  16). 
The  greater  tuberosity  seems  not  to  be 
united  entirely  with  the  diaphysis.  Between 
the  remaining  portion  of  the  epiphysis  and 
diaphysis  union  seems  complete. 

The  epiphyseal  line  between  the  acromion 
and  the  diaphysis  of  the  scapula  is  still  very 
marked. 

Seventeen  Years  and  Six  Months  (Fig. 
17).  Incomplete  union  of  the  epiphysis  and 
diaphysis.  The  acromion  process  is  not  yet 
united  to  the  shaft. 

Eighteen  Years  and  Seven  Months  (Fig. 
18). Complete  ossification  of  the  epiphysis 
and  almost  complete  union  of  the  epiphysis 
and  shaft.  Scapula  ossified 'throughout. 

Ticenty  }'ears  (Fig.  19).  Complete  ossi- 
fication and  union  of  the  respective  epi- 
physes and  diaphyses. 

CONCLUSIONS 

Radiologic  examination  of  the  shoulder 
girdle  during  the  first  year  shows  only  one 
epiphysis  sufiiciently  ossified  to  leave  a 
shadow,  the  epiph}'sis  for  the  upper  end  of 
the  humerus.  This  epiphysis  is  represented 
])}•  a  small  elliptical  shadow,  which  is  rather 
widely  separated  from  the  upper  end  of  the 
shaft.  Our  earliest  observation  was  seven 
weeks. 

During  the  first  two  years  no  other  epi- 
physis makes  its  appearance,  except   for  a 
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Fig.  21. 


Fig.  22. 


Figures  20,  21  and  22  represent  the  altered  radiologic   appearance   of    the   same    shoulder,   caused    by    a 

change  in  its  position. 


small  shadow  which  may  be  interpreted  as 
the  early  ossification  within  the  coracoid  pro- 
cess. 

During  the  third  year  the  head  of  the  hu- 
merus increases  rather  rapidly  in  size.  The 
upper  end  of  the  shaft  takes  on  the  appear- 
ance of  a  double  inclined  plane,  higher  near 
the  middle  and  sloping  downward  to  either 
side. 

At  this  time  there  is  a  shadow  on  the 
outer  and  lower  aspect  of  the  epiphysis  for 
the  head,  which  may  be  ossification  within  a 
separate  epiphysis  for  the  greater  tuberos- 
ity or  it  may  be  that  the  greater  tuberosity 
is  a  downward  growth  from  the  original 
epiphysis  for  the  head.  In  the  pictures  no 
clear  line  of  demarcation  can  be  made  out 
between  the  shadows. 

Beginning  ossification  within  the  coracoid 
is  evident  at  three  years. 

In  order  to  avoid  errors  of  interpretation 
in  roentgenograms  of  the  shoulder  one  must 
take  several  views. 


Ossification  within  the  epiphysis  of  the 
acromion  is  rarely  evident  before  the  middle 
of  the  fourteenth  year. 

Complete  ossification  of  the  acromion  epi- 
physis takes  place  about  the  middle  of  the 
eighteenth  year. 

Complete  ossification  within  the  upper  epi- 
physis is  evident  about  the  nineteenth  year. 

There  is  no  trace  of  the  epiphyseal  line  at 
the  twentieth  year. 
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SOME  OBSERVATIONS  ON  THE  TREATMENT  OF 
HYPERTHYROIDISM  WITH  X-RAYS* 

By  GEORGE  W.  HOLMES,  M.D. 

Roentgenologist  to  the  Massachusetts  General  Hospital   and  Instructor  in   Roentgenology, 

Harvard  Medical  School 

BOSTON,    MASSACHUSETTS 


IN  1 91 9,  we  reported  in  the  Journal  of  the 
American  Medical  Association  the  results 
of  our  observations  on  262  cases  of  hyper- 
thyroidism treated  with  .r-rays,  and  reviewed 
the  literature  up  to  that  year.  Since  that 
time,  we  have  had  an  opportunity  to  observe 
107  additional  cases. 

In  this  paper,  I  shall  not  attempt  a  statis- 
tical study  of  the  cases  seen,  but  will  present 
to  you  the  observations  we  have  made  in 
studving-  this  rather  large  group  of  cases, 
with  a  description  of  the  methods  employed 
and  the  results  obtained. 

The  successful  treatment  of  hyperthyroid- 
ism requires  the  best  possible  cooperation  of 
the  clinician,  surgeon  and  roentgenologist. 
To  accomplish  this  at  the  Massachusetts 
General  Hospital,  we  have  established  a 
goiter  commission  consisting  of  an  intern- 
ist, surgeon  and  roentgenologist.  This  com- 
mittee meets  once  a  week,  and  all  patients 
are  seen  by  the  members  in  consultation.  If 
the  patient  is  a  new  one,  an  attempt  is  made 
to  make  a  definite  diagnosis  of  the  type  of 
disease  present,  and  the  form  of  treatment 
agreed  upon.  Old  cases  are  reexamined  be- 
fore changing  the  form  of  treatment,  also 
for  observation  and  discharge.  Metabolism 
tests  are  made  before,  after  and  during  treat- 
ment. Sources  of  infection,  such  as  diseased 
teeth,  tonsils,  etc.  are  looked  for,  and,  if 
found,  proper  treatment  is  instituted.  The 
condition  of  the  heart  is  observed,  and,  in 
women,  the  pelvic  organs  are  examined.  The 
presence  or  absence  of  an  enlarged  thymus 
gland  is  determined,  when  possible.  The  pa- 
tient's occupation,  home  life  and  the  distance 
of  residence  from  the  clinic  are  considered. 

A  photograph  of  the  patient  is  made  and 
the  pulse  rate,  weight,  temperature  and  me- 
tabolism rate  are  charted. 

In  determining  the  form  of  treatment  to 
be  instituted  in  each  individual  case,  we  con- 
sider: 

I.  The  type  of  disease  present. 


2.  The  environment  and  distance  of  resi- 
dence. 

We  have  found  the  following  grouping 
fairly  satisfactory  for  this  purpose: 

Colloidal,  cystic  and  simple  goiters. 

Malignant  goiters. 

Toxic  adenomata. 

Non-toxic  adenomata. 

Exophthalmic  goiters. 

Colloidal,  cystic  and  simple  goiters  should 
never  be  subjected  to  roentgenization.  If  they 
cause  pressure  symptoms,  or,  if  for  other 
reasons  it  is  advisable  to  remove  them, 
surgery  is  advised. 

In  malignant  goiter,  we  advise  immediate 
operation  followed  by  postoperative  raying. 
If,  for  any  reason,  surgery  is  contrain- 
dicated,  roentgenization  alone  may  bring 
about  a  temporary  cure.  A  patient  of  this 
type  came  under  my  observation  in  1916, 
three  years  after  she  had  been  operated  upon. 
At  the  time  of  this  observation,  she  had  ex- 
tensive recurrence  with  metastases  in  the 
lungs. 

Under  roentgenization,  these  signs  disap- 
peared, and  she  was  free  from  symptoms 
until  death  of  intercurrent  disease  in  1921. 

Toxic  adenomata  respond  readily  to  ;r-ray 
treatment,  but  surgery  is  quicker,  and,  as  the 
surgical  risk  is  slight,  most  of  these  cases 
are  referred  for  operation. 

We  have  never  treated  a  non-toxic  ade- 
noma, though  I  see  no  reason  why  localized 
nodules  could  not  be  reduced  by  exposure 
to  radiation.  As  a  rule,  these  cases  are  kept 
under  observation  or  treated  surgically. 

Exophthalmic  goiters  are  usually  started 
on  rest  and  radiation.  It  has  been  our  exper- 
ience that  the  surgical  risk  is  considerably 
greater  in  this  class  of  cases,  and  that  they 
respond  very  well  to  roentgenotherapy. 

The  importance  of  rest  increases  with  the 
toxicity  of  the  case,  and  those  having  a  very 
high  metabolism  are  usually  given  some  rest 
before  instituting  ^r-ray  treatment.  Even  in 
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Fig.  I.  A  prescription  for  treatment. 


clinics  where  surgery  is  used  exclusively, 
this  type  of  case  would  be  given  a  rather 
long"  period  of  rest,  and  we  believe  rest,  com- 
bined with  .i--ray  treatment,  gets  the  patient 
in  much  better  condition  for  operation  and 
reduces  the  operative  risk  by  destruction  of 
the  thymus,  and,  if  not  too  much  prolonged, 
does  not  make  the  operation  more  difficult. 
As  a  matter  of  fact,  a  large  percentage  of 
cases  so  treated  never  come  to  operation. 

The  following  cases  are  illustrative  of  the 
types  treated  and  the  results  obtained; 

Case  I.  Exopthalmic  goiter  of  long  dura- 
tion in  a  woman,  aged  forty-one.  Toxic 
symptoms  were  marked  for  four  years. 
There  was  a  symmetrical  marked  enlarge- 
ment of  the  thyroid  with  exophthalmos  and 
emaciation.  Systolic  bruit  was  present.  The 
accompanying  chart  shows  the  course  of  the 
disease  under  treatment. 


Treatment  was  started  in  March,  1 918.  At 
that  time,  the  patient's  metabolism  was  85 
per  cent  above  normal,  pulse  rate  120,  and 
weight  52  kgm.  Three  weeks  later,  a  second 
treatment  was  given,  at  which  time  there  was 
no  marked  change  in  her  condition.  In  nine 
months,  she  had  received  six  treatments,  dur- 
ing which  time  there  was  a  steady  rise  in 
weight  and  drop  in  the  pulse  rate  and  metab- 
olism. She  was  given  two  more  treatments 
in  April  and  May,  1919,  making  ten  treat- 
ments in  all,  covering  a  period  of  one  year. 
The  metabolism  rate  was  slightly  elevated 
until  the  latter  part  of  1919  when  it  reached 
normal,  and  it  has  remained  so  since.  Her 
last  metabolism  observation  was  in  Decem- 
ber, 1920.  Since  that  time,  she  has  been  un- 
der general  observation  and  apparently  is  en- 
tirely well. 

This  case  seems  to  represent  a  cure  by 
x-v^y  treatment  of  a  long-standing  severe 
tvpe  of  exophthalmic  goiter.  The  period  of 
time  dating  from  the  initial  treatment,  before 
metabolism  reached  normal  (practically  two 
years),  would  probably  have  been  short- 
ened considerably  had  surgery  been  used. 
But  on  the  other  hand,  the  patient  was  an 
extremely  poor  surgical  risk,  and  her  pres- 
ent condition  is  in  every  way  satisfactory. 
It  is  also  probable  that  the  periods  between 
treatments  were  longer  than  necessary,  and 
that  somewhat  heavier  dosage  might  have 
been  used. 

Case  II.  Exophthalmic  goiter,  a  rather 
mild  early  case  in  a  man  aged  forty-two. 
Toxic  symptoms  present  for  six  months. 

At  the  time  of  his  first  treatment  in  April, 
1920,  he  had  lost  20  lbs.  in  weight  during 
the  preceding  six  months.  There  was  sweat- 
ing of  the  hands,  palpitation,  dypsnea,  slight 
enlargement  of  the  thyroid  and  exophthal- 
mos. His  basal  metabolism  was  40  per  cent 
above  normal,  his  pulse  rate  95  and  his 
weight  40  kgm. 

He  was  given  one  .t'-ray  treatment  in 
April,  another  in  May,  and  in  June  a  second 
metabolism  test  was  made,  at  which  time 
there  was  a  drop  to  10  per  cent  above  nor- 
mal, and  a  rise  in  weight  to  46  kgm.  Three 
more  .I'-ray  treatments  were  given,  the  last 
in  August,  1920,  four  months  after  begin- 
ning treatment.  His  last  metabolism  observa- 
tion was  made  in  June  1921.  It  was  prac- 
tically normal.  His  pulse  rate  at  that  time 
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Fig.  2.  Case  I  before  treatment. 


was  72  and  his  weight  had  reached  52  kgm. 
and  he  was  practically  free  from  symptoms. 
He  is  a  tailor  by  trade,  and  at  no  time  did 
he  stop  work. 

This  case  illustrates  the  prompt  response 
to  treatment  of  a  mild  early  case,  a  cure  be- 
ing brought  about  in  the   short  period  of 


Fig.  3.  Case  I  after  treatment. 

four  months  without  interfering  with  the 
patient's  mode  of  living  or  occupation.  He 
has  been  under  observation  now  for  over  a 
year  and  has  remained  well. 

Case  HI.  Toxic  goiter  of  moderate  sever- 
ity, of  rather  long  duration  (five  years),  in 
a  woman,  aged  forty.  No  eye  signs  and  no 
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Fig.  4.  Case  i.  Chart  showing  the  results  of  .r-ray  treatment  in  a  case  of  exophthalmic 
i  goiter  of  long  standing. 
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Fig.  5.  Case  II  before  treatment. 

evidence  of  localized  adenomata,  and  defin- 
itely worse  during  the  year  preceding  treat- 
ment. The  goiter  committee  advised  rest 
and  .r-ray  treatment  followed  by  surgery  if 
necessary. 

When  the  patient  was  first  seen  on  Sep- 


FiG.  6.  C.^SE  II  after  treatment. 

tember  24th,  1920,  her  metabolism  was  49 
per  cent,  her  pulse  rate  100,  and  her  weight 
45  kgm.  She  was  given  an  .r-ray  treatment 
and  complete  rest  in  bed.  At  the  end  of  a 
month,  a  second  treatment  was  given.  At 
this  time,   there   was   a   slight   drop   in  the 


37^3 

FIRST     YEAR 

SECOND     YEAR 

Dale 

0 

4    " 

3 

4/1 

0 
fJ 

^ 
0 

0 

u 
Q 

^ 

4 

<i 

3 

• 

f- 
< 

w 
w 

150 
140 

130 
120 
110 
100 
90 
80 
70 
60 
oO 

0 

> 

w 
0 

CQ 
< 

f- 
UJ 

S 
-J 

< 

m 

100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
0 

5^ 

AS 

J  j 
J  1 

i  1 

1  f 

t  1 

1    i 

E  « 

>«  " 

0 
0 

a 

- 

^^' 

,-* 

-^ 

^^ 

,^-' 

\ 

,«' 

--" 

V 

V 

— 

— 

o- 

— 

-  — 

^.^ 

1 

4-^ 

A-2 

/"- 

V 

— 



1 

' 

/ 
/ 

1    ■ 

^^ 

-1 

TrrntmenI 

X    X 

XXX 

1 

1 

^  M 

Ac(ivi<y 

3333333333 

'          <   \  I   \ 

: 

DIRECTIONS.       M^Uboliem.'ESili'?-   PuU§.''-fi&T"Weighl,^SSilr^erp.ndicuUr  line,  denote  monlh.;      TREATMENT:    X-  X-Ray  treatment 
(1).  (2)  ete.=Operalion.;     Activity.  1  =Completc  reel  in  bed;     2==  Partial  Rett;      3      Uiual  mode  of  life. 

Fig.  7.  Case  II.  Chart  showing  results  in  a  rather  mild  early  case  of  exophthalmic  goiter. 


734 


Observations  on  the  Treatment  of  Hyperthyroidism  with  A'-Rays 


Fig.  8.  Case  III  liefore  treatment 


Fic.  Q.  Case  III  after  treatment. 


pulse  rate  and  metabolism,  but  no  gain  in  weight  had  reached  57  kgm.,  her  pulse  rate, 

weight.  Between  October,  1920,  and  April,  90,  and  her  metabolism  10  per  cent  above 

1 92 1,  she  received  nine  treatments,  making  normal.  The  last  observation  was  made  in 

eleven  treatments  in  all.  At  this  time,  her  August,  1921,  at  which  time  her  weight  had 
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Fig.   io.  Case  III.  Chart   showins;   the  resuhs  in   a   case  of   toxic   adenoma. 
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Fig.  II.  Chart  of  the  resuhs  in  Case  IV. 
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reached  6i  kgm.,  the  pulse  rate,  70,  and  her 
metaboHsm  sHghtly  below  normal. 

This  case  was  probably  a  rather  long- 
standing toxic  adenomata.  Her  treatments 
were  given  at  a  16-inch  target  skin  distance, 
using  one  field  of  entry  covering  the  thymus 
and  thyroid  region,  supplemented  by  com- 
plete rest  for  the  first  two  months  and  par- 
tial rest  for  three  more. 

At  the  present  time,  this  patient  is  en- 
tirely free  from  the  toxic  symptoms.  The 
very  rapid  gain  in  weight,  with  low  metabol- 
ism, may  mean  the  beginning  of  hyperthy- 
roidism. I  believe  that  the  treatment  should 
have  been  stopped  sooner. 

Case  IV.  An  adenoma  of  long  duration  in 
a  woman,  aged  forty-one. 

When  the  patient  was  first  seen  in  April, 
1920,  toxic  symptoms  had  been  present  for 
only  a  few  weeks,  but  there  was  a  history  of 
enlargement  of  the  thyroid  for  twenty-four 
years.  She  had  had  some  medical  treatment. 
She  was  suffering  from  nervousness,  irrita- 
bility, occasional  attacks  of  diarrhea,  palpita- 
tion and  loss  of  weight.  Her  metabolism  was 
-{-54  per  cent,  her  pulse  rate  120,  and  weight 
49  kgm. 

X-ray  treatment  was  advised.  The  patient 
did  not  return  for  treatment,  however,  until 
the  following  November,  seven  months  after 
the  first  observation.  She  had  had  no  treat- 
ment during  that  time.  There  had  been  a 
slight  drop  in  the  pulse  rate  and  some  loss 
of  weight.  The  metabolism  was  -j-  64  per 
cent.  In  general,  her  condition  was  about  the 
same.  Between  November  and  January,  she 
received  four  .r-ray  treatments.  A  metabol- 
ism test  made  at  that  time  showed  59  per 
cent  above  normal.  Her  pulse  rate  and 
weight  were  practically  unchanged.  Three 
more  treatments  were  given,  and  a  metabol- 
ism observation  in  March  showed  a  very 
definite  drop  to  12  per  cent  above  normal. 
Her  weight  had  reached  52  kgm.  and  her 
pulse  rate  was  90.  The  last  observation  on 
this  patient  was  made  on  June  28,  1921.  She 
had  been  working  unusually  hard  during  the 
spring.  She  complained  of  occasional  attacks 
of  palpitation,  but  was  free  otherwise  from 
symptoms. 

This  case  is  of  interest  because  of  the 
rather  long  period  in  which  she  was  under 
obser^'ation  before  starting  treatment,  and 
the  absence  of  any  improvement  until  treat- 


ment was  given, — seven  months'  observation 
without  treatment  and  no  change  in  con- 
dition; four  months  under  treatment  and 
practically  complete  disappearance  of  symp- 
toms. 

Case  V.  Exophthalmic  goiter  (postop- 
erative) in  a  woman,  aged  forty- four.  The 
toxic  symptoms  were  of  eight  years'  dura- 
tion. In  1 91 3,  a  partial  thyroidectomy  was 
done. 

When  first  seen  in  December,  1920,  pa-  1 
tient  complained  of  nervousness,  irritability,  - 
dyspnea,  palpitation  and  loss  of  weight.  The 
heart  was  considerably  enlarged  and  edema 
of  the  feet  was  present.  There  w'as  well- 
marked  fullness  over  both  lobes  of  the  thy- 
roid, and  the  scar  of  the  old  operation  was 
present.  The  tumor  was  vascular  and  fairly 
soft.  Her  metabolism  was  +50  per  cent, 
pulse  rate  100,  and  weight  60  kgm.  She  was 
given  five  .r-ray  treatments  between  Decem- 
ber and  March,  at  which  time  a  second 
metabolism  test  was  made  and  the  rate  found 
to  be  normal.  There  had  been  a  slight  gain 
in  weight  and  a  slight  drop  in  pulse  rate.  In 
June,  1 92 1,  her  weight  had  reached  64  kgm., 
her  pulse  rate  had  dropped  to  72  and  her 
metabolism  remained  normal.  There  was  no 
marked  decrease  in  the  size  of  the  goiter,  but 
she  was  free  practically  from  symptoms  of 
hyperthyroidism,  and  her  cardiac  condition 
was  much  improved. 

This  case  represents  an  incomplete  surgi- 
cal cure,  of  long  duration,  with  a  badly  dam- 
aged heart.  Under  .r-ray  treatment,  the  cure 
was  completed  in  a  period  of  three  months. 

Case  VI.  A  rather  severe  acute  exoph- 
thalmic goiter  in  a  woman,  aged  thirty-two. 

When  patient  was  first  seen  in  April, 
1920,  she  was  suffering  from  nervousness, 
irritability,  sweating,  dyspnea,  palpitation, 
increased  appetite  and  loss  of  weight.  She 
was  also  emaciated.  There  was  a  moderate 
symmetrical  enlargement  of  the  thyroid.  Ex- 
ophthalmos was  present.  Her  metabolism 
was  +72  per  cent,  her  pulse  rate  120,  and 
her  weight  36  kgm. 

Rest  and  .r-ray  treatment  were  advised. 
The  patient  was  unable  to  carry  out  this  pro- 
gram, and  only  partial  rest  was  obtained. 
After  receiving  four  treatments,  her  metab- 
olism had  dropped  to  +35,  the  pulse  rate  to 
95  and  the  weight  had  increased  2  kgm. 
Treatments  were  continued,  four  more  be- 
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Fig.  13.    Chart  showing  the  result  in  Case  VI. 
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Fig.  14.  Chart  showing  the  course  of  the  disease  in  Case  VII. 
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ing  given.  In  December,  after  a  period  of 
seven  months,  she  had  received  eight  treat- 
ments. Her  metaboHsm  had  returned  to  60 
above  normal,  her  pulse  rate  was  over  100 
and  her  weight  had  dropped  to  54  kgm.  As 
she  was  not  doing  well,  she  was  seen  in  con- 
sultation, and  surgery  was  advised.  Ligation, 
followed  by  a  hemithyroidectomy,  was  done. 
She  was  seen  last  on  April  4,  1921,  at  which 
time  her  metabolism  had  dropped  to  normal. 
Her  pulse  rate  was  90  and  her  weight  58 
kgm. 

This  case  is  one  of  a  small  group  which 
has  failed  to  respond  to  .r-ray  treatment  in  a 
reasonable  length  of  time  and  in  which  we 
have  resorted  to  surgery.  A  comparison  of 
this  case  with  those  which  respond  well  does 
not  reveal  any  striking  difference  in  the 
symptoms  or  history  of  the  disease.  It  may 
be  that  the  failure  is  due  to  error  in  tech- 
nique. 

Case  VII.  An  early  typical  case  of  exoph- 
thalmic goiter  of  a  rather  mild  grade,  in  a 
woman,  aged  thirty-six. 

When  she  was  first  seen  in  April,  1920; 
she  had  had  toxic  symptoms  for  five  months, 
and  a  noticeable  goiter  for  six  months.  She 
complained  of  nervousness,  irritability,  pal- 
pitation, sweating  and  loss  of  weight.  The 
thyroid  was  soft,  symmetrical  and  slightly 
enlarged.  A  faint  bruit  was  present,  and  also 
considerable  exophthalmos.  Her  metabolism 
was  30  per  cent  above  normal,  the  pulse  rate, 
no,  and  her  weight,  65  kgm. 

X-ray  treatment  was  advised.  There  was 
no  change  in  the  patient's  mode  of  living.. 
Treatment  was  given  at  an  8-inch  distance, 
using  three  portals  of  entry.  By  this  time  her 
metabolism  had  dropped  to  10  per  cent  below 
normal,  her  pulse  rate  was  70,  and  her 
weight  had  reached  69  kgm.  She  showed 
definite  signs  of  hyperthyroidism.  X-ray 
treatment  was  stopped,  and  she  was  placed 
on  thyroid  extract.  In  November,  her  metab- 
olism was  still  slightly  below  normal.  The 
thyroid  extract  was  continued  until  March, 
192 1.  From  an  observation  made  the  follow- 
ing June,  three  months  after  discontinuing 
the  thyroid  tablets,  her  weight  was  64  kgm. 
pulse  rate,  70,  and  metabolism  slightly  be- 
low normal.  At  this  time,  she  showed  practi- 
cally no  signs  of  myxedoma  or  of  hyperthy- 
roidism. This  patient  received  only  four 
treatments  given  in  the  routine  manner,  in 


a  period  of  less  than  four  months,  and 
changed  from  a  state  of  mild  hyperthyroid- 
ism to  mild  myxedema.  This  condition  was 
apparently  temporary,  however,  as  she  is 
now  getting  along  very  well  without  thyroid 
extract. 

This  case  is  especially  interesting,  as  it 
seems  to  show  that  the  .r-ray  may  bring 
about  a  temporary  inhibition  of  thyroid 
function. 

Case  VIII.  A  moderately  severe  case  of 
hyperthyroidism,  apparently  adenomatous, 
in  a  woman,  aged  thirty-eight.  The  goiter 
and  toxic  symptoms  were  of  one  year's 
duration. 

When  the  patient  was  first  seen  in  Oc- 
tober, 1 91 9,  she  complained  of  nervousness, 
irritability,  dyspnea  and  loss  of  weight.  The 
goiter  was  small  and  firm,  with  a  loud  bruit. 
There  was  no  exopthalmos.  Her  metabolism 
was  50  per  cent  above  normal,  her  pulse  rate 
115,  and  her  weight  39  kilograms. 

She  was  started  on  ;r-ray  treatment  and  no 
change  was  made  in  her  manner  of  living. 
After  three  treatments  were  given,  there  was 
a  slight  gain  in  weight  and  a  drop  in  the 
pulse  rate.  No  definite  change  in  the  metab- 
olism rate  was  noted,  however,  but,  after  six 
treatments,  covering  a  period  of  four 
months,  her  metabolism  dropped  to  8  per 
cent  above  normal,  her  pulse  rate  to  90,  and 
her  weight  had  reached  49  kgm.  One  more 
treatment  was  given  and  she  was  requested 
to  return  for  observation  in  six  months.  This 
observation  was  made  in  September,  1920, 
at  which  time  her  weight,  pulse  rate  and 
metabolism  were  practically  normal.  She 
was  seen  again  in  Febraury,  1921,  and  all 
the  findings  were  approximately  the  same, 
but  in  July,  1921,  when  she  reappeared  for 
examination,  her  metabolism  had  dropped 
well  below  normal,  her  pulse  rate  was  only 
50  and  her  weight  unchanged.  Her  skin  was 
dry  and  she  showed  definite  signs  of 
myxedema. 

The  interesting  feature  in  this  case  is  the 
development  of  myxedema  nearly  two  years 
after  the  last  ;ir-ray  treatment,  and  after  the 
patient  had  been  well  for  a  period  of  over 
one  year.  It  is  possible  that  the  results  in 
this  case  are  due  to  the  development  and  con- 
traction of  fibrous  tissue  causing  interfer- 
ence with  the  function  of  gland,  or  she  may 
be  one  of  those  cases  of  hyperthyroidism 
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Fig.  15.  Chart  showing  the  course  of  the  disease  in  Case  VIII. 


which  develop  late  myxedema  regardless  of 
treatment. 

TECHNIQUE 

In  the  light  of  our  present  knowledge,  it 
is  fair  to  assume  that  the  following  physio- 
logical and  histological  processes  take  place 
when  the  thyroid  gland  is  subject  to 
radiation. 

The  function  of  the  cells  composing  the 
glandular  structures  is  inhibited.  As  the  dose 
is  increased  these  cells  atrophy  and  disap- 
pear, to  be  replaced  by  connective  tissue,  and, 
after  a  lapse  of  considerable  time,  where 
heavy  raying  has  been  given,  it  is  possible 
that  the  contraction  of  this  new  fibrous  tis- 
sue may  interfere  with  the  blood  supply  to 
such  an  extent  as  further  to  inhibit  glandu- 
lar function.  The  dose,  therefore,  should  be 
adapted  to  the  type  of  case  under  treatment, 
and  must  of  necessity,  be  within  the  limits 
of  skin  tolerance.  In  mild  cases,  with  little 
or  no  thyroid  enlargement,  a  dose  sufficient 
to  inhibit  glandular  function  repeated  at  in- 
tervals may  be  all  that  is  required  to  bring 
about  a  cure.  In  more  severe  cases,  with 
larger  glands,  heavier  radiation  (given  at 
more  frequent  intervals  so  that  there  will  be 
not  only  inhibition  but  cell  atrophy)  is  prob- 


ably necessary.  In  these  cases,  however,  the 
dose  should  not  be  too  large,  nor  the  treat- 
ment too  prolonged,  otherwise  the  destruc- 
tion of  the  gland,  or  the  late  results  of  con- 
nective tissue  contraction,  may  be  so  great 
as  to  bring  about  a  complete  loss  of  function, 
with  resulting  myxedema.  In  very  severe 
cases,  it  may  be  justifiable  to  give  as  large  a 
dose  as  the  skin  will  tolerate,  even  producing 
a  slight  erythema,  and  not  guarding  particu- 
larly against  the  complete  destruction  of  the 
gland. 

As  already  stated,  the  dosage  will  vary 
with  the  type  of  case.  We  have  employed  a 
4  mm.  aluminum  filter  with  8  inch  parallel 
spark  gap  between  points.  An  8  inch  target 
skin  distance  was  used  in  our  early  cases. 
Lately  we  have  used  a  10  inch,  and,  in  some 
cases,  a  16  inch  distance.  In  this  way,  the 
amount  of  radiation  reaching  the  gland  in 
proportion  to  that  received  by  the  skin  is  in- 
creased. In  most  of  the  cases,  three  exposure 
areas  have  been  used,  one  on  each  side  of  the 
neck,  and  one  over  the  thymus  region.  In 
some  cases,  where  a  16  inch  distance  was 
used,  we  have  given  one  single  exposure  in 
front  over  the  midline  including  the  entire 
thyroid  and  upper  thymus  region. 

In  a  small  group  of  cases,  five  areas  of  ex- 


740 


Observations  on  the  Treatment  of  Hyperthyroidism  with  X-Rays 


posure  were  used,  one  over  each  side  of  the 
neck,  one  over  the  thymus  region  and  two 
over  the  back  of  the  neck.  No  definite  ad- 
vantage was  noted  in  this  method  of  expos- 
ure. The  time  interval  between  treatments 
has  been  usually  three  weeks.  In  some  we 
have  shortened  it  to  two  weeks.  I  believe  that 
it  is  a  safer  procedure  when  one  wants  to 
get  the  maximum  effect,  short  of  an  ery- 
thema, to  diminish  the  time,  rather  than  to 
increase  the  dosage. 

Basal  metabolism  tests  are  done  frequently 
during  the  early  part  of  the  treatment,  and, 
as  improvement  takes  place,  less  frequent  ob- 
servations are  made.  The  findings  are  re- 
corded on  a  chart  along  with  a  record  of  the 
pulse  rate  and  weight.  This  chart  occupies 
the  same  relation  to  the  treatment  of  hyper- 
thyroidism as  the  temperature  chart  in  the 
treatment  of  fevers.  When  the  basal  metabo- 
lism reaches  normal,  treatment  is  stopped, 
and  sooner,  if  the  drop  has  been  rapid. 

RESULTS  TO  BE  EXPECTED  IN  THE 
TREATMENT 

In  cases  which  respond  favorably  to  treat- 
ment, an  improvement  in  the  nervous  symp- 
toms is  usually  noted  at  the  end  of  the  first 
three  weeks'  interval.  At  the  end  of  six 
weeks  there  should  be  a  definite  drop  in  the 
pulse  rate  and  in  the  metabolism,  but  in 
many  cases  the  response  is  more  gradual. 
The  metabolism  and  the  pulse  rate  usually  re- 
turn to  normal  after  six  or  seven  treatments 
have  been  given,  and  in  a  period  of  from 
four  to  six  months.  There  is  usually  a  grad- 
ual increase  in  weight,  the  goiter  disappears, 
and  the  exophthalmos,  when  present,  is  re- 
lieved and  may  disappear  entirely.  Fre- 
quently a  severe  toxic  case  Is  able  to  return 


to  work  after  the  third  treatment  and  from 
that  time  on,  his  treatment  need  not  inter- 
fere greatly  with  his  routine  life.  In  cases 
which  are  more  stubborn,  rest  should  be  in- 
sisted upon,  or  surgery  resorted  to  after  the 
fourth  or  fifth  treatment.  It  is  not  desirable 
to  prolong  the  treatment  in  cases  which  are 
not  responding  well,  as  the  operation  will 
be  made  more  difiicult.  Four  or  five  treat- 
ments given  within  a  period  of  six  months 
have  not  in  our  experience  done  this.  On  the 
other  hand,  cases  which  have  received  a 
larger  number  of  treatments  over  periods  of 
from  one  to  two  years  have  been  distinctly 
more  difficult  at  operation.  There  is,  of 
course,  a  definite  possibility  of  damage  to  the 
skin,  such  as  atrophy  and  telangiectasia. 
These  results  apparently  can  be  avoided  by 
keeping  well  below  the  erythema  dose.  When 
they  happen,  they  are  more  disfiguring  than 
the  usual  surgical  scar.  The  longer  time  re- 
quired to  bring  about  a  disappearance  of  tlie 
toxic  symptoms  by  .ir-rays  may  be  used  as  an 
argument  in  favor  of  surgery.  This  in- 
creased interval  may  increase  the  damage  al- 
ready done  to  the  heart.  On  the  other  hand, 
one  may  argue  that  the  amount  of  damage 
caused  by  the  stress  of  operation  would  be 
more  than  that  likely  to  take  place  in  an  in- 
terval of  three  or  four  months  during  which 
there  was  a  steady  drop  in  the  amount  of 
toxemias  present.  Myxodema  may  be 
brought  about  by  too  heavy  or  too  prolonged 
radiation.  It  is  also  possible  that  this  condi- 
tion may  develop  several  years  after  radia- 
tion as  the  result  of  contracting  connective 
tissue.  Any  observation  along  this  line,  must 
of  course,  be  indefinite,  because  of  the  fact 
that  cases  of  hyperthyroidism  frequently  be- 
come myxedematous  under  all  forms  of 
treatment,  and  even  when  no  treatment  is 
ffiven. 


INTENSIVE  X-RAY  THERAPY  AS  SEEN  PRACTICED  IN 
THE  CLINICS  IN  EUROPE* 

By  SAMUEL  STERN,  M.D. 
Radiotherapist  to  Mount  Sinai  Hospital. 

NEW  YORK  CITY 


THE  subject  of  intensive  roentgenother- 
apy as  practiced  in  Germany  and  in 
other  foreign  countries  at  present,  has  been 
the  source  of  a  great  deal  of  interest  to  the 
American  roentgenologist.  Having  returned 
but  recently  from  a  visit  to  the  various 
clinics  in  Germany,  I  thought  a  resume  of 
my  impressions  might  be  of  value  in  helping 
to  clear  the  atmosphere  of  some  of  the  con- 
fusion in  which  this  subject  seems  to  be  en- 
veloped at  present.  I  have  found  that  there 
seems  to  be  a  unanimity  of  opinion  on  but 
two  of  the  essentials  in  carrying  out  inten- 
sive .r-ray  therapy : 

1.  The  necessity  of  having  apparatus  that 
is  able  to  deliver  at  least  200,000  volts. 

2.  The  essential  employment  of  heavy 
filters. 

On  all  other,  even  the  most  important  and 
vital  questions  of  technique,  there  is  the 
greatest  divergence  of  opinion.  Each  man 
firmly  believes  that  his  method  is  superior  to 
the  others,  and  can  usually  give  an  appar- 
ently logical  reason  for  this  belief.  I  think 
this  clearly  shows  that  the  really  essential 
factors  are  the  deliverance  of  heavily  fil- 
tered, highly  penetrating  rays  to  the  parts 
treated,  and  that  all  the  other  details  on 
which  we  lay  so  much  stress  are  of  secondary 
consideration.  The  technique  briefly  de- 
scribed, as  I  have  seen  it  used  at  the  various 
clinics,  is  as  follows. 

FRANKFORT  FRAUEN  CLINIC 

(Profs.  Opitz  and  Walter  Friedrich) 

Sice  of 

Distance         fields            Time      Filter  S.  G.      ma. 

50  cm.        25x25     6   to         I  C.  38         2^'2 

7  hrs.      mm.  cm. 

Maminary  carcinoma,  i  large  field. 

Uterine  Carcinoma.  2  fields,  front  and 
back. 

*Read  at  the  Twenty-Second  Annual  Meeting  of  The  American 


The  treatment  is  not  repeated,  surely  not 
within  six  months  of  its  administration. 


Myoma 

Sice  of 

Distance         fields             Time      Filter 

5-.  G. 

ma. 

30  cm.     16  X  16     4  to       I   c. 

38 

2 

with  com-                  5  hrs.  mm. 

pression 

In  large  myomas,  the  distance  used  is  50 
cm.  and  the  rest  of  the  formula  is  similar  to 
that  of  carcinoma,  except  the  time  is  shorter. 
The  method  of  measuring  is  with  a  speciallv 
devised  iontoquantimeter  perfected  by  Pro- 
fessor Friedrich.  This  instrument  enables 
him  to  measure  the  exact  dosage  admin- 
istered, irrespective  of  filter,  penetration,  dis- 
tance or  any  other  detail. 

One  hundred  and  seventy  electrostatic 
skin  units  make  an  erythema  dose.  This  can 
be  kept  track  of  without  stopping  the  appara- 
tus even  for  an  instant,  and  when  this  num- 
ber is  reached,  he  feels  certain  that  the  pa- 
tient has  received  the  exact  dosage  intended 
to  be  given.  He  has  been  using  this  appara- 
tus for  the  past  two  years,  and  claims  that  it 
is  absolutely  reliable  and  can  always  be  de- 
pended upon.  He  considers  that  the  question 
of  ;r-ray  measurement  is  solved.  I  found  him 
to  be  one  of  the  most  brilliant  physicists  I 
have  met,  and  I  feel  that  we  cannot  lay  too 
much  stress  upon  any  statement  that  he  may 
make.  The  apparatus,  very  superficially  de- 
scribed, consists  of  a  small  (i  c.  cm.  capac- 
ity) ionization  chamber  made  of  aluminum, 
which  is  connected  with  a  rubber  tubing  to  a 
large  ionization  chamber  fitted  with  a  gold 
leaf  electroscope.  This  is  charged,  and  as  the 
rays  strike  the  small  ionization  chamber,  it 
is  gradually  discharged  and  the  time  care- 
fully noted.  Each  apparatus  is  tested  to  de- 
termine how  many  electrostatic  units  each 
discharge  represents.  These  are  carefuUv 
added  up,  and,  when  the  required  total  is 
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reached,  treatment  is  stopped.  There  are 
some  inaccuracies  due  to  the  self  discharge 
of  the  electroscopes,  which  must  be  taken 
care  of.  This  is  done  by  charging  the  electro- 
scope to  6  and  then  waiting  to  see  how  much 
it  will  discharge  of  its  own  accord,  during 
the  time  that  it  took  for  one  complete  dis- 
charge with  the  ray  in  operation.  We  now 
determine  how  long  it  takes  to  discharge 
this  number  of  units  with  the  ray,  and  then 
multiply  this  time  with  the  number  of  times 
the  electroscope  has  been  discharged  during 
the  treatment.  This  amount  of  ray  is  added 
to  complete  the  dosage.  All  this  sounds 
rather  complicated,  but  is  really  very  simple. 
The  small  ionization  chamber  can  be  left  on 
the  skin  during  this  treatment  to  measure 
skin  dosage,  or  it  can  be  inserted  into  the 
rectum  or  vagina,  to  measure  depth  dosage. 
The  carcinoma  dose  as  measured  in  the  va- 
gina is  152  electrostatic  units.  The  myoma 
dose  is  100  to  120  skin  units  to  each  field,  or 
80  units  measured  in  the  vagina.  In  making 
measurements  in  the  vagina,  a  permanent 
horse  hoof  catheter  is  kept  in  the  bladder  to 
keep  this  organ  empty. 

FREIBURG  DEPARTMENT  OF  INTERNAL 
MEDICINE 

(Profs.  De  la  Camp  and  Kupferle) 
Adalignancy 

Sice  of 
Distance         fields  Time      Filter     S.  G.      ma. 

30  cm.     10x10     I  hr.      i><c.      180       2 

mm.    to  200 
kv. 
This  dose  is  administered  every  eight  days 
until  the  patient  has  had  four  treatments; 
then  it  is  repeated  in  six  to  eight  weeks. 

Tuberculosis  of  the  Lungs.  Cases  must  be 
selected  very  carefully.  No  tertiary  cases  are 
treated.  The  affected  area  is  divided  into 
three  fields;  anterior,  lateral  and  posterior. 
Each  field  is  treated  as  follows : 

Size  of 
Distance         fields  Time      Filter     S.  G.      ma. 

30  cm.      Small     8  to       i  c.      170        2 
10  m.       mm.      kv. 

Treatments  are  given  every  eight  days 
until  each  field  receives  three  treatments, 
then  they  are  discontinued  for  many  months. 


The  treatment  of  tuberculous  adenitis  is 
the  same  as  above,  except  that  the  time  is 
fifteen  minutes.  It  is  repeated  every  eight 
days  or  two  weeks. 

Basedow's  Disease.  The  thyroid  and  thy- 
mus region  is  divided  into  four  fields,  two 
supra-  and  two  infraclavicular.  One  field  is 
treated  twice  a  week,  so  that  each  field  re- 
ceives a  treatment  every  two  weeks.  The 
technique  used  is  the  same  as  that  in  tubercu- 
losis, except  that  the  time  is  from  twenty- 
five  to  thirty  minutes.  The  series  is  repeated 
three  or  four  times,  followed  by  a  long  wait. 

FREIBURG   SURGICAL  CLINIC 

(Prof.  Lexar  and  Dr.  Kohler) 
Malignancy 

Size  of 
Distance         fields  Time      Filter     S.  G.      ma. 

50  cm.     Large      3  hrs.  0.75       200       2 

zinc 

The  dose  is  repeated  every  four  weeks 
until  the  patient  has  had  four  or  five  treat- 
ments. 

Fractures.  For  the  past  year  and  a  half 
they  have  been  treating  fresh  fractures,  with 
so-called  irritating  doses,  with  most  satis- 
factory results.  They  have  succeeded  in  re- 
ducing the  healing  time  to  about  one  half. 
Usually  only  one  treatment  is  given,  as 
shortly  as  possible  after  the  fracture  has 
been  set.  The  dose  given  is  about  i  /  10  of 
an  ervthema  dose. 


Distance 
30   cm. 


Time 
10  m. 


Filter 


I/, 


s  c.  mm. 


S.  G. 

180  kv 


ma. 
2 


In  small  bones  only  one  field  is  treated, 
larger  bones  are  treated  anteriorly  and  pos- 
teriorly, but  with  reduced  time. 

Tuberculous  bones  and  joints  are  treated 
once  in  three  weeks,  with  even  smaller  irrita- 
ting doses — I  /  20  to  1/30  of  an  erythema 
dose,  that  is,  about  one  to  four  minutes,  us- 
ing the  above  formula. 

To  take  advantage  of  the  use*  of  scattered 
rays,  in  the  treatment  of  small  bones,  the 
field  is  enlarged  by  wrapping  them  in  wet 
towels. 

Late  Rachitis.  They  found  marked  benefit 
in  the  treatment  of  these  cases  by  exposing 
both  temporal  regions.  Two  treatments  are 
given  at  four  to  six  week  intervals,  using 
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about  1/3  of  an  erythema  dose,  with  0.5 
zinc  filter. 

Prophylactic  Treatments.  These  are  given 
very  much  like  the  treatments  for  existing 
malignancy — every  four  weeks  until  five 
treatments  are  given  in  succession,  then  dis- 
continued for  six  months,  after  which  period 
three  more  treatments  are  given. 

To  avoid  constitutional  disturbances,  dur- 
ing and  following  the  treatments,  they  are 
using  Uzara  tablets  with  very  satisfactory 
results.  Two  tablets  are  given  about  half  an 
hour  before  the  treatments.  This  dose  may 
be  repeated  at  any  time  as  the  drug  is  quite 
harmless. 

FRANKFORT  FRAUEN  CLINIC 

(Prof.  Seitz.) 

Mammary  Carcinoma.  The  affected  side  is 
divided  into  three  fields:  a  large  field  at  a 
distance  of  80  to  90  cm.,  taking  in  the  en- 
tire breast  region;  a  small  field  at  30  cm. 
distance  over  the  supraclavicular  space,  and 
another  small  field  at  30  cm.  distance  over 
the  axilla.  A  full  erythema  dose  is  given  to 
each  field,  using  a  0.5  zinc  filter  and  a  40  cm. 
spark  gap.  This  is  repeated  in  six  weeks  and 
again  eight  weeks  later,  if  necessary. 

Uterine  carcinoma.  These  are  treated  in 
three  series:  Series  I.  Three  fields  in  front 
and  three  fields  in  back  at  23  cm.  distance 
with  compression,  and  one  field  over  the 
vulva  without  the  use  of  a  speculum.  Series 
II  is  given  six  weeks  later  over  the  affected 
uterine  region,  three  fields  in  front  and  three 
fields  in  back.  Series  III  is  given  eight  weeks 
later  over  the  parametrium.  They  also  use 
100  mgm.  of  radium  with  a  0.5  Cu  filter, 
left  in  place  from  eighteen  to  twenty-four 
hours. 

Myomas.  These  are  treated  through  four 
fields:  anterior,  right  and  left  at  23  cm.  dis- 
tance with  compression,  and  the  same  pos- 
teriorly. They  use  0.5  zinc  filter,  40  cm. 
spark  gap,  and  2.2  ma.  Under  these  con- 
ditions an  erythema  dose  is  given  in  about 
thirty-eight  minutes,  depending  on  the  tube 
used.  In  large  myomas,  a  fifth  field  is  taken 
from  above  anteriorly. 

They  find  that  measured  at  10  cm.  depth, 
the  ovarian  dose  is  30  to  40  per  cent;  the 
sarcoma  dose  is  60  to  70  per  cent ;  and  the 
carcinoma  dose  is  1 10  to  120  per  cent. 


In  Frankfort  I  also  visited  the  institute  in 
charge  of  Prof.  Friederich  Dessauer.  Here 
they  have  been  doing  some  extremely  valu- 
able work  in  connection  with  the  physics  of 
T-ray  therapy.  Some  of  his  work  is  of  great 
value  in  determining  the  amount  of  dosage 
necessary  in  deep  x-Ta.y  applications.  After 
two  years  of  experimenting,  Prof.  Dessauer 
has  completed  a  set  of  charts,  showing  ray 
absorption  at  different  depths,  applied  with 
filters  of  various  thickness,  at  different  dis- 
tances, with  the  tube  charged  with  varying 
kilovoltage.  By  taking  measurements  of  the 
distance  at  which  the  affected  parts  are  sit- 
uated, and  transferring  these  measurements 
to  these  charts,  one  can  readily  work  out  the 
necessary  dosage  that  must  be  applied  to 
each  area  to  give  the  required  depth  dose. 
These  charts  show  conclusively  what  an  im- 
portant role  the  scattered  rays  play  in  .r-ray 
application.  I  do  not  think  we  ever  realized 
how  muth  ray  the  protected  parts  received, 
a  great  deal  more  than  we  ever  suspected. 

At  the  clinic  of  Prof.  Wintz  at  Erlangen, 
for  carcinoma  of  the  uterus  they  use  four 
fields  from  the  front,  6x8,  and  three  fields 
from  the  back,  distance  23  cm.  with  compres- 
sion, filter  0.5  Cu  with  the  Suderohre  and  0.5 
Cu  -f"  4  mm.  aluminum  with  the  Cool- 
idge  tube,  spark  gap  40  cm.  and  2  ma.  Ex- 
posure varies  from  thirty-eight  to  forty-five 
minutes.  Six  weeks  later  they  treat  three 
fields  in  front  and  three  fields  in  back  over 
the  affected  parametrium.  Eight  weeks  later 
the  same  treatment  is  given  over  the  other 
parametrium.  They  reckon  on  getting  about 
18  per  cent  at  a  depth  of  10  cm.  Instead  of 
radium  locally,  they  use  a  0.5  solution  of  Cu 
selenium  applied  with  the  galvanic  current  in 
the  form  of  cataphoresis.  When  patients  re- 
ceive a  full  erythema  dose  they  always  have 
a  slight  erythema  the  day  following  the  treat- 
ment. Three  or  four  days  later  the  small 
hair  papillae  become  raised  and  more  red- 
dened, a  condition  they  call  erythema  papil- 
laries.  This  they  claim  is  constant.  Five  or 
six  weeks  later  this  is  followed  by  an  even 
pigmentation. 

About  the  third  or  fourth  week  after  the 
treatment  the  patient  is  usually  given  intra- 
venously I  c.  cm.  of  serum  and  20  c.  cm.  of 
normal  saline  solution. 

Mycyna.  Small  myomas  are  treated 
through  two  fields  in  front  and  two  fields  in 
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back  at  23  cm.  with  compression.  Large  my- 
omas  receive  four  fields  in*  front,  two  lower, 
8  X  8  at  23  cm.  and  two  upper  10  x  15,  at  30 
cm.  distance,  the  same  posteriorly. 

Sarcoma  of  the  Uterus.  In  their  opinion, 
no  sarcoma  of  any  kind  should  ever  be  oper- 
ated on.  The  results  are  good,  providing 
there  has  been  no  surgical  interference.  They 
put  the  sarcoma  dose  at  80  per  cent.  The 
technique  is  the  same  as  that  for  carcinoma. 

Rectal  carcinoinas  are  divided  into  three 
classes: 

1.  Those  that  are  situated  8  to  10  cm.  dis- 
tance up  the  rectum.  They  are  the  most 
favorable  and  are  treated  the  same  as  car- 
cinoma of  the  uterus. 

2.  Those  that  are  situated  3  to  8  cm.  up 
the  rectum.  The  results  are  not  so  good,  as 
it  is  very  difficult  to  get  the  required  per- 
centage of  depth  dose  to  the  lesion.  They  are 
treated  through  four  fields. 

3.  Those  situated  at  the  anus.  Prognosis 
in  these  cases  is  very  bad.  They  are  treated 
through  one  large  field  at  a  distance  of  one 
meter,  two  ingunial  fields,  and  two  additional 
fields  from  above,  directing  the  ray  down- 
wards. 

Carcinoma  of  the  Vulva.  This  is  treated  at 
I  meter  distance  to  the  lesion  and  two  in- 
guinal fields  at  30  cm. 

Carcinoma  of  the  Bladder.  The  bladder  is 
filled  with  normal  saline  solution  and  small 
fields,  from  right  and  left  at  23  cm.  with 
compression,  are  used.  Then  the  bladder  is 
emptied  and  one  large  field  in  the  center  at 
70  cm.  is  exposed.  This  is  repeated  after  six 
weeks  and  again  eight  weeks  later. 

I  am  not  going  into  any  details  about  the 
treatment  of  non-malignant  conditions  at 
this  clinic.  The  technique  is  very  similar,  ex- 
cept that  not  more  than  2^5  of  an  erjlhema 
dose  is  given. 

At  the  Cancer  Research  Institute  at  Ber- 
lin, Prof.  Blumenthal  and  Dr.  Halberstadt, 
to  supplement  the  effect  of  .^-rays,  inject  in- 
travenously an  iodine  preparation  known  as 
Alival.  In  treating  mammary  carcinoma  they 
make  it  a  rule  to  accept  no  cachetic  patients, 
nor  those  with  pleural  or  thoracic  involve- 
ment. They  take  three  fields,  if  possible,  8  x 
10,  otherwise  one  large  field  from  the  front, 
three  fields  for  the  axilla,  and  the  supra- 
clavicular space  front  and  back.  They  use  a 
distance  of  30  cm.,  0.5  Cu  filter,  180  kv.,  and 


2^  ma.,  and  the  time  required  is  approx- 
imately fifty  minutes.  They  expect  to  get  a 
decided  erythema  each  time.  Treatment  is  re- 
peated four  weeks  after  the  reaction  has  dis- 
appeared. In  cases  where  the  arm  cannot  be 
raised  to  apply  the  ray  properly,  they  insert 
radium  into  the  axilla. 

At   the    Frauen    Clinic   in    Berlin,    Prof. 
Bumm  and  Prof.  Warnekros  use  large  fields.      1 
In  uterine  carcinoma  they  take  a  far  field     ^ 
from  the  front  and  back,  and  smaller  nearer 
fields  from  the  sides. 

At  the  clinic  of  Prof.  Franz,  the  treatment 
used  is  very  similar. 

In  the  technique  used  at  the  various 
clinics,  you  can  readily  see  that  there  is  the 
greatest  divergence  of  opinion  even  as  to  the 
most  important  details.  One  insists  on  large 
and  far  fields,  to  get  the  benefit  of  a  larger 
proportion  of  depth  dose  and  greater  amount 
of  scattered  rays.  The  other  prefers  con- 
centration with  compression  to  get  nearer 
to  the  lesion.  The  filters  vary  from  3^  to  1 3^ 
mm.  Cu  or  zinc.  Some  insist  on  the  import- 
ance of  applying  the  entire  carcinoma  dose 
within  twenty-four  or  forty-eight  hours; 
others  divide  it  over  a  period  of  one  week. 
Still  others  divide  it  into  four  weekly  doses. 
The  ideas  as  to  what  constitutes  an  erythema 
dose  differ  widely.  Some  are  satisfied  with 
the  slightest  erythema;  others  insist  on  a 
very  decided  reaction.  But  the  most  serious 
and  almost  irreconcilable  difference  of  opin- 
ion exists  upon  the  question  as  to  when  an 
erythema  dose  may  be  repeated.  Some  clinics 
say  surely  not  within  six  months ;  others  re- 
peat it  in  six  weeks,  and  again  at  eight 
weeks,  and  one  clinic  applies  an  erythema 
dose  every  month  for  four  or  five  successive 
months.  This  seems  almost  impossible,  but 
the  man  who  is  doing  it  assured  me  that,  in 
his  opinion,  it  is  a  perfectly  safe  and  neces- 
sary thing  to  do.  All  this  leaves  us  very  much 
confused  as  to  what  is  really  the  best  tech- 
nique to  follow.  Some  of  the  questions  de- 
cide themselves.  For  instance,  I  cannot  im- 
agine that  any  of  us  would  attempt  to  treat 
a  patient  for  seven  hours  a  day,  for  two  or 
more  successive  days.  Nor  can  I  imagine  the 
patient  here  who  would  submit  to  it.  This 
decides  the  question  of  divided  doses,  and 
also  that  of  filters,  as  it  pretty  well  excludes 
the  use  of  i^  mm.  Cu  filters.  As  to  the 
dosage,  I  think  this  should  depend  to  a  large 


A'-Rav  Therapy  as  seen  Practiced  in  the  Clinics  in  Europe 


745 


extent  upon  the  inch^■icklal  case.  We  are 
justified  in  taking  greater  chances  in  cases 
that  are  apparently  hopeless,  and  where  only 
the  most  radical  treatment  may  prove  of 
value.  As  regards  the  time  when  an  erythema 
dose  may  be  repeated,  I  think  this  lies  some- 
where between  the  two  extremes.  I  would 
very  much  hesitate  to  give  four  or  five  erv- 
thema  doses  at  monthly  intervals,  nor  would 
I  think  it  essential  to  wait  six  months  before 
repeating  it,  in  case  it  seemed  necessary. 

As  to  the  choice  of  cases,  in  most  of  the 
clinics  1  visited,  I  found  that  they  have  prac- 
tically discontinued  operating  on  all  cases  of 
carcinoma  of  the  breast  and  the  uterus.  They 
claim  that  the  results  with  radiation  alone 
are  far  superior,  that  they  get  approximately 
85  per  cent  of  cures,  incluchng  all  variety  of 
cases  taken  at  random. 

These  two  classes  really  make  up  the 
largest  proportion  of  cases  to  which  the 
treatment  is  best  adapted.  In  malignant 
growths  involving  other  organs  the  results 
are  not  as  satisfactory.  They  are  all  very 
emphatic  on  the  importance  of  never  treat- 
ing any  type  of  sarcoma  surgically,  as  the 
chances  of  metastasis  are  very  much  in- 
creased by  any  surgical  interference.  The 
non-operated  cases  usually  do  very  well. 

As  to  benign  conditions,  I  almost  think 
that  we  can  do  just  as  well  with  our  present 
technicjue.  For  instance,  the  patients  treated 
for  a  myoma  usually  menstruate  once,  twice, 
or  even  three  times  after  the  treatment.  With 
our  present  technic^ue,  giving  them  one  treat- 
ment a  week  for  five  or  six  weeks,  they 
rarely  menstruate  more  than  once.  The  con- 
stitutional disturbances  are  decidedly  less 
severe,  and  the  treatment  nowhere  near  as 
trying  to  the  patient.  The  treatment  may  do 
well  for  out  of  town  patients,  where  time  is 
an  important  element  to  consider.  Some  of 
the  treatments  thev  are  using  I  should  be 
afraid  to  try.  For  instance,  in  leukemia, 
some  clinics  take  a  large  field  including  most 
of  the  spleen,  and  give  them  40  per  cent  of 
an  erythema  dose  at  one  treatment.  I  have 
seen  very  marked  toxic  symptoms  following 
considerably  less  ray  than  this.  In  the  .I'-ray 
treatment  of  skin  diseases  I  think  we  do  at 
least  as  well.  I  saw  them  epilate  the  beard  of 
a  patient  with  a  sycosis  which  took  fifty  min- 
utes. This  epilation  here  is  usually  done  in 
eight  or  nine  minutes. 


I  am  not  going  into  the  question  of  appar- 
atus, but  I  do  want  to  sa}-  a  few  words  about 
the  tubes  used,  as  this  has  a  most  im- 
portant relation  to  the  technifjue  to  be 
adopted.  At  present  they  are  all  working 
with  either  the  Suderohre,  or  the  Coolidge 
type  of  tube,  with  an  occasional  Lilienfeld 
tube  here  and  there.  None  of  them  will 
stand  more  than  zYz  ma.  at  200  kv.,  and  are 
rarely  pushed  to  more  than  2-2  ma.  For  the 
past  two  months  they  have  Ijeen  making 
tubes  of  the  Coolidge  type  that  will  stand  a 
current  of  4  ma.  But  these  tubes  have  not 
been  properly  tested  out  yet  as  regards  their 
durability.  Dr.  Coolidge  here  has  perfected 
a  tube  that  will  carry  8  ma.  at  200  kv.  If 
this  tube  will  stand  the  test  of  time,  I  con- 
sider it  one  of  the  most  important  advances 
made  in  this  field,  and  it  will  put  us  de- 
cidedly ahead  as  far  as  tubes  are  concerned. 
The  time  mentioned,  as  required  for  an  ery- 
thema dose  at  the  different  clinics,  was  based 
upon  the  use  of  tubes  carr}-ing  about  2  ma. 
With  a  tube  able  to  stand  8  ma.  we  can  cut 
the  necessary  time  to  one-quarter.  This  per- 
mits us  to  choose  any  one  of  the  techniques 
described. 

As  regards  the  future  of  this  "intensive 
therapy"  I  do  not  think  there  is  the  slightest 
doubt  that  it  has  come  to  staA'.  It  is  not  a 
fad  but  is  founded  on  carefullv  worked 
out  scientfic  bases.  In  fact,  I  feel  quite 
certain  that  in  time  they  will  be  using  cur- 
rents of  even  higher  intensity.  In  a  number 
of  clinics  they  are  even  now  installing  ma- 
chines that  are  capable  of  delivering  up  to 
300  kv.  and  are  merely  waiting  for  tubes 
that  will  stand  up  under  this  currrent  to  be- 
gin using  them.  There  is  no  doubt  that 
in  some  cases  of  malignancy  it  shows  re- 
sults that  with  our  present  technique  are 
impossible.  For  instance,  I  saw  a  patient 
in  Berlin  at  the  clinic  of  Prof.  Warnekros 
who  was  treated  four  years  previously 
for  an  inoperable  carcinoma  of  the  uterus, 
involving  the  fundus,  both  parametrium, 
with  deep  seated  pelvic  and  inguinal  glands. 
On  examination  I  found  the  uterus  freely 
movable,  with  no  sign  of  any  thickening 
in  any  part  of  the  pelvis  that  I  could  find. 
She  had  gained  50  lbs.  since  the  treatment, 
and  looked  the  picture  of  health,  a  result 
that  with  our-  present  technique  seems  too 
good  to  hope  for. 
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N  reviewing  our  work  of  the  past  few 
years  in  rectal  cancer  it  would  be  useless 
to  attempt  a  statistical  report,  for  various 
reasons.  Most  of  the  cases  treated  have  been 
far  advanced  in  the  course  of  the  disease 
and,  while  valuable  information  has  been  ob- 
tained from  the  radium  standpoint,  the  most 
that  could  be  hoped  for  from  the  patient's 
side  w^as  a  certain  degree  of  palliation.  The 
lapse  of  time  over  which  statistics  become 
of  real  value  has  not  been  great  enough. 
Furthermore,  changes  in  technique  have 
been  steadily  taking  place  so  that  our  earlier 
work  represents  in  no  way  what  we  feel  we 
can  accomplish  at  the  present  time.  This  is 
especially  true  of  the  past  year. 

We  are  stimulated  by  the  surgical  results 
to  date  to  look  for  another  method  of  treat- 
ing rectal  cancer  and  our  experience  with  ra- 
dium encourages  us  in  proceeding  along  the 
present  lines. 

It  is  true  that  during  the  past  few  years 
surgical  technique  has  improved  and  the  op- 
erative results  are  consequently  better.  Even 
with  this,  in  the  hands  of  the  most  exper- 
ienced operators,  the  results  are  poor  and  the 
operation  a  very  mutilating  one.  More  im- 
portant than  this  however  is  the  fact  that  a 
large  number  of  patients  are  inoperable 
when  seen  by  the  surgeon.  Statistics  are  not 
voluminous  on  this  point  but  it  would  seem 
that  over  30  per  cent  are  inoperable  in  the 
opinion  of  the  most  radical  operators  when 
first  seen.  Rennington^  quotes  from  the  ex- 
perience of  Tuttle  and  Lynch  over  a  period 
of  nineteen  years  that  153  out  of  491  cases 
were  inoperable.  It  is  deplorable  that  so 
many  cases  are  looked  on  as  hemorrhoids 
until  the  disease  is  far  advanced.  Lynch" 
found  this  to  be  true  in  10  per  cent  of  his 
series,  while  Rennington^  quotes  Jones  as  es- 
timating it  as  high  as  75  per  cent.  In  our 
own  experience  it  would  seem  that  this  error 
was  made  in  well  over  50  per  cent  of  all 


cases.  I  believe  there  is  no  excuse  for  such 
errors  if  the  patient's  symptoms  are  con- 
sidered seriously  and  a  proper  examination 
made. 

From  an  analysis  of  surgical  statistics  it 
appears  that  the  average  operative  mortality 
in  the  best  hands  ranges  from  16  per  cent 
to  20  per  cent.  Lynch"  reported  16  per  cent 
in  a  series  of  491  cases.  In  a  series  of  col- 
lected statistics  embracing  1665  cases.  Hart- 
man"  found  the  operative  deaths  to  be  15.8 
per  cent  and  from  another  series  Renning- 
ton^  reports  12.5  per  cent  to  17.5  per  cent 
wdth  improvement  in  the  later  years.  Hart- 
w^ell*  reported  26  per  cent  in  1905  and 
Mayo^  15.5  per  cent  in  191 2.  From  a  series 
of  1244  cases  by  fourteen  selected  opera- 
tors Lusk'^  reported  a  rate  of  19.7  per  cent. 
Sepsis  accounts  for  a  great  deal  of  this  im- 
mediate mortality  and  fortunately  it  has  im- 
proved in  later  years.  In  his  report  in  1905 
Hartwell^  placed  it  at  60  to  70  per  cent,  and 
in  1 91 8  Rennington^  quoted  a  rate  of  39.8 
per  cent. 

In  the  surgical  literature  we  find  consider- 
able use  made  of  the  term  "cure"  as  based 
on  a  three-year  period  of  observation.  I 
think  it  would  be  much  better  to  refer  to  the 
result  as  apparent  freedom  from  disease  or 
"clinical  cure"  for  a  fixed  period. 

Based  upon  this  three-year  period  of  ob- 
serv^ation  Mayo^  had  33  per  cent  of  operated 
cases  well  for  3  years ;  and  28  per  cent  over  a 
five-year  period.  Rennington^  reported  218 
out  of  a  collected  series  of  966  cases  well  for 
three  years — about  22  per  cent.  Hartwell* 
reported  1 5  to  20  per  cent  for  this  period  and 
Grant^  16  per  cent  "permanent  recoveries." 
In  his  collected  series  Lusk^  found  16.7  per 
cent  w^ell  for  the  three-year  period.  Lusk' 
also  quoted  Baisch  as  authority  for  the  fact 
that  from  a  selected  series  of  cases  where 
careful  microscopic  examinations  had  been 
made,  one-third  of  the  cases  that  were  other- 
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Fig. 


Showing  various  tubes,  both  filtered  and  un 
filtered,  used  in  rectal  Avork. 


wise  operable  showed  involvement  present 
in  the  glands. 

A  fair  resume  of  these  statistics  would 
then  give  us  the  following  results.  At  least 
30  per  cent  of  cases  are  inoperable  when 
first  seen  by  the  surgeon.  Of  the  operable 
group  the  immediate  mortality  is  at  best 
about  16  per  cent. The  cases  found  clinically 
free  from  disease  at  the  end  of  three  years 
average  below  20  per  cent  although  a  few 
selected  groups  are  reported  over  30  per  cent. 

Granting,  therefore,  a  generous  margin  of 
doubt  in  favor  of  the  surgical  procedure  we 
find  that  in  the  best  hands  an  average  of  14 
per  cent  of  all  cases  coming  to  the  surgeon 
are  free  from  disease  at  the  end  of  three 
years  and  we  know  of  course  that  this  rate  is 
lowered  with  each  succeeding  year. 

This  procedure  entirely  leaves  out  30  per 
cent  of  the  cases  to  begin  with,  or  gives  only 
a  colostomy  for  relief  where  it  is  indicated.  It 
brings  to  an  abrupt  end  about  16  per  cent  of 
the  operable  cases.  In  the  light  of  Lusk's  re- 
port on  gland  involvement  a  radical  proce- 
dure is  begun  in  i  out  of  3  cases,  which  it  is 


Fig.  2.  Showing  doulile  rubber  casing,  with  metal  cap 
to  facilitate  introduction  of  annular  growths  of 
rectum. 

useless  to  attempt  to  complete.  It  seems  un- 
questionable that  n>any  of  the  cases  are  ren- 
dered more  comfortable  for  their  remaining 
period  of  life  when  we  consider  the  physical 
and  mental  shock  of  such  a  radical  proce- 
dure, the  suffering  from  sepsis  in  many  and 
in  many  others  the  discomfort  of  a  rectal 
stoma  that  does  not  function  comfortably. 

Since  nearly  all  malignant  lesions  of  the 
rectum  are  either  adenocarcinomas  or  epi- 
dermoid carcinomas  we  have  a  certain  a- 
mount  of  knowledge  of  their  response  to  ra- 
dium from  experience  with  the  same  types 
of  growths  in  other  parts  of  the  body.  The 
problem  is  therefore  largely  one  of  tech- 
nique. Unfortunately  this  is  not  as  simple  as 
it  might  seem. 

In  attempting  to  adapt  our  technique  to 
the  individual  case  we  must  have  in  mind 
something  of  what  we  may  reasonably  ex- 
pect to  accomplish.  A  review  of  our  work  to 
date  may  aid  in  formulating  some  such  plan. 
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We  have  treated  in  all  i6i  cases  of  rectal 
cancer  at  the  Memorial  Hospital  during  the 
past  four  years.  Of  these  practically  all  were 
very  advanced  cases:  many  hopelessly  dis- 
seminated, others  advanced  recurrences. 
About  40  per  cent  of  the  group  represent 
eleventh-hour  efforts  to  try  a  new  remedy, 
and,  as  I  look  back  over  them,  I  feel  sure 
they  would  have  been  better  off  had  no 
treatment  with  radium  been  given.  There 
comes  a  time  in  the  course  of  malignant  di- 
sease when  even  the  physical  agents  are  of 
no  avail. 

A  large  number  of  cases  have  been  bene- 
fitted from  one  to  three  years  and  then  died 
of  distant  involvement  or  some  intercurrent 
disease ;  others  are  still  improving,  and  some 
with  a  fair  hope  of  complete  regression  of 
the  disease,  providing  there  is  not  already 
distant  metastasis.  By  improvement  1  mean 
inhibition  of  the  growth,  very  frequently  de- 
crease in  its  size,  with  fibrosis  which  tends  to 
create  a  local  process  rather  than  an  actively 
growing  disseminating  one.  The  decrease  in 
size  relieves  the  partial  obstruction ;  constipa- 
tion is  therefore  less  marked.  Bleeding  is 
largely  stopped,  discharge  of  mucous  is  less- 
ened and  pain  is  very  materially  decreased. 
With  a  certain  amount  of  surface  healing 
and  deeper  fibrosis  the  amount  of  septic  ab- 
sorption is  lessened.  This  results  in  a  gain  in 
weight  and  strength  and  a  general  feeling 
of  well-being  otherwise  not  experienced  by 
the  patient.  In  a  few  cases  the  palliative  re- 
lief has  been  prolonged  over  periods  of  up 
to  three  years  so  that  patients  are  able  to  go 
about  their  daily  duties  practically  symptom 
free,  although  we  know  from  periodic  ex- 
aminations that  malignant  tissue  is  still 
present. 

Fourteen  patients  only  out  of  the  entire 
series  are  now  clinically  free  from  disease 
for  periods  ranging  from  four  months  to 
four  years.  Two  of  these  cases  were  granu- 
lomas of  the  type  of  Ivmphosarcomas  while 
the  others  were  typical  adenocarcinomas  or 
epidermoid  carcinomas.  The  oldest  case  now 
free  from  disease  for  about  four  years  has  a 
marked  fibrous  tissue  stenosis  due  to  over- 
radiation  with  heavily  filtered  radium  placed 
within  the  lumen  of  the  gut.  This  error  we 
feel  we  can  now  safely  eliminate  by  proper 
protection.  Another  case  treated  over  a  year 


ago  had  an  annular  growth  about  6  cm.  in  di- 
ameter of  the  lower  sigmoid;  operation  was 
advised  against  because  of  a  high  percentage 
of  blood  sugar;  and  following  two  treat- 
ments with  radium  he  has  now  been  entirely 
free  from  any  evidence  of  disease  for  nearly 
a  year.  No  stricture  is  palpable  and  the  pa- 
tient has  no  symptoms.  The  result  is  of  in- 
terest because  of  the  complicating  diabetes. 
A  type  of  case  that  had  been  very  discour- 
aging to  us,  until  the  past  year,  was  the 
bulky  infiltrating  growth  low  down  in  the 
rectum  and  frecjuently  involving  the  sphinc- 
ter. Under  radiation  it  appeared  to  improve 
for  a  time  and  then  broke  down  causing 
profuse  discharge  externally  and  usually 
with  a  loss  of  sphincter  control.  Five  of 
these  cases  have  been  treated  with  very  large 
doses  of  both  buried  emanation  and  surface 
radiation  followed  by  local  excision  two  to 
four  weeks  later.  All  5  cases  have  remained 
free  from  disease  now  for  periods  ranging 
from  seven  to  fourteen  months. 

During  the  past  year  we  have  been  im- 
pressed by  the  number  of  cases  that  seemed 
to  improve  for  a  short  time  and  then  distant 
metastases,  usually  in  the  liver,  became  evi- 
dent. Under  such  circumstances  it  is  quite 
evident  that  the  initial  discomfort  resulting 
from  intense  radiation  of  the  local  lesion  is 
not  warranted  if  the  disease  has  already  be- 
come generalized.  In  view  of  this  we  now 
feel  that  an  exploratory  laparotomy  is  justi- 
fied in  most  instances  where  the  local  growth 
presents  possibilities  of  complete  regression 
from  the  use  of  radium.  In  the  first  place  it 
permits  of  a  complete  examination  of  the 
growth.  If  extension  has  taken  place  it  saves 
the  patient  the  intense  discomfort  of  an  in- 
tense local  treatment.  If  the  lesion  is  one 
which  warrants  radical  treatment  with  ra- 
dium it  is  frequentl}'  an  advantage  to  bury 
emanation  into  the  growth  from  above,  thus 
insuring  a  much  more  accurate  application. 
If  a  colostomy  is  indicated  and  advisable  it 
can  be  done  at  that  time. 

In  a  number  of  instances  this  procedure 
has  saved  the  patient  a  great  deal  of  useless 
radiation.  We  have  been  much  surprised  to 
find  how  frec[uently  distant  metastases  were 
present  with  a  relatively  small  primary 
growth.  We  have  not  depended  entirely  on 
the  presence  of  enlarged  glands  to  dissuade 
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us  from  radical  treatment,  subsequently,  be- 
cause a  certain  number  of  these  are  inflam- 
matory; but  in  practically  every  instance 
where  the  glands  were  definitely  involved  the 
liver  was  also  extensively  involved.  In  these 
cases  no  radium  was  used  locally.  In  some, 
radium  and  .r-ray  were  used  externally  as  a 
palliative  measure. 

We  have  not  done  a  colostomy  as  a  rou- 
tine procedure.  Lynch"  feels  that  early  col- 
ostomy in  inoperable  cases  is  as  vital  as  early 
operation  in  operable  cases.  I  cannot  agree 
with  either  his  premise  or  corrollary.  It  is 
quite  true  that  a  short-circuiting  of  the 
bowel  relieves  the  growth  from  irritation 
and  permits  of  more  careful  cleansing.  On 
the  other  hand  an  artificial  anus  on  the  ab- 
domen is  far  from  pleasant.  Many  cases 
would  be  broken  in  spirit  and  lose  their 
morale  with  the  presence  of  such  an  ob- 
jectionable opening.  Many  can  be  handled 
very  efficiently  and  comfortably  without  it. 
I  would  urge  a  colostomy  only  in  the  case 
where  radium  application  would  be  facilita- 
ted by  it  and  where  the  possibilities  of  clos- 
ing it  after  treatment  were  good.  In  impend- 
ing obstruction  it  is  of  course  imperative.  In 
the  large  group  of  advanced  cases  who  can 
control  bowel  function  fairly  well  we  leave 
the  decision  to  the  patient. 

TECHNIQUE  OF  RADIUM   APPLICATIOX 

The  literature  affords  very  little  aid  in 
dosage  and  technique  of  radium  application 
in  rectal  cancer.  Our  own  experience  has 
been  one  of  gradual  change  from  applying 
filtered  radium  internally  only,  to  a  combina- 
tion of  buried  emanation,  filtered  radium  in- 
ternally and  externally  and,  if  necessary, 
surgical  exposure  to  make  the  application  as 
accurately  as  possible. 

At  first  we  used  only  one  tube  of  i  mm. 
platinum  filter  in  rubber  inserted  into  the 
stricture  or  packed  against  the  lesion  with 
gauze  where  the  growth  did  not  involve  the 
entire  circumference  of  the  gut.  Following 
this  we  used  tubes  of  the  same  filtration 
but  arranged  end  to  end  in  tandem  fashion, 
enough  to  extend  beyond  the  limits  of  the 
growth  above  and  below.  These  were  insert- 
ed in  a  small  rubber  tube  inside  a  larger 
rubber  rectal  tube  to  afford  some  distance. 
because  we  soon  learned  that  the  rectal  mu- 


FiG.  3.  Flexible  type  of  rubber  l)Ousie  applicator 
designed  to  afford  protection  for  the  uninvolved 
rectal  wall  in  growths  confined  to  one  side. 

cosa  did  not  stand  radiation  nearly  as  well 
as  the  mucous  membrane  in  other  parts  of 
the  body.  This  factor  of  irritation  of  normal 
rectal  mucosa  has  rendered  the  treatment  of 
cancer  in  this  location  much  more  difficult 
than  it  otherwise  would  be. 

In  19 1 7,  we  began  using  radium  emana- 
tion interstitially  and  in  a  previous  publica- 
tion Janeway**  has  mentioned  its  use  in  con- 
nection with  rectal  cancer.  This  method  has 
added  more  to  our  improvement  in  results 
than  all  other  changes  combined.  It  permits 
of  distributing  the  radiation  throughout  the 
growth  so  that  an  accurate  appmximation 
can  be  made.  It  permits  of  using  l)Oth  the 
beta  and  the  gamma  radiation  thus  resulting 
in  a  saving  of  radium  energy.  It  can  be  in- 
troduced into  the  upper  portion  of  a  growth 
through  an  abdominal  incision  and  left  in 
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Fig.  4.   Radium   emanation   "pack"  used  in   applying 
heavily  filtered  doses  over  the  sacrum. 

situ.  It  permits  of  a  continuous  radiation 
over  a  period  of  a  few  weeks  thus  resulting 
in  greater  dosage  being  possible  than  where 
filtered  tubes  or  needles  containing  radium 
element  are  inserted  for  a  few  hours  and 
then  withdrawn.  These  emanation  tubes  may 
be  inserted,  by  means  of  the  usual  trocar 
needles,  through  the  proctoscope  or  as  I  fre- 
quently prefer,  if  the  growth  be  low  down, 


through  a  small  cannula  which  is  inserted 
alongside  the  examining  finger.  Palpation  is 
always  more  important  than  direct  vision  in 
inserting  radium  emanation  tubes.  The  tubes 
are  about  3  mm.  in  length  and  0.3  mm.  in  di- 
ameter and  so  far  we  have  observed  no  ill 
effects  from  them  as  foreign  bodies.  In  our 
earlier  work  we  used  tubes  of  too  great 
strength  but  now  we  have  reduced  the 
strength  of  individual  tubes  and  can  thereby 
get  a  more  uniform  distribution  by  using  a 
greater  number  of  tubes.  At  present  we  are 
using  tubes  of  about  i  mc.  although  in  some 
very  bulky  growths  it  is  quite  safe  to  use 
tubes  up  to  2  mc.  in  strength.  One  mc.  of  ra- 
dium emanation  left  in  situ  until  exhausted 
gives  a  total  radiation  of  approximately  132 
mc.  hrs.  Depending  upon  the  size  and  dis- 
tribution of  the  growth  our  dosage  of  bur- 
ied emanation  varies  from  10  to  40  mc.  or  a 
total  of  1320  to  5280  mc.  hrs. 

It  is  frequently  possible  to  introduce  these 
tubes  into  the  rectal  tumor  without  anes- 
thesia because  the  pain  is  very  slight  but  I 
am  in  favor  of  a  short  gas  and  oxygen  an- 
esthesia in  most  instances.  The  relaxation 
by  the  anesthetic  permits  of  a  more  accurate 
distribution  of  the  tubes. 

With  the  early  use  of  buried  emanation 
we  fell  off  very  sharply  in  the  use  of  filtered 
radium  internally.  We  soon  found  that  this 
was  a  neglect  of  opportunity  to  get  in  an  ap- 
preciable quantity  of  radiation  at  close 
range,  and  have  resumed  its  use.  Where  the 
growth  is  annular  a  string  of  ^  mm.  plat- 
inum tubes,  usually  3  to  5,'  arranged  end  to 
end  in  a  small  rubber  tube  which  is  again 
encased  in  a  larger  rubber  rectal  tube  with  a 
metal  end  to  facilitate  introduction,  is  placed 
within  the  stricture.  They  may  be  inserted 
directly  or  through  the  proctoscope.  A  suf- 
ficient number  of  tubes  should  be  used  to  go 
beyond  the  limits  of  the  growth  both  above 
and  below.  Using  this  filtration  and  protec- 
tion a  dosage  of  500  mc.  hrs.  per  tube  does 
not  give  an  undue  reaction.  Where  the 
growth  is  limited  to  one  segment  of  the  rec- 
tal wall  a  slightly  different  type  of  applicator 
is  employed.  Solid  rubber  rectal  bougies  of 
various  sizes  with  two  grooves  cut  in  the  side 
are  employed.  In  these  grooves  the  required 
number  of  platinum  tubes  in  small  rubber 
tubes  are  placed.  Knowing  the  axis  of  the 
growth  and  its  distance  from  the  sphincter 
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it  is  possible  to  insert  this  appHcator  so  that 
the  tubes  come  in  accurate  and  close  approx- 
imation to  the  growth.  If  necessary  it  mav 
be  rotated  in  order  to  complete  the  applica- 
tion. This  applicator  has  the  advantage  of 
protecting  by  distance  the  opposite  unin- 
volved  rectal  mucosa  from  the  full  dose  of 
radium  used  over  the  growth.  We  now 
feel  that  it  is  a  distinct  advantage  to  use  an 
internal  dose  of  filtered  radium  before  bury- 
ing emanation  tubes  throughout  the  growth. 
The  surface  radiation  applied  in  this  way 
inhibits  the  growth  and  produces  at  least 
a  temporary  retrograde  process  during  the 
course  of  which  it  is  safer  to  introduce  the 
needles  carrying  emanation  tubes.  The  theo- 
retical danger  of  dissemination  by  trauma  is 
thereby  obviated  or  materially  lessened. 

Carcinoma  low  down  in  the  female  rectum 
offers  a  more  favorable  opportunity  for 
treatment  because  it  can  be  reached  through 
the  posterior  vaginal  wall.  For  this  purpose 
we  use  small  2  mm.  lead  or  brass  plaques  of 
about  4  sq.  cm.  surface  area  as  the  filtering 
applicator.  One,  two,  or  three  of  them  de- 
pending on  the  individual  rec[uirements  may 
be  placed  over  the  posterior  vaginal  wall  and 
the  other  walls  packed  away  with  gauze 
packing.  It  is  best  to  separate  the  plaques 
about  I  cm.  from  the  posterior  vaginal  wall 
and  at  this  distance  800  mc.  hrs.  per  plaque 
with  the  lead  or  slightly  less  with  the  brass, 
can  be  given  with  safety  in  addition  to  tliat 
already  used  within  the  rectum.  This  ad- 
junct is  of  most  value  of  course  where  the 
growth  is  low  down  and  involving  the  anter- 
ior rectal  wall. 

At  first  we  were  disposed  to  apply  all  of 
our  treatment  from  within  but  more  recently 
we  have  been  convinced  that  it  is  necessary 
to  attack  rectal  cancer  from  every  available 
angle  if  we  are  to  hope  for  complete  re- 
gression of  the  disease  with  any  degree  of 
uniformity.  We  have  therefore  resorted  to 
heavily  filtered  doses  of  radium  applied  at 
a  distance  from  the  skin  over  the  sacrum 
and,  if  the  growth  be  higher  up,  through  the 
left  lower  quadrant  as  well.  For  this  purpose 
our  usual  70  sq.  cm.  radium  pack  is  used. 
This  pack  is  filtered  by  2  mm.  of  brass,  and 
at  a  distance  of  10  cm.  from  the  skin  20000 
mc.  hrs.  of  radiation  can  be  given  with 
safety.  We  feel  that  this  adds  very  materi- 
ally to  the  ultimate  result. 


T 


Fig.  5.  Showing  unfiltered  radium  emanation  tube, 
trocar  needle,  and  I'orcep  used  in  placing  tube  in 
end  of  hollow  needle. 


While  our  dosage  has  always  been  di- 
rected toward  giving  as  much  as  possible 
with  a  given  applicator,  our  techni(|ue,  it  will 
be  seen,  has  changed  very  materially  in  the 
past  year.  We  feel  that  with  this  effort  to  de- 
liver as  much  radiation  from  as  many  ave- 
nues of  approach  as  possible  in  the  cases  for 
whom  we  hold  out  a  po.'- .nihility  of  complete 
regression,  our  results  have  been  much  more 
encouraging. 
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Fic.  6.  Miciophotograph  shelving  early  changes  due 
to  external  radiation  on  rectal  cancer. 

PRESENT  CONCLUSIONS  ON  METHODS  OF 
TREATMENT 

Every  case  of  rectal  cancer  presenting  for 
treatment  should  be  classified  in  one  of  three 
groups  depending  on  extent  of  priiiiary 
growth,  metastases  or  probability  of  metas- 
tases, age  and  general  physical  condition. 

Group  i.  All  cases  for  whC)m  a  reasonable 
hope  for  complete  regression  can  be  enter- 
tained. 


f^'- 


Fig.  S.  Microphotograph  showing,  degenerative 
changes  and  fibrosis  two  months  after  Innying 
radium   emanation   in   rectal   cancer. 


Fig.  7.  Microphotograph  showing  marked  degenera- 
tive changes  due  to  burying  radium  emanation 
within  the  growth. 

Group  ii.  Advanced  cases  for  whom  a 
reasonable  hope  for  palliative  relief  can  be 
entertained. 

Group  111.  Hopelessly  advanced  cases  for 
whom  the  phvsical  agents  hold  out  no  chance 
for  relief. 

Such  a  classification  is  of  course  very 
vague  and  with  further  improvement  in 
technique  will  be  gradually  changed. 

However,  some  such  scheme  inust  be  ad- 
hered to  in  order  to  formulate  a  plan  of 
treatment  for  each  individual  case. 

It  is  onlv  humaii  to  suppose  that  Group 
III  will  always  be  with  us  but  let  us  hope 
that  with  better  medical  education,  lessening 
of  fear  and  distrust  on  the  part  of  the  pa- 
tient, and  improvement  in  technique  with  the 
physical  agent  it  will  be  steadily  reduced. 
For  these  patients  with  disease  far  advanced 
both  locally  and  regionally,  and  with  gen- 
eral phA'sical  condition  markedly  deterior- 
ated it  is  better  to  do  nothing  except  to  pay 
attention  to  hygienic  measures  and  medic- 
inal relief.  An  occasional  colostomy  may  of 
course  be  necessary  but  this  shoitld  be  de- 
cided on  the  merits  of  the  individital  case. 

In  Group  1 1  we  should  give  first  consider- 
ation to  the  comfort  of  the  patient  through- 
out. If  surface  applications  of  radium  inter- 
nallv  will  relieve  discharge,  bleeding,  pain 
and  obstruction  and  prolong  life  then  it 
should  be  employed  with  that  end  in  view 


The  Treatment  of  Cancer  of  the  Rectum  bv  Radium 


753 


but  not  pushed  to  tlie  point  of  serious  dis- 
comfort. I  beheve  that  in  these  cases  buried 
emanation  should  be  used  sparingly,  if  at  all. 
The  reaction  from  it  in  large  doses  is  too 
severe  to  warrant  its  use  for  purely  pallia- 
tive relief.  In  some  cases  a  colostomy  may  be 
an  urgent  necessity  but  as  a  general  rule 
it  should  be  left  to  the  decision  of  the  pa- 
tient, after  he  has  been  acquainted  with  the 
facts. 

In  Group  i  we  should  make  use  of  ra- 
dium in  as  large  doses  as  possible  and 
through  all  available  channels  to  effect  a 
complete  regression.  In  the  majority  of  these 
cases  I  am  convinced  that  an  explorator} 
laparotomy  is  advisable.  It  can  be  clone  usu- 
allv  under  local  anesthesia  with  very  little 
risk  to  the  patient.  It  establishes  definitely 
the  advisability  or  not  of  pursuing  radical 
treatment.  It  frec[uently  offers  a  much  more 
accurate  means  of  introducing  radium  em- 
anation into  the  upper  portion  of  the  growth. 
If  it  is  found  that  a  temporary  colostomy 
will  facilitate  treatment  it  can  be  done  at 
the  same  time.  In  many  of  the  smaller 
growths  a  laparotomy  is  not  essential  for 
localization  of  the  disease.  They  can  be 
treated  very  accurately  through  the  procto- 
scope and  a  colostomy  need  not  be  con- 
sidered. In  these  therefore  we  can  afford  to 
gamble  to  a  certain  extent  on  the  absence  of 
regional  or  distant  metastases.  Treatment 
of  these  smaller  lesions  is  not  attended  by  an 
appreciable  amount  of  discomfort  but  I  feel 
that  we  are  fully  justified,  in  the  light  of 
our  present  experience,  in  subjecting  a  pa- 
tient to  this  where  there  is  a  reasonable  hope 
for  complete  regression  of  the  disase.  Ema- 
nation in  sufficient  amount  should  be  dis- 
tributed accurately  and  uniformly  through- 
out the  growth,  preferably  under  gas  and 
oxygen  anesthesia.  Filtered  radium  should 
be  applied  internally  in  every  way  that 
the  anatomical  relations  of  the  individ- 
ual case  permits.  Filtered  radium  should  be 
applied  at  a  distance  from  the  skin  and  in 
maximum  dosage  over  the  sacrum  and,  if 
the  growth  be  high  up,  over  the  left  lower 
quadrant  as  well. 

In  certain  cases,  especially  bulky  growths 
involving  the  small  sphincter,  surgery  may 
be  employed  to  advantage  after  intense 
radiation. 

I  have  made  no  mention  of  surgery  for 


the  so-called  strictly  operable  cases.  The 
statistics  of  surgery  alone  in  these  cases  are 
before  us  and  leave  much  to  be  desired.  Un- 
fortunately sufficient  time  has  not  elapsed 
to  permit  of  radium  statistics  from  improved 
methods  of  application. 

We  feel,  however,  that  our  experience 
throughout  this  period  of  evolution  in  tech- 
nique and  methods  of  radium  application 
warrants  us  in  treating  the  operable  as  well 
as  some  of  the  more  advanced  cases,  with  a 
reasonable  hope  for  success. 
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DISCUSSION 

Dr.  Hexry  K.  Pancoast.  Dr.  Quick  has 
given  us  an  excellent  presentation  of  the  tech- 
nique of  the  treatment  of  this  condition  as  it 
should  be  carried  out.  I  doubt  if  any  of  us 
have  carried  out  as  thorough  a  technique  in 
the  treatment  of  carcinoma  of  the  rectum  as 
has  been  given.  We  all  realize  that  carcinoma 
of  the  rectum,  as  it  comes  to  us,  is  a  usually 
liopeless  condition.  It  is  a  very  good  example  of 
the  necessity  for  early  diagnosis  when  such 
cases  can  be  treated  successfully,  if  ever.  How 
often  is  the  patient  who  has  a  little  bleeding 
from  the  rectum  and  pain  given  a  salve  and 
told  to  take  some  other  treatment  for  hemor- 
rhoids instead  of  a  careful  examination  being 
made  ?  Certainly  women  who  complain  of  per- 
sistent bleeding  from  the  uterus  are  not  given 
such  treatment,  and  there  is  just  as  much  nec- 
essity for  paying  attention  to  these  cases  of 
rectal  bleeding^  as  to  the  uterine. 
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So  the  cases  that  come  to  us  are  usually 
palliative  and  the  treatment  must  be  palliative 
to  relieve  the  patient  to  a  certain  extent.  Take 
the  latter  class  first.  All  we  can  do  is  to  keep 
the  passage  open  for  as  long  as  possible  and 
keep  the  patient  comfortable.  We  can  do  this 
in  most  cases  for  a  comparatively  long  time. 
Dr.  Quick  has  said  for  two  years,  and  I  can 
bear  him  out  in  this  statement.  If  we  regard 
the  case  as  a  little  more  favorable,  and  yet  it 
is  still  palliative, — we  must  regard  the  cases 
from  all  points  of  view.  One  of  the  most  im- 
portant points  is  free  access  to  the  growth.  In 
the  treatment  of  carcinoma  of  the  face  or 
mouth  we  expect  to  have  free  access,  and  we 
need  this  in  the  rectum  just  as  in  any  other 
part  of  the  body  to  get  the  best  results. 

I  think  the  preliminary  laparotomy  is  of 
great  importance,  and  a  procedure  we  have  not 
carried  out  except  in  one  or  two  instances.  In 
one  of  these  we  were  amazed  to  see  the  ex- 
tent of  the  growth,  and  we  had  to  let  the  pa- 
tient go  practically  untreated.  I  do  not  doubt 
that  many  cases  which  we  have  treated  as 
rectal  carcinoma  also  have  widespread  metasta- 
ses in  the  pelvis  and  even  up  in  the  liver. 
Such  cases  are  usually  better  off  without  radia- 
tion, but  simpl}^  a  colostomy  to  relieve  the  pres- 
sure and  obstruction.  If  metastases  extends 
into  the  prostate  and  bladder  it  is  folly  to  treat 
such  cases  for  they  will  be  made  more  uncom- 
fortable by  any  sort  of  treatment. 

Our  statistics  cover  15  to  20  cases,  and  in 
thinking  over  those  cases  to  decide  whether  it 
was  better  to  do  amthing,  we  can  pick  out  say 
4  out  of  16,  or  25  per  cent,  in  which  we  feel 
we  have  done  the  patient  some  good.  One  pa- 
tient is  still  living  following  a  colostomy  five 
years  ago.  Another  patient  was  free  from 
symptoms  for  about  three  years  when  there 
was  a  recurrence  from  which  she  subsequently 
died.  Another  patient  has  been  kept  in  com- 
parative comfort  for  three  years  by  the  intro- 
duction of  tandem  tubes  to  keep  the  stricture 
open.  We  did  not  attempt  to  do  anything 
further  and  he  has  movements  every  day  if 
the  stools  are  kept  soft.  Another  patient  has 
been  kept  well  for  five  years  and  is  able  to  ride 
around  on  a  bicycle  and  has  reduced  his  mor- 
phine from  20  grains  to  2  or  3. 

As  to  the  technique,  I  am  glad  to  hear,  as  a 
preliminary  part  of  the  technique,  of  the  ex- 
ploratory laparotomy  which  I  think  is  well 
worth  while ;  then  a  colostomy  if  it  is  needed ; 
then  free  access  to  the  growth,  whatever  that 
may  mean.  It  may  mean  partial  surgery,  it  may 
mean  introduction  of  the  needle  from  above, 
if  necessar}',  and  this  cannot  be  done  unless 
one  uses  emanation  tubes,  which  I  have  not 


been  able  to  do.  If  the  growth  is  annular,  the 
tubes  must  be  used  in  the  lumen  and  one  must 
watch  the  remainder  of  the  rectum.  We  must 
look  for  metastases,  and  I  think  no  case  is 
properly  treated  without  cross-firing  with 
.jr-rays.  from  both  front  and  behind.  Whatever 
treatment  we  can  give  inside  is  only  part  of  the 
treatment  and  we  must  depend  upon  cross- 
fire radiation  from  the  outside  to  supplement 
it. 

Dr.  George  E.  Pfahler.  I  have  only  had 
experience  with  inoperable  cases.  I  think  all  of 
these  are  undesirable  cases  as  far  as  the 
pleasure  of  working  at  them  is  concerned,  and 
because  the  outcome  of  any  case  of  carcinoma 
of  the  rectum  is  likely  to  be  unfavorable,  but 

1  have  used  a  combination  of  methods  that  has 
not  been  mentioned,  and  it  is  for  that  reason 
that  I  speak. 

In  3  different  cases  I  destroyed  the  growth 
locally  by  means  of  electro-coagulation,  and  in 

2  of  these  cases  I  then  introduced  a  radium 
pack  or  tampon  similar  to  the  one  described  by 
Dr.  Quick  and  treated  them  by  cross-firing 
with  the  ,r-rays  externally.  One  patient  lived 
three  years  and  then  seemed  to  die  of  toxemia. 
He  had  a  marked  stricture  of  the  rectum  and 
I  believe  his  death  was  due  to  toxemia  from  re- 
tained feces.  This  man  had  had  three  opera- 
tions before  he  came  to  me  and  would  not  per- 
mit another.  The  second  patient  who  was 
treated  by  this  method  for  a  year  has  been  at- 
tending to  his  usual  duties  which  are  rather 
strenuous.  He  has  a  stricture  of  the  rectum  so 
that  the  lumen  is  perhaps  Yo  or  ^  of  an  inch. 
Aside  from  that  he  is  free  from  symptoms  and 
goes  about  his  duties.  We  must  expect  a  con- 
striction that  will  result  both  from  scar  tissue 
and  radium  aj^plication.  The  third  case  I 
treated  by  this  combination  is  more  recent  and 
is  doing  well  and  I  believe  it  is  a  form  of  treat- 
ment I  would  use  again. 

I  first  radiated  to  the  limit  of  skin  toleration 
externally,  requiring  a  period  of  two  weeks. 
Then  I  destro}ed  the  growth,  which  was  ap- 
proximately three  inches  in  length  and  about 
two  in  width  and  filled  the  rectum,  by  means 
of  electro-coagulation.  Then  immediately  in 
the  pieces  of  this  tumor,  or  what  was  the 
tumor,  I  introduced  150  mgm.  of  radium  in  the 
form  of  needles,  and  a  week  later  introduced 
a  radium  tampon  and  we  shall  follow  up  that 
by  cross-firing  with  the  ;ir-rays,  which  I  believe 
gives  us  a  very  good  method  of  treatment. 

Dr.  H.  H.  Bowing.  I  wish  to  mention  an- 
other type  of  anesthesia.  That  is  caudal  or 
sacral  anesthesia,  which  we  feel  is  very  helpful. 
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One  of  the  elements  of  failure  in  the  treat- 
ment of  these  cases  is  the  poor  exposure  of  the 
lesion  afforded  by  ordinary  methods.  Caudal 
or  sacral  anesthesia  is  a  very  satisfactory  pro- 
cedure. The  technique  at  the  Clinic  is  that  of 
Dr.  Labat.  It  not  only  assists  the  operator  but 
offers  in  many  ways  relief  of  pain  to  the  pa- 
tient. Owing  to  the  liberal  amount  of  sphincter 
relaxation,  an  extra  large  proctoscope  is  used. 
Following  the  radium  application  in  some  of 
these  cases,  the  exposure  of  the  lesion  was  so 
complete  that  it  seemed  efficacious  to  give  x- 
ray  treatments  through  the  proctoscope.  Time 
intervals  are  too  recent  to  determine  the  result 
in  this  type  of  therapy. 

Dr.  R.  E.  Loucks.  We  have  .considered  the 
treatment  of  the  disease  very  well,  but  aside 
from  that  I  think  we  should  treat  the  patient. 
I  think  if  any  patient  suft'ers  it  is  the  one  with 
proctitis,  especiall}-  from  radium.  The  colos- 
tomy gives  us  a  good  source  for  irrigation  of 
the  lower  bowel,  and  I  have  found  that  it  af- 
fords the  patient  great  comfort  to  give  an  ir- 
rigation at  least  twice  a  day  with  an  alkaline 
solution.  I  have  found  that  a  solution  of  bor- 
acic  acid  or  chlorate  of  potassium  has  given 
these  patients  much  comfort.  Then  sometimes, 
as  \ou  know,  we  have  to  resort  to  opiates,  but 
the  treatment  with  morphine  gradually  creeps 
up,  so  we  use  morphine  by  suppositories. 

I  think  the  after-treatment  is  of  much  im- 
portance, for  these  patients  suffer  a  great  deal. 
They  have  an  inflamed  condition  and  a  great 
deal  of  secretion  from  the  cells  and  this  pro- 
duces much  discomfort  in  the  external  folds 
of  the  anus. 

The  diet  in  these  cases  is  another  considera- 
tion. I  think  the  diet  should  be  regulated.  The 
idea  of  allowing  people  who  have  a  proctitis  to 
eat  all  kinds  of  highly  seasoned  foods  is  a  mis- 
take. If  we  had  a  diseased  eve  we  would  have 


it  covered  up,  but  if  the  rectum  is  involved 
we  often  allow  patients  to  eat  anything  they 
wish  and  it  sets  up  a  great  deal  of  irritation. 
They  should  have  plenty  of  food  and  alkaline 
fluids. 

Dr.  Douglas  Quick  (closing  the  discus- 
sion). I  think  Dr.  Loucks  summed  the  whole 
thing  up  when  he  said  "treat  the  patient".  I 
think  a  great  deal  of  the  treatment  is  in  keep- 
ing the  patient  comfortable.  It  is  just  for  that 
reason  that  I  urge  classifying  these  cases  be- 
fore we  start  and  not  starting  at  random  and 
seeing  where  it  leads  us.  There  are  certain 
cases  in  which  I  think  we  can  reasonably  hope 
for  complete  regression.  These  people  I  think 
we  should  treat  to  the  limit.  They  do  suffer, 
there  is  no  question  about  that.  They  have 
pain,  they  lose  some  weight,  have  marked  tox- 
emia, and  that  sort  of  thing,  but  that  I  think 
is  well  worth  while  if  we  have  some  light  on 
the  other  side  to  look  forward  to.  In  these 
cases  I  want  to  urge  again  the  exploratory 
laparotomy  to  see  where  we  are.  Just  a  few 
weeks  ago  we  had  four  cases  in  one  week  in 
whom  we  did  exploratory  laparotomy,  and 
three  had  extensive  liver  metastases.  I  think  it 
would  have  been  a  shame  to  put  these  patients 
through  the  radical  treatment,  which  would 
have  caused  them  great  discomfort.  There  are 
some  cases  with  the  small  early  lesions,  in 
which  the  suffering  is  not  so  marked. 

I  wish  to  congratulate  Dr.  Pfahler  on  the  use 
of  electro-coagulation,  and  this  is  one  class  of 
cases  in  which  I  think  we  should  get  ver}'  good 
palliative  results  with  a  minimum  amount  of 
discomfort. 

The  use  of  .f-rays  externally,  as  mentioned 
by  Dr.  Pancoast,  is  followed  by  us  and  we 
have  had  some  results.  In  the  group  which  we 
look  upon  as  favorable  we  have  tried  to  use 
as  much  radium  as  possible. 


PATHOLOGICAL  CLASSIFICATION  OF  THYROID  GLAND 

DISEASES  WITH  RADIUM  TREATMENT 

IN  TOXIC  GOITER* 

By  R.  E.  loucks,  M.D. 

DETROIT,   MICHIG.\N 


IN  this  day  of  distinctive  entities  it  is  abso- 
lutely essential  that  a  disease  of  certain 
glands  or  organs  should  be  classified  accord- 
ing to   the   pathological   condition   present. 


Whether  it  is  acute,  subacute,  or  chronic  is 
another  important  consideration. 

In  diseases  of  the  thyroid  gland  it  is  im- 
perative to  have  three  general  classifications 
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with  one  or  two  subgroups  following  each 
class. 

1.  Inflammations 

(a)  Acute  purulent  thyroiditis   (rare) 

(b)  Tuberculosis  of  thyroid 

(c)  Diffuse  interstitial  thyroiditis 

(d)  Interstitial    thyroiditis    as    in    pellagra 

2.  Tumors 

(a)  Carcinoma 

(b)  Carcinoma  sarcomatodes 

(c)  Sarcoma 

3.  Dystrophies 

(a)  Colloid  retention  hyperplasia 

1.  Colloid  goiter  (dift'use) 

2.  Circumscribed  colloid  adenomata 
(cystic) 

(b)  Proliferating  type 

1.  Adenoma 

2.  Fetal  adenoma 

3.  Adenoma  with  toxic  changes 

4.  Primar\-   exophthalmic   goiter  as  a 
selective  type. 

For  a  clinical  classification  of  hypo-  and 
hyperthyroidism  we  are  indebted  to  Plum- 
mer  who  groups  them  as  follows: 

1.  Hypothyroidism 

(A)  Cretinism 

(B)  'iMyxedema 

2.  Hyperthyroidis:m 

(A)  Thyrotoxic  adenoma 

(B)  Exophthalmic  goiter 

3.  Nontoxic  Enlargements 

(A)  Adenomas — nontoxic 

(B)  Adolescent  goiter 

(C)  Colloid  goiter 

As  we  are  to  discuss  the  treatment  of  the 
toxic  or  active  type  of  this  gland  it  would  be 
fitting  to  enumerate  certain  toxic  changes 
and  emphasize  the  cardiac  and  general  de- 
generations. W'hether  there  is  a  selective 
poison  to  produce  a  primary  exophthalmia 
in  one  case,  and  an  active  thyrotoxic  ade- 
noma with  exophthalmic  symptoms  in  an- 
other, we  shall  not  discuss  here. 

The  toxic  adenoma  produces  a  sequence 
of  symptoms  different  from  the  exophthal- 
mic type.  There  is  no  sudden  exacerbation 
but  a  general  increasing  chain  of  symptoms 
over  a  period  of  years,  after  the  enlargement 
of  the  gland  is  «oted.  It  may  have  started  in 
the  teens  and  existed  many  years  before  tox- 
icitv  was  observ^ed. 


Exophthalmic  goiter  with  few  exceptions 
runs  a  typical  course.  The  thyroid  gland  may 
not  show  any  enlargement,  or  a  very  slight 
one  at  first  with  mild  toxic  symptoms  which 
gradually  increase  in  severity  until  about  the 
eighth  month,  when  they  are  markedly 
worse ;  this  is  commonly  known  as  a  crisis. 
After  this  explosion  of  symptoms,  there  is  I 
improvement  with  fairly  constant  symptoms, 
until  the  end  of  the  second  year,  when  a 
second  crisis  occurs.  Hereafter  the  active 
sym.ptoms  may  subside  slightly,  or  run  an  , 
up  and  down  course.  The  individual  may  ex-  I 
ist  as  a  human  wreck  for  years,  or  the  car- 
diac and  general  degeneration  progress  so 
rapidly  as  to  cause  termination  of  life. 

The  thyroid  is  termed  the  principal  "regu- 
lator of  metabolism."  It  is  the  main  link  in 
the  chain  of  endocrinal  glands. 

The  clinical  manifestations  of  thyroid  ac- 
tivity may  be  corroborated  by  means  of  one 
of  the  metabolor  apparatus. 

The  process  of  combustion  within  the 
body  depends  upon  the  intake  of  the  essen- 
tial element,  oxygen.  The  physics  of  physi- 
ology has  standardized  this  oxidation  with 
its  output  of  carbon-dioxide  (at  a  certain 
temperature  standard  and  barometric  pres- 
sure), so  that  the  caloric  value  of  oxygen 
may  be  determined. 

With  hyperactivity  of  the  thyroid  there 
is  marked  increase  in  cellular  activity  with  a 
speedy  demand  for  larger  oxygen  consump- 
tion. To  estimate  the  rate  it  is  only  necessary 
to  measure  the  amount  of  oxygen  consumed 
in  a  given  period  of  time  and  make  your  cal- 
culations by  physiological  standards  for 
body  surface,  temperature  and  barometric 
pressure. 

This  will  give  the  number  of  calories  per 
square  meter  per  hour,  and  is  known  as  the 
"metabolic  rate."  With  forty  as  the  stand- 
ard, and  knowing  that  there  are  normal  vari- 
ations on  account  of  age,  seasonal  and  cli- 
matic variations,  an  allowance  of  10  per 
cent,  either  above  or  below,  is  recognized. 

With  hyperactivity,  the  basal  metabolic 
rate  is  increased  in  proportion  to  the  clinical 
evidence  of  toxicity.  McCaskey  says:  "The 
value  of  basal  metabolism  determinations  in 
proving  the  pathogenic  role  of  thyroid 
hyperactivity  has  been  confirmed  by  ad- 
ditional experience.  Probably  more  than  90  ' 
per   cent  of   all   cases   showing  i^ncrease   in     I 
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metaboHc  rate  are  due  to  hyperthyroidism. 
Other  endocrine  glands  play  a  small  sub- 
ordinate role". 

The  exophthalmic  type  at  first  gives  a 
slight  increase  in  blood  pressure,  which 
after  the  first  crisis,  falls  to  normal,  or  below 
normal,  and  again  increases  and  remains 
high. 

Etiology.  There  are  many  views  and  opin- 
ions on  the  cause  of  thyroid  hyperactivity. 
"Th}Toid  centers"  is  a  term  used  to  desig- 
nate certain  locations,  as  Michigan,  Minne- 
sota, and  Switzerland,  where  there  appears 
a  preponderance  of  the  disease. 

Fear,  shock  and  violent  emotions  are  fac- 
tors that  may  precipitate  an  activity,  but  fo- 
cal infections  from  tonsils,  adenoids,  duo- 
denal and  typhoid  ulcers  are  apparently  ac- 
tive causes.  Many  cases  are  associated  with 
gastric  disturbances  or  general  ptosis  of  the 
abdominal  viscera,  also  hypo-  and  hyperac- 
tivity of  other  endocrines  at  the  time  of  pu- 
berty, pregnancy  and  the  menopause. 

Syiuptoins.  It  is  unnecessary  to  go  over 
the  cardinal  symptoms  to  the  members  of 
this  society  but  I  wish  to  state  a  few  ob- 
servations. 

Look  for  an  active  thyroid  with  a  patient 
having  a  florid,  blotchy  skin,  tachycardia 
without  organic  heart  disease,  profuse  sweat- 
ing of  the  palms  of  the  hands  and  soles  of 
the  feet,  longitudinal  striae  of  the  nails,  a 
choking  or  aching  pain  above  the  sterno- 
clavicular articulation. 

Many  neurasthenics  with  low  l)lood  pres- 
sure associated  with  simple  anemia,  are 
found  to  have  a  high  basal  metabolic  rate, 
and  are  the  victims  of  slow  toxic  absorp- 
tion from  an  active  adenoma. 

Forewarning  symptoms  of  a  bad  progno- 
sis are: — 

1 .  Bulging  eyes  for  two  or  more  years. 

2.  Pale  muddy  complexion  with  edema  of 
the  extremities. 

3.  Pulse    rate    of    140    with    irregularity. 

which  is  due   to  fibrillation. 

4.  High  blood  pressure. 

5.  Emaciation    with    a    history    of    losing 

weight  rapidly. 

6.  Strong  apex  impact  with  pulsation  of 

the  intercostal  muscles  over  heart. 

7.  Cardiac  dullness,  increased  with  accentu- 

ation of  last  sound  or  both  sounds  of 
heart. 


8.  Apex  beat  counted  as  180  with  120  re- 

corded at  radial  artery  . 

9.  Urinary   symptoms   of   a    failing   heart 

muscle. 

10.  High  basal  metal jolic  rate. 

11.  Persistent  diarrhea. 

12.  Cerebral  symptoms  and  the  presence  of 

acidosis. 

13.  A  positive  \\^assermann. 

TRE.\TMEXT 

The  indications  are  only  defined  after  all 
the  facts  have  been  considered  and  the  case 
classified,  unless  some  symptomatic  relief  is 
urgent.  Commence  with  saline  elimination 
( unless  diarrhea  is  present) ,  rest  in  bed,  non- 
protein diet,  ice  bag  over  thyroid  gland  and 
precordia,  alkalines  internally  and  alkaline 
sponge  baths. 

Strontium  bromide  may  be  tried,  Cjuinine 
hydrobromide,  ergot,  ergotine  and  sodium 
cacodylate.  If  after  two  weeks  of  medica- 
tion with  hygienic  and  dietetic  measures, 
there  are  still  decided  evidences  of  thyroid 
toxemia  you  must  choose  between  surgery, 
.r-ray  and  radium. 

The  wave  of  opinion  today  among  scien- 
tific research  w^orkers,  is  that  toxic  goiter  is 
not  a  surgical  disease. 

After  some  years  of  experience  and  the  as- 
surance of  my  co-workers,  I  have  arrived  at 
the  conclusion  that  radium  is  the  treatment 
of  choice.  Aikins  of  Toronto  reported  at  the 
meeting  of  the  American  Radium  Society  at 
Xew  Orleans  last  April,  100  cases  treated 
with  wonderful  results,  and  convinced  the 
most  skeptical  of  the  merits  of  radium. 

It  is  portable,  less  exciting,  more  easily 
controlled,  does  not  produce  a  sudden  toxe- 
mia, and  results  are  more  promising  than 
with  .r-ray.  Supplement  }'Our  radium  treat- 
ment with  rest,  protein- free  diet,  ice  bag  to 
thyroid  gland  'and  at  times  to  precordia. 
Medicate  for  two  weeks  if  necessary  and  use 
alkalies  freely. 

Radium  Treatments:  Use  100  mgm.  (at 
least)  in  four  tubes,  each  tube  screened  in 
I  mm.  l)rass  and  i  mm.  gum  rubber.  The 
screened  tubes  are  placed  on  a  gauze  pad  2 
cm.  in  thickness  to  get  distance  and  protect 
the  skin.  Two  or  three  ports  are  exposed 
over  the  gland,  depending  on  the  size  of  the 
gland,  size  of  the  pad  and  the  amount  of  ra- 


758 


Thyroid  Gland  Diseases  with  Radium  Treatment  in  Toxic  Goiter 


(ip^ll^j 


Fig.  I.  Case  I.  J.  B. 


dinm   used.    The   time   of   exposure   varies 
from  eight  to  ten  hours  over  each  port. 

With  your  indulgence  I  will  give  brief 
histories  of  5  cases  treated,  with  metabolic 
readings  before,  and  monthly  readings  for 
three  months  after  treatment;  also  photo- 
graphs of  3  cases  before  and  after  treatment. 

Case  i.  (June  29,  1920).  J.  B.,  male, 
Solvay  Process  employee,  aged  twenty-nine, 
single.  Occupation,  repairman. 

Complaint.  Nervousness,  weakness  and 
loss  of  weight  together  with  enlargement  of 
neck. 

Past  and  Family  Histories.  Negative 

Present  Illness.  Entered  the  Solvay  Hos- 
pital today.  For  the  past  six  months  he  has 
been  gradually  getting  nervous.  His  neck  has 
also  gradually  increased  in  size  although  it 
was  always  large.  His  condition  grew  pro- 
gressively worse,  and  during  this  time  he 
lost  40  lbs.  in  weight. 

PHYSICAL  EXAMINATION 

^  On  admittance  he  was  so  nervous  that 
his  voice  trembled  and  his  jaw  shook.  Had 
an  alert  expectant  expression  on  face.  Eyes ; 
— Pupils  regular,  marked  exophthalmos  with 
positive  Von  Graefe  and  Stelwagon  signs, 
slight  lateral  nystagmus.  Tongue  had  a 
marked  tremor. 

Neck.  Marked  enlargement  of  both  lateral 
lobes  of  thyroid  gland. 

Heart.  Slight  enlargement.  Distinct  sys- 
tolic murmur  heard  all  over  the  precordium. 
Pulse  regular,  easily  compressible  with  a  rate 
of  130. 

Hands  and  Fingers.  Marked  Tremor. 


SUBSEQUENT  RECORD 

Blood  counts  and  urinalysis  were  made 
and  found  normal.  Wassermann  gave  a  neg- 
ative result.  Goetch  test  gave  a  positive  find- 
ing. He  was  nauseated  from  time  to  time  and 
vomited  occasionally. 

On  August  27th  (two  months),  the  super- 
ior thyroid  arteries  were  both  ligated  and 
three-fourths  of  the  right  lobe  and  one-half 
of  the  left  lobe  removed.  Temperature  varied 
from  99  to  102  F.  and  he  had  a  stormy  con- 
valescence. 

He  left  the  hospital  October  15,  1920, 
somewhat  better.  Temperature  was  occasion- 
ally 99.2  F.  with  a  pulse  rate  of  100  to  120, 
Neck  showed  evidence  of  Increasing  enlarge- 
ment. 

From  October  15  to  November  8,  1920, 
he  lived  at  home  but  was  treated  with  thy- 
roldectine. 

November  8th,  he  again  entered  the  hos- 
pital for  rest  and  a  subsequent  operation.  His 
blood  and  urine  were  again  normal.  Caloric 
value  was  found  to  be  120.  He  was  given 
a  high  carbohydrate  diet,  salt  free,  yet 
he  gradually  grew  worse.  Bromides  and  thy- 
roid residue  were  tried  but  without  results. 

On  January  31,  1921,  he  was  referred  to 
our  service. 

EXAMINATION 

Has  some  temperature  at  times.  Perspires 
considerably.  Pulse  varies  from  100  to  130. 
Systolic  blood-pressure,  142 ;  diastolic,  70. 
Blood  count:  reds  4,980,000;  whites  5,900; 
polynuclears,  50  per  cent;  small  lympho- 
cytes ;  30  per  cent;  large  lymphocytes,  19  per 
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cent ;  eosinophils  i  per  cent.  Urine,  normal. 

Upper  circumference  of  neck,  i8^ 
inches;  middle,  19  inches;  lower,  191^ 
inches.  Basal  metabolism  rate,  120. 

Heart.  Apex  directly  below  nipple;  car- 
diac dullness,  extends  toward  the  left;  dis- 
tinct systolic  (mitral)  murmur  carried  to- 
ward the  axilla. 

The  pulse  and  heart  sounds  are  character- 
istic of  cardiac  change  besides  the  endocar- 
ditis. 

Diagnosis.  Exophthalmic  hyperthyroidism 
of  an  old  adenoma.  2.  Chronic  myocarditis. 
3.  Chronic  endocarditis. 

Prognosis.  Control  toxicity.  Relieve  work 
on  heart  and  restore  compensation.  Reduce 
thyroid  enlargement. 

Treatment.  Was  given  220  mgm.  radium 
in  six  tubes.  Each  tube  screened  in  i  mm. 
brass  and  i  mm.  gum  rubber,  all  placed 
on  a  gauze  pad  2  cm.  thick  and  held  over 
right  lobe  of  thyroid  for  ten  hours,  and  then 
over  left  lobe  for  ten  hours. 

March  Tst.  Eyes  less  prominent,  thyroid 
smaller,  softer,  and  does  not  cause  tracheal 
pressure.  Apex  beat  to  right  of  nipple.  Ra- 
dial pulse  and  apex  beat  each  88.  Systolic 
blood-pressure,  122;  diastolic,  60.  Metabolic 
rate,  68.4281. 

B.\SAL  Metabolism — March  S,  1921. 

Time     Reading     Baroin.     Temp.     Tleinht       U^eic/hf 
10:14       5-mo  cc.      29.03  20         5:05^/4  150 

io:.?o       2650  cc.      29.03  20 

06  mill.    2S00  cc.      .ro7    Temp.  Centitjrade.  4.85  Cal- 
I  hr.      2S000  cc.       ories  per  liter  oxyeen.  1.8  Body 
surface.  (Dii  Bois  Chart") 

April  8th.  Upper  circumference  of  neck, 
17  Inches;  middle,  17^/  inches;  lower,  18 
inches.  Pulse  00.  Svstolic  blood-pressure, 
130;  diastolic,  70.  Metabolic  rate,  53.7649. 

Basal  Metabolism — April  8,  1921. 

Time     Reading     Barom.     Temp.     Height       Weight 
10:30      6200  cc.       2011  20  5:05^  150 

10:36      4000  cc.       29.11  20 

06  min.    2200  cc.       .Q07  Temp.  Centi,c;rade.  4.85  Cal- 
I  hr.      22000  cc.       ories  per  liter  oxygen.   1.8  Body 
surface.  (Du  Bois  Chart) 

Two  weeks  following  the  first  treatment 
he  was  better  and  had  his  clothes  on.  Was 
out  of  the  hospital  in  four  weeks  and  re- 
sumed work  in  the  factory  in  six  weeks.  His 


eyes  are  less  prominent;  tongue  and  fingers 
more  steady ;  tachycardia  less.  No  nausea 
since  the  first  week. 

Recommended  a  second  treatinent.  Was 
given  280  mgm.  with  the  same  screening  and 
for  the  same  time  as  on  January  31st. 

May  loth.  All  symptoms  better.  Pulse  80. 
Systolic  blood-pressure,  120;  diastolic,  70. 
Metabolic  rate,  56.766,  which  is  a  few  points 
above  April  8th  reading,  and  due  to  treat- 
ment four  weeks  ago. 

Basal  Metabolism— May  7,  1921. 

Time    Reading    Barom.     Temp.    Height      Weight 
10:49      6400  cc.      29.24         19         5:05^  151 

10:55      4100  cc.      29.24         19 

06  min.    2300  cc.       .916  Temp.  Centigrade.  4.85  Cal- 
I  hr.     22300  cc.      ories  per  liter  oxygen.  1.8  Body 
surface.  (Du  Bois  Chart) 

Case  ii.  (March  9,  1921).  S.  R.,  female, 
aged  thirty,  married.  Occupation  housewife. 

Complaint.  Enlarged  neck  and  nervous- 
ness; duration  three  years. 

Family  History.  Negative. 

Personal  History.  Enjoyed  good  health 
until  three  years  ago.  Menstruated  at  eight- 
een years;  always  regular.  Is  the  mother  of 
two  living  children,  one  six  and  the  other 
four  years  of  age. 

Three  years  ago  she  complained  of  pain 
around  her  heart  and  between  her  shoulders 
with  loss  of  voice.  She  is  disinclined  to 
work ;  has  difficulty  in  breathing  and  on  go- 
ing up  stairs ;  perspires  freely,  has  lost  nearly 
all  of  her  hair;  is  very  nervous;  appetite 
poor  and  sleeps  very  little.  She  has  indiges- 
tion and  constipation  and  falls  down  occas- 
ionally; is  afraid  to  stay  alone;  lost  about 
fourteen  pounds  in  weight. 

PHYSICAL  EXAMINATION 

Radial  pulse  rate,  100.  Apex  rate,  160. 
Systolic  blood-pressure,  180;  diastolic  90. 
Upper  circumference  of  neck,  15^  inches; 
middle,  16  inches;  lower  16V2  inches. 
Weight,  158  lbs.  Metabolic  rate,  88.8282. 

Basal  Metabolism — March  7,  1921. 

Time    Reading    Barom.     Temp.     Height      Weight 
10:55      5600  cc.      29.31         20         5:07^  153 

II  :oi       2000  cc.       29.31  20 

06  min.    3600  cc.       .913  Temp.  Centigrade.  4.85  Cal- 
I  hr.      36000  cc.       ories   per   liter  oxygen.  1.8  Body 
surface.  (Du  Bois  Chart) 
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Fig.  2.  Case  IV.  S.  H 
B.ASAL  Metabolism — March  31,  1921. 


Time     Reading 
10:45      5800  cc. 
10:57      3200  cc. 
06  min.    2600  cc. 
I  hr.      26000  cc. 


Height       Weight 
5 10734       1481/' 


Varolii.     Temp. 
29.22  21 

29.22  21 

.910  Temp.  Centigrade.  4.85  Cal- 
ories per  liter  oxygen.  1.8  Body 
surface.   (Du  Bois  Chart) 


Skin  Ijlotchy  and  moist.  Perspires  so 
freely  that  adhesive  tape  would  not  hold. 
Tongue  tremulous.  Thyroid  enlarged  with 
the  right  lobe  larger  than  the  left. 

Pulsation  seen  along  the  great  vessels  of 
the  neck  and  a  bruit  heard  over  the  left  lobe 
of  the  thyroid. 

Anterior  left  chest  heaving  with  every 
heart  beat  and  pulsation  seen  between  the 
ribs  overlvinsi-  the  heart.   Heart   sounds   so 


rapid  that  it  was  hard  to  distinguish  a  mur- 
mur at  the  apex  which  was  referred  toward 
the  left  axilla. 

Fingers  crooked  in  a  flexed  position  with 
a  marked  tremor  on  extension.  Nails  of  a 
poor  quality  and  striated. 

Diagnosis.  Exophthalmic  hyperthyroidism 
(having  passed  the  second  crisis). 

Prognosis.  Control  the  toxic  symptoms 
and  lessen  heart  activity,  and  thus  make  her 
more  comfortable  and  prolong  life. 

Treatment.  Was  given  180  mgm.  of  ra- 
dium in  six  tubes,  each  screened  in  i  mm. 
brass  and  i  mm.  gum  rubber.  Made  into  a 
gauze  pad  2  cm.  in  thickness  and  applied 
over  each  lobe  of  the  thyroid  for  ten  hours ; 
total  of  twenty  hours. 


Fig.  3.  Case  VI.  G.  G. 
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March  jist.  Three  weeks  after  treatment  her 
metabolic  rate  was  63.7505. 

April  30th.  Apex  heart  beat,  120.  Systolic 
blood-pressure,  160;  diastolic  80.  Upper  cir- 
cumference of  neck,  14^  inches;  middle, 
153^  inches;  lower  15^  inches.  Weight, 
149^  lbs.  Metabolic  rate,  59.6556. 

Basal  METAsoLiSM^April  30,  1921. 

Time     Reading     Barom.     Temp.     Height       Weight 
10:24      6575  cc.       29.31         20         5:07^       isaVz 
10:30      4150  cc.      29.31         20 

06  min.    2425  cc.       .913  Temp.  Centigrade.  4.85  Cal- 
I  hr.      24250  cc.       cries  per   liter   oxygen.  1.8  Body 
surface.  (Du  Bois  Chart) 

Case  hi.  (February  16,  1921).  K.  R., 
male,  aged  seventeen,  single.  Occupation, 
farmer. 

Coin  plaint.  Shortness  of  breath  and  ner- 
vousness. 

Family  History.  Negative. 

Personal  History.  Was  well  until  thirteen 
years  of  age,  when  he  complained  of  head- 
aches and  a  cough.  Had  eyes  examined  and 
wore  glasses  without  relief. 

Was  compelled  to  leave  school  when  fif- 
teen years  of  age.  Had  influenza  which  af- 
fected his  heart  so  that  it  has  been  giving 
trouble  ever  since. 

Last  June  had  an  appendiceal  abscess 
which  ruptured  and  was  afterwards  surgi- 
cally drained.  Made  a  good  recovery  but  has 
an  abdominal  hernia.  The  rest  in  bed  at  the 
hospital  improved  his  nervous  condition. 


Metabolic  rate,  83.8998.  Upper  circumfer- 
ence of  neck,  15^  inches;  middle,  15^^^ 
inches;  lower  16  inches. 

Diagnosis.  Exopthalmic  hyperthyroidism 
clinically  caused  by  influenza  infection  and 
subsequently  rekindled  by  pus  from  an  ap- 
pendicular abscess. 

Treatment.  Was  given  220  mgm.  of  ra- 
dium in  six  tubes,  each  tube  screened  in  1 
mm.  brass  and  imm.  gum  rubber,  all  laid  on 
a  gauze  pad  2  cm.  in  thickness  and  held  over 
right  lobe  of  thyroid  for  ten  hours,  then 
over  the  left  lobe  for  eight  hours. 

March  28th  (forty  days  following  the 
treatment).  Metabolic  rate,  77.2382. 

Basal  Metabolism — March  26,  1921. 

Time    Reading    Barom.     Temp.     Height      Weight 

3 :58      6000  cc.      29.71         22         5  :o8^  143 

4:04      2800  cc.      29.71         22 

06  min.    3200  cc.       .919  Temp.  Centigrade.  4.85  Cal- 

I  hr.      32000  cc.       ories  per  liter  oxygen.   1.8  Body 

surface.  (Du  Bois  Chart) 

May  20th.  His  eyes  are  normal  in  appear- 
ance. Complains  of  no  cardiac  pain  or  dis- 
tress on  exertion.  Has  no  sweating,  and  in 
fact  his  thyroid  symptoms  are  negative. 

Pulse  rate,  82.  Systolic  blood-pressure, 
126;  diastolic  86.  Weight,  143  lbs.  Metabolic 
rate,  44.1350.  Upper  circumference  of  neck 
iAtYa  inches;  middle,  14^  inches;  lower,  15 
inches. 


PHYSICAL  EXAMINATION 

Eyes  prominent,  right  eye  more  than  the 
left.  Thyroid  area  of  the  neck  full  and  bulg- 
ing. Tonsils  not  enlarged  but  red,  and  have 
many  crypts. 

Chest.  Precordial  pulsation.  Apex  beat 
slightly  toward  the  left.  Second  heart  sound 
accentuated  but  no  murmur  detected.  Radial 
beat,  96;  apex  beat,  112. 

Fine  tremor  of  fingers  on  extension  with 
longitudinal  striae  of  nails.  Systolic  blood- 
pressure,  148;  diastolic,  90.  Weight,  150  lbs. 

Basal  Metabolism —  February  17,  1921. 

Time    Reading    Barom.     Temp.     Height      Weight 
10:15      6000  cc.      29.34         20         5 -08/4  150 

10:21       2400  cc.      29.34         20 

06  min.    3600  cc.         .913  Temp.  Centigrade.  4.85  Cal- 
I  hr.      36000  cc.       ories  per  liter  oxygen.  1.9  Body 
surface.  (Du  Bois  Chart) 


Basal  Metabolism — May  21,  1921. 


Time    Reading    Barom.     Temp.    Height      Weight 


5:08^ 


142 


10:18      6400  cc.      29.54         23 
10 :24      4600  cc.       29.54         23 

06  min.    1800  cc.       .910  Temp.  Centigrade.  4.85  Cal- 
I  hr.      18000  cc.      ories  per  liter  oxygen.  1.8  Body 
surface.  (Du  Bois  Chart) 

Case  iv.  (January  26,  1921).  S.  H., 
male,  aged  twenty- four.  Ex-service.  Occupa- 
tion, bank  clerk. 

Complaint.  Pain  in  left  chest  and  nervous- 
ness. 

Family  History.  Negative  except  that  one 
sister  was  operated  on  for  goiter. 

Personal  History.  Always  enjoyed  good 
health.  Smoked  very  little.  Appetite  good. 
Nervous  and  has  pain  in  left  side  of  chest 
on  walking  fast  or  on  excitement.  Perspires 
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freely  on  palms  of  hands  and  soles  of  feet. 

Was  in  the  service  ten  months.  When  dis- 
charged had  a  pulse  of  120.  Went  home  and 
was  under  the  care  of  his  family  physician 
for  three  weeks.  Later  examined  at  the  Ma- 
rine Hospital  and  was  sent  to  the  Shurley 
Hospital  for  treatment.  Remained  in  the  hos- 
pital nine  weeks.  Had  neck  painted  with  io- 
dine and  had  sixty-three  violet  ray  treat- 
ments of  left  chest.  Left  the  hospital  feeling 
no  better. 

Had  tonsilectomy  done  three  months  ago. 
Was  referred  to  our  service. 


PHYSICAL  EXAMINATION 

Pulse  90  to  100.  Systolic  blood-pressure, 
122;  diastolic  78.  Weight,  166  lbs.  Meta- 
bolic rate,  53.2989. 

Basal  Metabolism — January-  25,   1921. 

Time    Reading    Barom.     Temp.     Height      Weight 
io:iS      7150  cc.        29.8         21         5'0954      166^ 
10:24      4900  cc.        29.8         21 

06  min.    2250  cc        .928  Temp.  Centigrade.  4.85  Cal- 
I  hr.     22500  cc.        cries   per  hour.   1.9  Body   sur- 
^  face.  (Du  Bois  Chart) 

Upper  circumference  of  neck  163/^  inches; 
middle,  16%  inches;  lower,  17^  inches. 
Eyes  are  prominent  with  sclera  showing 
around  the  cornea  for  Ys  inch.  Tongue  trem- 
ulous. 

Heart  slightly  dilated  to  the  left  with  ac- 
centuation of  second  sound.  A  systolic  mur- 
mur heard  at  apex  which  is  referred  toward 
axilla. 

Neck  prominent  and  enlarged  over  thyroid 
gland.  The  right  lobe  of  thyroid  is  soft  with 
a  small  cyst  near  the  trachea.  The  left  is  en- 
larged but  smaller  than  the  right.  The  istli- 
mus  is  also  cystic. 

The  palms  of  the  hands  are  wet  with  pers- 
piration. The  fingers  tremulous  on  extension. 

Diagnosis.  Exophthalmic  hyperthyroid- 
ism. 

Treatment:  Was  given  180  mgm.  in  four 
tubes,  each  screened  in  i  mm.  brass  and  i 
mm.  gum  rubber.  The  tubes  were  laid  on  2 
cm.  of  gauze  as  a  pad,  and  held  over  the 
right  and  left  lobes  of  thyroid  for  ten  hours 
each. 


Basal  Metabolism — February  25,  1921. 

Time    Reading    Barom.     Temp.     Height      Weight 
10:16      5200  cc.      29.21  17         5:09^  167 

10:21       2650  cc.      29.21  17  j 

05  min.    2550  cc.       .922  Temp.  Centigrade.  4.85  Cal-       1 
I  hr.      30600  cc.       ories  per  Hter  oxygen.  2.0  Body 
surface.  (Du  Bois  Chart) 

Four  weeks  after  the  treatment  of  Febru-  ' 
ary  25th,  his  metabolic  rate  was  68.4170,  an 
increase  of  fifteen  calories,  which  goes  to 
prove  that  from  the  third  to  the  fifth  week 
after  the  treatment  there  is  an  increase  in 
metabolism.  Yet  he  was  able  to  return  to  his 
bank  position  two  weeks  after  tlie  treatment. 

April  8th.  He  feels  perfectly  well.  Has 
none  of  his  former  symptoms.  The  eyes  are 
less  prominent  and  the  neck  measurements 
have  decreased  from  i  to  i  ^  inches.  Caloric 
value  found  39.4908. 

Basal  Metabolism — April  8,  1921. 

Time    Reading    Barom.     Temp.     Height      Weight 
10:06      6200  cc.      29.12         20         5:0954       167^ 
10:12      4450  cc.      29.12         20 

06  min.    1750  cc.       .907  Temp.  Centigrade.  4.85  Cal- 
I  hr.      17500  cc.      ories  per  hter  oxygen.  2.0  Body 
surface.  (Du  Bois  Chart) 

May  14th.  Caloric  value  found  31.585. 
Metabolic  rate  31.38  today,  which  is  only 
ten  weeks  since  the  treatment. 

Basal  Metabolism — May  14,   1921. 

Time    Reading    Barom.     Temp.     Height      Weight 
10 :04      5500  cc.        29.3  19         5  :o9^       i66>4 

10:10      4150  cc.        29.3         19 

06  min.    1350  cc.        .910  Temp  Centigrade.  4.85  Cal- 
I  hr.       13500  cc.        ories  per  liter  oxygen.  I  .g  Body 
surface  (Du  Bois  Chart) 

Case  V.  N.  L.,  female,  January  24th, 
1921.  Aged  thirty-nine,  married.  Occupa- 
tion, housewife. 

Complaint.  Nausea,  vomiting  and  weak- 
ness ;  duration,  four  years.  I 

Family  History.  Negative. 

Personal  History.  As  a  child  enjoyed  good 
health.  Menstruated  at  fourteen  years.  Has 
always  been  regular.  Is  the  mother  of  two 
children,  one  nineteen  and  the  other  fifteen 
years  of  age.  Had  four  miscarriages.  Meno- 
pause at  thirty-five. 

Has  had  diarrhea  off  and  on  for  the  past 
eleven  years.  Used  to  faint  and  have  dizzy 
spells  and  lose  her  voice  at  times.  Troubled 
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with  headaches ;  is  disinclined  to  work ;  per- 
spires freely;  is  extremely  nervous,  cries 
easily  and  wants  to  be  alone. 

Two  years  ago  had  a  partial  lobectomy 
performed.  Has  lost  over  twenty  pounds  in 
weight  since  last  November.  All  her  symp- 
toms have  greatly  increased  until  now  she  is 
a  nervous  and  physical  wreck. 

PHYSICAL  EXAMINATION 

Radial  pulse,  130.  Apex  beat,  150.  Sys- 
tolic blood-pressure,  150;  diastolic,  90.  Up- 
per circumference  of  neck  13^4  inches;  mid- 
dle, 14  inches;  lower,  15^  inches.  Weight, 
118  lbs.  Metabolic  rate,  167.6887. 

Basal  Metabolism — January  24,    1921. 


held  over  the  left  lobe  of  thyroid  for  eight 
hours  then  over  the  right  lobe  for  ten  hours ; 
total  of  eighteen  hours. 

May  Tp,  ip2i.  Patient  is  able  to  be  around 
and  attend  to  all  her  housework.  Has  no 
nausea  or  vomiting,  sleeps  well,  has  a  good 
appetite  and  gained  12  lbs.  in  weight. 

All  of  the  symptoms  have  decreased  in 
severity  even  to  the  eye  prominence. 

Four  months  ago  she  was  confined  to  the 
bed  while  today  she  walked  into  the  office. 

Radial  pulse  and  heart  beat,  120.  Systolic 
blood-pressure,  80.  Upper  circumference  of 
neck  12^  inches;  middle,  13^  inches; 
lower,  143/2  inches.  Weight,  130^  lbs. 
Metabolic  rate,  87.8069. 

Basal  Metabolism — May  20th.,  192 1. 


■Time    Reading    Barovi.     Temp.    Height      Weight        Time    Reading    Barom.     Temp.    Height      Weight 


10:45  7000  cc. 
10:50  2000  cc. 
5  min.  5000  cc. 
I  hr.     60000  cc. 


29-13         15         5:075^  120 

29-13         15 

.922  Temp.  Centigrade.  4.85  Cal- 
ories per  liter  oxygen.  1.6  body 
surface.  (Du  Bois  Chart) 


She  has  a  frightened  anxious  expression 
with  both  eyes  bulging.  The  right  worse  than 
the  left.  Skin  blotchy  and  muddy  looking, 
with  many  pimples  on  face  and  shoulders 
which  may  be  due  to  bromides.  Tongue 
tremulous,  both  thyroid  lobes  enlarged  and 
cystic. 

Chest.  Pulsation  with  every  heart  beat; 
atrophy  of  intercostal  muscles. 

Heart  enlarged  in  all  directions.  A  distinct 
systolic  murmur  heard  at  apex  which  is  re- 
ferred toward  the  axilla  and  upward  to  the 
left  second  intercostal  articulation;  murmur 
of  a  rough  grating  type  that  would  suggest 
myocardial  as  well  as  endocardial  change. 

There  is  extreme  muscular  atrophy  of 
arms  and  limbs.  Fingernails  brittle  and  with 
longitudinal  striae.  Fingers,  hands  and  arms 
in  extreme  tremor  on  extension.  Has  edema 
of  both  ankles.  Can  only  walk  a  few  steps  at 
a  time.  Been  confined  to  bed  for  some  weeks. 

Diagnosis.  Exophthalmic  hyperactivity  of 
an  old  thyroid  adenoma..  Much  degeneration 
of  all  important  organs  and  glands. 

Prognosis.  Lessen  toxicity  and  activity, 
and  make  her  more  comfortable. 

Treatment.  Was  given  180  mgm.  radium 
in  six  tubes,  each  screened  in  with  i  mm. 
brass  and  i  mm.  gum  rubber  and  made  into 
a  gauze  pad  2  cm.  in  thickness  which  was 


10:20     7600  cc.     29.54       21        S'ojy^     1303/2 
10:15     4800  cc.     29.54       21 

05  min.    2800  cc.      .916  Temp.  Centigrade.  4.85  Cal- 
I  hr.     33600  cc.      ories  per  liter  oxygen.  1.7  Body 
surface.  (Du  Bois  Chart) 

CONCLUSIONS 

1.  The  systolic  blood-pressure  is  lowered 
in  those  cases  with  a  high  blood-pressure 
where  the  degeneration  of  the  heart  and  kid- 
neys has  not  become  permanent. 

2.  The  blood-pressure  is  raised  in  those 
where  compensation  is  reestablished. 

3.  In  those  cases  with  a  metabolic  rate 
around  80  it  was  lowered  for  the  first  two 
weeks;  raised  for  the  third  and  fourth 
weeks,  and  then  gradually  decreased  for  the 
next  few  months. 

4.  In  those  with  a  metabolic  rate  above 
100  with  broken  compensation  it  gradually 
decreased  after  the  third  week. 

5.  The  metabolic  rate  was  found  to  be 
normal  in  many  very  active  cases  three 
months  after  treatment. 

6.  Metabolism  being  the  standard  of  toxic 
activity,  the  rate  measurement  will  verify 
clinical  findings,  prove  results  of  treatment, 
and  show  a  physiological  indication  for  fu- 
ture measures. 

DISCUSSION 

Dr.  W.  H.  B.  AiKEXs.  Dr.  R.  E.  Loucks,  in 
his  paper  and  demonstration,  has  given  us  a 
valuable  contribution  to  the  advance  made  in 
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treating  h^-perthyroidism  with  radium,  and  one 
cannot  speak  too  highly  of  the  value  of  radium 
in  toxic  goiter. 

I  agree  thoroughly  with  the  reader  of  the 
paper  that  hyperthyroidism  and  toxic  adeno- 
mata should  no  longer  be  regarded  and  classed 
as  a  surgical  diseases,  as  the  nervous  and 
heart  symptoms  are  in  no  way  conducive  to 
successful  operation.  Radium  treatment  is  not 
accompanied  by  the  risks  and  horrors  of  opera- 
tion. But  if,  for  cosmetic  reasons,  following 
the  disappearance  of  the  toxic  symptoms,  an 
operation  is  insisted  upon  by  the  patient,  the 
fact  that  the  radium  has  been  used  does  not 
materially  increase  the  surgical  removal, 
though  a  good  deal  of  fibrosis  may  have  oc- 
curred and  some  firm  adhesions  may  have  been 
formed. 

It  may  be  interesting  to  note  that  eight  years 
ago  I  read  a  paper  in  Toronto  on  this  subject 
and  Dr.  Loucks  was  good  enough  to  come  over 
and  hear  it.  It  was  suggested  that  it  might  be 
well  to  have  the  men  meet  who  were  taking  a 
deep  interest  in  radium  therapy.  The  first  con- 
structive meeting  was  held  in  Detroit,  when  it 
was  decided  to  form  a  radium  society.  A  com- 
mittee was  appointed  to  frame  a  constitution, 
which  later  in  the  year,  was  adopted  at  a  meet- 
ing in  Philadelphia.  I  would  not  say  that  the 
subject  of  hyperthyroidism  was  the  incentive 
to  the  formation  of  the  American  Radium  So- 
ciety but  it  certainly  helped  to  bring  it  about. 

As  to  the  dose  administered,  I  believe  in 
moderation,  and  am  glad  to  learn  through  cor- 
respondence with  Dr.  Pfahler  that  he  views  the 
smaller  doses  as  being  efficient.  I  know  of  one 
case  where  about  4,000  milligram-hours  were 
administered,  the  result  being  apparently  an 
entire  obliteration  of  the  thyroid  gland  with 
unfortunate  after-results,  as  myxedema  super- 
vened and  thyroid  tablets  are  now  being  used. 

Dr.  George  E.  Pfahler.  I  have  read  Dr. 
Aiken's  article  and  have  had  considerable 
correspondence  with  him  and  think  I  can 
agree  with  the  things  he  says  and  the 
things  that  Dr.  Loucks  has  referred  to.  I 
have  had  more  experience  in  the  treatment  of 
these  cases  with  ;r-rays,  and  as  a  rule  I  treat 
the  patients  who  are  able  to  come  to  my  office 
with  .r-rays  because  I  can  get  through  with 
them  and  get  them  out  and  I  have  had  excellent 
results.  The  patients  who  are  bedfast  and  must 
stay  in  the  hospital  can  afford  to  be  treated 
there  with  radium,  with  equally  good  results — 
sometimes  superior.  In  one  case  I  was  unable 
to  influence  the  growth  with  .r-rays,  but  got  an 
excellent  result  from  radium. 

I  would  like  to  emphasize  the  importance  of 


getting  rid  of  focal  infection  in  the  teeth,  ton- 
sils, sinuses,  and  even  in  the  gall-bladder  and 
appendix.  In  one  patient  in  whom  I  was  not 
getting  any  response  from  radium  we  searched 
everywhere  for  focal  infection  and  finally  she 
had  a  definite  group  of  symptoms  pointing  to 
the  appendix.  She  then  gave  us  a  history  that 
she  had  not  given  previously.  You  must  all 
realize  how  often  patients  do  not  give  us  all 
the  history.  This  patient  then  told  me  about  the 
symptoms  which  pointed  to  involvement  of  the 
appendix  for  at  least  six  years.  The  appendix 
was  operated  upon,  a  pus  tube  found,  and  she 
then  began  to  improve.  I  have  had  some 
cases  in  which  I  got  no  result  until  I  had  ab- 
scesssed  teeth  removed.  Now  I  make  it  a  rule 
to  examine  the  teeth  of  every  patient  who 
comes  to  the  office  for  treatment,  and  if  they 
do  not  have  the  teeth  removed  as  I  recommend 
they  drag  along  and  not  much  is  accomplished 
until  they  do  this. 

I  have  used  radium  needles  as  surface  appli- 
cations rather  than  the  larger  capsules  because 

1  can  get  a  wider  and  more  even  distribution 
over  the  tumor  tissue.  It  is  a  mere  matter  of 
determining  how  much  to  use.  I  have  been 
using  10  mgm.  each,  filtered  through  the  thick- 
ness of  the  needle  plus  a  millimeter  of  brass, 
and  placed  about  i  cm.  apart  at  a  distance  of 

2  cm.  through  cotton,  and  I  have  used  them 
for  from  eight  to  sixteen  hours.  I  noticed  in 
Dr.  Aiken's  article  he  prefers  to  use  smaller 
amounts  of  radium  and  longer  periods. 

I  was  rather  surprised  to  hear  Dr.  Loucks 
say  he  used  200  mgm.  on  one  side  and  then  on 
the  other.  I  have  seen  bad  results  from  too 
much  radium  at  the  first  application  and  would 
be  afraid  to  use  it  in  that  quantity. 

Dr.  John  Lincoln  Bower.  I  just  wish 
to  cite  a  little  experiment  carried  oiit  in 
the  thyroid  of  the  dog.  A  needle  was  in- 
serted and  the  gland  was  removed  at  the 
end  of  two  weeks  and  showed  practically 
no  results  except  possibly  the  atrophy  of  the 
nucleus,  which  we  observed  in  the  metastatic 
glands.  This  was  increased,  and  the  glands  re- 
moved at  the  end  of  two  weeks  showed  a  be- 
ginning fibrosis. 

Dr  Albert  Soiland.  It  is  a  pleasure  to 
listen  to  such  a  paper  as  that  of  Dr.  Loucks, 
and  when  we  can  get  the  ocular  evidence 
he  shows,  I  think  it  is  distinctly  worth 
while.  I  had  the  pleasure  of  presenting  a  paper 
on  a  similar  series  before  the  Radiological  So- 
ciety of  North  America  last  year,  and  my  re- 
sults were  much  like  his.  We  have  to  be  careful 
in  treating  adenomata ;  the  surgeons  will  get 
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after  us  if  we  try  to  treat  these,  but  the  metab- 
oHsm  test  is  doing  much  for  us  in  determining 
when  our  agents  are  demanded.  We  are  now 
treating  a  series  of  cases,  which  are  being  sub- 
jected to  monthly  metabohc  tests.  We  are  go- 
ing to  keep  an  accurate  record  and  hope  to 
present  a  tabulation  of  these  cases  at  the  next 
meeting. 


Dr.  R.  E.  Loucks.  (closing  the  discus- 
sion). I  only  wish  to  comment  on  the  point 
regarding  focal  infection.  I  think  I  em- 
phasized the  importance  of  removing  any  focal 
infection.  One  of  the  case  reports  I  did  not 
read  was  interesting.  A  man  had  a  severe  in- 
fection which  left  him  with  a  bad  heart.  He 
had  to  leave  school  and  later  developed  an  ap- 
pendiceal abscess  which  ruptured  and  had  to 
l)e  drained  surgically.  At  that  time  his  thyroid 
}2[land  was  badly  affected  and  he  was  treated. 
He  had  a  metabolic  rate  of  80,  but  after  one 


radium  treatment  it  was  only  38.  We  know 
that  focal  infection  is  the  thing  to  get  after. 

As  to  the  dosage  given,  I  think  it  is  as 
nearly  correct  as  it  is  possible  to  get  it.  I 
thought  from  lOO  to  200  mgm.  for  eighteen  or 
twenty  hours  was  about  right.  Do  not  use  the 
same  amount  of  hours  because  I  or  anybody 
else  said  so,  but  use  your  judgment.  Increase 
your  alkalinity  as  you  go  along,  by  giving 
sodium  bicarbonate  and  more  sugar.  The 
blood  chemistry  and  urinalysis  we  learned 
were  of  small  significance  in  the  hyperthyroid- 
ism, unless  you  have  a  decompensated  heart, 
with  a  kidney  involvement. 

I  think  a  man  who  has  had  experience  will 
not  over-dose  his  cases  as  Dr.  Aikens  spoke  of. 
You  have  to  use  judgment.  We  know  that  a 
blonde  individual  will  not  stand  as  much  ra- 
diation as  a  brunette.  If  you  get  a  radial  pulse 
of  80  and  an  apex  beat  of  180,  that  tells  you 
something.  When  you  get  a  heart  muscle  of 
that  kind  you  must  not  overload  those  people. 


AMERICAN  LITERATURE  ON   RADIUM  AND  RADIUM 
THERAPY  PRIOR  TO  1906* 

By  CARROLL  CHASE,  M.D. 

BROOKLYN,  XEW   YORK 


VERY  soon  after  the  discovery  of  radium 
by  Professor  and  Madame  Curie  in 
1898,  certain  of  the  medical  profession  be- 
came interested  in  the  therapeutic  possibil- 
ities of  this  newly  discovered  element  and 
source  of  energy.  This  research  was  natur- 
ally promptly  reflected  in  the  medical  and 
other  scientific  journals  of  the  day. 

It  is  the  purpose  of  the  writer  in  this  ar- 
ticle to  review  only  the  early  American  ra- 
dium literature,  the  date  at  which  it  ceased  to 
be  really  "early"  having  been  arbitrarily 
fixed  as  January  i,  1906.  The  attempt  will  be 
made  to  give,  first,  a  list  of  the  books  deal- 
ing entirely  or  in  part  with  the  subject 
named  and  adding  a  very  brief  review  on 
each  of  them;  second,  an  alphabetical  list  of 
all  the  articles  that  it  has  been  possible  to 
locate  with  comment  on  certain  of  the  more 
interesting  or  important  ones;  third,  a  list 
of  certain  editorials  appearing  in  medical 
journals,  though  this  is  farther  from  being 
complete  than  the  first  and  second  parts.  It  is 
sure  that  these  lists  are  not  complete  al- 
though all  the  sources  at  the  command  of  the 
writer  have  been  searched.  Corrections  and 
additions  will  be  much  appreciated  as  it  is 
my  hope  ultimately  to  compile  as  nearly 
complete  a  bibliography  of  the  subject  as  is 
possible  in  both  English  and  French.  I  be- 
lieve that  this  article  covers  a  field  a  little 
different  than  has  hitherto  been  attempted. 
Although  it  is  only  a  little  over  twenty  years 
since  radium  began  to  be  employed  in  medi- 
cine, the  literature  is  already  surprisingly 
extensive. 

Because  of  the  very  remarkable  physical 
properties  of  radium,  and  the  fact  that  its 
discovery  compelled  the  revision  of  previ- 
ously existing  notions  regarding  the  compo- 
sition of  matter,  the  structure  of  the  mole- 
cule and  atom  and  the  relation  of  electricity 
to  matter,  it  is  not  surprising  to  find  that 
physicists  and  physicians  worked  hand  in 
hand  in  treating  the  earliest  cases.  Among 


the  American  physicists  most  worthy  of 
mention  are  Dr.  William  Rollins  of  Boston, 
probably  the  first  American  to  suggest  ra- 
dium as  a  therapeutic  agent,  William  J. 
Hammer  of  New  York,  Professor  Charles 
Baskerville,  now  of  the  College  of  the  City 
of  New  York,  Dr.  George  F.  Kunz  of  New 
York,  Professor  P.  G.  Pegram  of  Columbia 
University  and  Professor  John  Trowbridge 
of  Yale  University.  This  list  could  be  ex- 
tended, but  perhaps  includes  the  American 
physicists  most  interested  in  the  therapeutic 
possibilities  of  radium.  While  speaking  of 
physicists  it  might  be  added  that  some  of 
their  very  early  prophecies  have  turned  out 
to  be  most  accurate.  Further  mention  will  be 
made  of  this  in  discussing  some  of  their  ar- 
ticles. At  the  same  time  a  letter  written  by 
Alexander  Graham  Bell,  inventor  of  the  tele- 
phone, published  in  American  Medicine, 
Philadelphia,  August  15,  1903,  p.  261,  seems 
worthy  of  reproduction  in  full.  It  is  as 
follows : 

THE  USES  OF  RADIUM 

To  the  Editor  of  American  Medicine: 

It  has  occurred  to  me  that  perhaps  you  would 
care  to  publish  the  enclosed  letter,  and  thus 
Start  some  one  experimenting  with  the  radium 
rays  in  the  manner  suggested. 

(Signed)  Z.  T.  Sowers. 
Dear  Dr.  Sowers: 

1  understand  from  you  that  the  roentgen 
rays  and  the  rays  emitted  by  radium  have  been 
found  to  have  a  marked  curative  effect  upon 
external  cancers,  but  that  the  effects  upon 
deep  seated  cancers  have  not  thus  far  proved 
satisfactory. 

It  has  occurred  to  me  that  one  reason  for  the 
unsatisfactory  nature  of  these  latter  experi- 
ments arises  from  the  fact  that  the  rays  have 
been  applied  externally,  thus  having  to  pass 
through  healthy  tissues  of  various  depths  in 
order  to  reach  the  cancerous  matter. 

The  Crookes'  tube,  from  which  the  roent- 
gen rays  are  emitted  is,  of  course,  too  bulky 
to  be  admitted  into  the  middle  of  a  massive 
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cancer,  but  there  is  no  reason  why  a  tiny  frag- 
ment of  radium  sealed  up  in  a  fine  glass  tube 
should  not  be  inserted  into  the  very  heart  of 
a  can<cer,  thus  acting  directly  upon  the  dis- 
eased material.  Would  it  not  be  worth  while 
making  experiments  along  this  line? 

(Signed)  Alexander  Graham  Bell. 

(reply) 

Dear  Mr.  Bell: 

The  suggestion  which  you  make  in  regard 
to  the  application  of  the  radium  rays  to  the 
substance  of  deep-seated  cancer  I  regard  as 
very  valuable.  If  such  experiments  should  be 
made  I  have  no  doubt  they  would  prove  suc- 
cessful in  many  cases  in  which  we  now  have 
failures. 

(Signed)  Z.  T.  Sowers,  M.D. 

The  study  of  the  early  literature  has  some 
value  other  than  its  purely  historical  interest, 
as  it  gives  the  student  a  certain  perspective 
that  is  difficult  to  obtain  otherwise.  It  is 
needless  to  say  that  the  gradual  development 
of  the  present  methods  of  technique  is  in- 
tensely interesting.  In  looking  backward  it 
may  be  seen  that  the  early  therapists  devel- 
oped a  technique  which  is  not  so  different 
from  that  of  today,  in  a  remarkably  short 
space  of  time,  even  though  the  modern  use 
of  the  emanation  was  not  known. 

It  is  rather  strange  in  going  over  the 
list  of  early  writers  to  find  the  names  of 
but  three  men  who  are  now  members  of 
the  American  Radium  Society, — Dr.  Robert 
Abbe,  Dr.  H.  N.  McCoy  and  Dr.  Rollin  H. 
Stevens, — ^although  it  is  evident  from  the  dis- 
cussion of  some  of  these  early  articles  that 
certain  other  members  were  interested  at 
this  period,  though  they  had  themselves 
written  nothing  for  publication. 

It  is  interesting  to  note  that  several  of  the 
earliest  references  to  radium  in  literature 
speak  of  the  possibility  of  its  use  as  an 
agent  to  take  the  place  of  the  jtr-ray  in  the 
production  of  radiographs.  Of  course,  this 
theory  was  soon  dropped. 

While  it  is  a  rather  delicate  subject  to  ap- 
proach, I  feel  fairly  sure  that  the  following 
is  a  description  of  the  first  use  of  radium  in 
this  country  as  a  therapeutic  agent.  It  should 
be  stated  that  what  is  here  written  is  based 
almost  entirely  on  what  has  been  printed, 
backed  by  a  certain  amount  of  personal  cor- 
respondence. Sometime  during  the  year  1900 


Dr.  William  Rollins  of  Boston,  who  had 
been  previously  much  interested  in  the  de- 
velopment of  the  .r-ray,  gave  to  Dr.  Francis 
H.  Williams,  also  of  Boston,  a  small  metal 
box  with  an  aluminum  front  containing 
about  500  mgm.  of  a  radium  preparation  of 
a  strength  of  about  1000.  Through  the  cour- 
tesy of  Dr.  Williams  I  am  able  to  show  you 
this  identical  package  still  intact.  I  think  you 
will  agree  with  me  that  it  is  of  decided  his- 
torical interest,  as  the  use  of  this  preparation 
by  Dr.  Williams  was  evidently  the  first  em- 
ployment of  radium  as  a  therapeutic  agent 
in  this  country,  and  I  feel  that  due  credit 
should  be  given  Dr.  Rollins  and  Dr.  Wil- 
liams for  their  truly  pioneer  work.  In  fact, 
if  positive  proof  of  earlier  work  is  not  forth- 
coming, to  these  two  men  belongs  the  fame 
of  being  the  earliest  users  in  America. 

Such  proof  as  I  have  of  this  is  as  follows: 
The  opening  paragraph  of  a  paper  by  Dr. 
Williams,  which  he  states  was  written  after 
consultation  with  Dr.  Rollins,  and  was  pre- 
sented at  the  annual  meeting  of  the  Massa- 
chusetts Medical  Society,  June  9,  1908,  says: 

"In  1900  Dr.  William  Rollins  of  Boston 
suggested  the  use  of  the  radiations  from  ra- 
dium salts  as  a  therapeutic  agent  and  put 
capsules  containing  radium  into  my  hands, 
but  the  salts  then  obtainable  were  not  power- 
ful enough  to  be  efficient.  But  to  Dr.  Rollins 
is  due  the  credit  of  being,  so  far  as  I  am 
aware,  the  first  to  realize  the  probable  value 
of  these  radiations  as  a  therapeutic  agent.'* 

A  personal  communication  from  Dr.  Wil- 
liams in  reference  to  this  subject  further 
states: 

"I  used  this  radium  in  rodent  ulcer  and  lu- 
pus, but  cannot  give  you  a  definite  date  as 
to  my  first  use  of  it.  It  was  too  weak  to  com- 
pete with  .r-rays,  although  after  some  hours'" 
application  to  the  normal  skin  it  caused  a 
redness  of  the  size  of  the  capsule.  In  the 
summer  of  1903  I  went  abroad  and  obtained 
100  mgm.  of  pure  radium  bromide,  and  a 
large  amount  of  radium  of  less  radio-activ- 
ity. On  my  return,  I  used  the  pure  radium 
bromide  with  satisfactor\^  results  and  started 
a  radium  clinic  at  the  Boston  City  Hospital." 

The  following  is  a  paragraph  from  an  ar- 
ticle entitled  "Some  of  the  Physical  Proper- 
ties and  Medical  Uses  of  Radium  Salts; 
With  Report  of  Forty-Two  Cases  Treated 
By  Pure  Radium  Bromide",   Bv  Dr.  Wil- 
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Hams,  which  appeared  in  The  Medical  Ncivs, 
February  6,  1904: 

"The  first  person,  so  far  as  I  am  aware,  to 
appreciate  that  radium  sahs  would  probably 
be  of  service  in  the  treatment  of  certain 
diseases  was  Dr.  William  Rollins,  of  Boston, 
W'ho  has  done  so  much  to  promote  the  use 
of  the  .I'-rays.  Between  two  and  three  years 
ago,  Dr.  Rollins  put  into  my  hands  a  metal 
box  with  an  aluminum  front,  containing 
some  chloride  of  radium,  with  the  sugges- 
tion that  I  use  it  for  therapeutic  purposes.  I 
did  so  employ  it,  but  at  that  time  the  radium 
to  be  had  was  weak,  and  I  did  not  obtain  def- 
inite results." 

It  was  undoubtedly  true  here,  as  has  hap- 
pened with  other  scientific  discoveries  that 
two  or  more  investigators  discovered  the 
same  fact  or  performed  the  same  original 
experiment  quite  independent  one  of  the 
others.  The  recognition  of  claims  for  early 
work  is  often  made  difficult  by  this  fact. 

The  writer  became  interested  in  radium  as 
a  therapeutic  agent  in  1903  and  treated  his 
first  case  in  November  of  that  year,  collabor- 
ating with  his  father,  the  late  Dr.  Walter  B. 
Chase.  It  sounds  rather  strange  at  this  time 
to  state  that  the  husband  of  the  patient 
treated  was  willing  to  purchase  the  tube  of 
radium  salt  that  was  used.  The  strength  of 
this  preparation  was  stated  to  be  7,000 
(7,000  times  the  radio-active  strength  of 
uranium — the  old  method  of  measurement). 
This  tube  was  purchased  from  the  patient  in 
January  1904  and  a  further  supply  of  vary- 
ing strengths  was  also  obtained.  One  of  these 
tubes  when  tested  by  modern  methods  in 
1 91 4  was  found  to  contain  but  50  micro- 
grams, that  is  to  say,  .05  mgm.  of  radium 
element.  In  spite  of  the  weakness  of  these 
preparations  it  is  now  possible  to  look  back 
and  note  that  certain  results  were  obtained. 

Strange  as  it  may  seem,  radium  literature 
is  not  without  its  humor,  though  it  is  usually 
the  unconscious  rather  than  the  conscious 
form.  In  proof  of  this  I  am  going  to  take 
the  liberty  of  quoting  literally  two  or  three 
paragraphs  of  an  article  written  in  1904. 

"Radium  is  worth  three  times  its  weight 
in  gold  ($2,700,000  a  pound) . 

"I  believe  that  radium  represents  in  its 
atoms  the  primordial  elements  of  matter 
which  God  first  charged  with  light,  when  He 
said,  'Let  there  be  light.'  In  the  aggregating 


of  these  elements  to  form  the  earth,  radium 
was  condensed  from  the  rarified  ultra-gou- 
ous  state  into  solid  masses,  and  with  an  im- 
mense amount  of  latent  heat  was  packed 
away  deep  down  in  the  mines  of  the  earth. 
So  soon  as  brought  to  the  surface,  and  the 
pressure  on  its  atoms  lessened,  the  latter  be- 
gin to  disintegrate,  and  the  internal  heat  is 
liberated.  The  particles  at  and  near  the  sur- 
face rapidly -fly  off  in  every  direction  until 
the  underlying  more  compact  part  is  reached, 
the  particles  of  which  in  their  turn  become 
gradually  detached,  and  fly  off  in  rapidly  in- 
creasing quantities.  Thus  the  atoms  in  one 
zone  after  another  undergo  disintegration 
with  the  liberation  of  energy. 

"God  created  the  primordial  elements  of 
matter  before  he  made  atoms,  and  molecules, 
and  suns,  and  moons,  and  stars;  and  God 
created  the  primordial  energy  of  motion  be- 
fore he  made  light,  and  heat,  and  electrictiy, 
and  the  other  energies. 

"In  conclusion,  I  offer  two  theories  ex- 
planatory of  the  action  of  radium: 

"The  first  is  that  radium  breaks  up  into 
infinitesimal  particles,  which  are  projected 
through  the  masses  of  other  matter  and  di- 
vide them  into  fragments  so  minute  that  they 
readily  pass  through  the  walls  of  capillaries 
into  the  blood  current,  and  are  carried  to 
the  emunctories  to  be  excreted.  This  is  the 
mechanical  theory.  The  second  is  that  the 
cutting  to  pieces  of  the  diseased  masses  by 
radium  rays  sets  up  an  irritation  to  the  tis- 
sues, causing  afflux  of  blood  and  aggrega- 
tion of  leucocytes.  The  leucocytes  pick  up 
and  carry  off  the  divided  masses.  This  is 
the  vital  theory. 

"Radium  shoots  its  myriads  of  fiery  mis- 
siles through  tumors,  indurations,  plastic  de- 
posits, etc.,  cuts  them  to  pieces  and  renders 
them  absorbable.  It  also  shoots  to  death  bac- 
teria and  protozoa  by  riddling  them  with  its 
fast-flying  projectiles  and  shattering  them 
into  a  thousand  fragments. 

"This  self-loaded  and  self-discharging  en- 
gine of  destruction  keeps  up  its  continuous 
but  noiseless  work  with  no  appreciable  evi- 
dence of  exhaustion.  Another  remarkable 
fact  is  that  the  little  projectiles  sent  out 
from  radium,  wherever  they  lodge,  explode 
and  scatter  their  fragments  in  all  directions, 
dealing  death  and  destruction  to  microbes." 

However,    despite    an    occasional    lapse 
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such  as  this,  the  general  average  of  the  arti- 
cles from  the  scientific  standpoint  is  really 
very  good.  Following  are  the  three  lists  com- 
prising ten  books,  one  hundred  and  twelve 
original  articles  and  seventeen  editorials. 

BOOKS  ON  OR  HAVING  CHAPTERS  ON  RADIUM 

OR     RADIUM     THERAPY     PRIOR     TO     I906 

AMERICAN 

Allen,  Charles  Warrenne,  M.D.,  with 
the  cooperation  of  Milton  Franklin,  M.D. 
and  , Samuel  Stern,  M.D.  Radiotherapy 
and  Phototherapy,  Including  Radium  and 
High-Frequency  Currents,  Their  Medical 
and  Surgical  Applications  in  Diagnosis 
and  Treatment.  Philadelphia,  1904. 

This  work  on  the  subjects  named  in- 
cludes a  chapter  of  31  pages  entitled 
"Radio-Activity"  in  which  radium  and  the 
other  radio-active  elements  are  discussed 
in  a  fairly  comprehensive  manner ;  although 
the  writer  says  nothing  of  any  personal  work 
along  this  line. 

Baskerville,  Charles,  Ph.  D..  Radium 
and  Radio-Active  Substances;  Their  Ap- 
plication Especially  to  Medicine.  Philadel- 
phia, 1905. 

This  is  a  very  concise  treatise  on  the  phys- 
ics of  radium,  while  one  chapter,  27  pages, 
treats  of  "The  physiological  action  of  ra- 
dio-active substances  and  their  therapeutic 
applications."  This  gives  an  excellent  sum- 
mary of  radium  therapy  up  to  1905  and  the 
accompanying  bibliography  is  very  good. 

Beck,  Carl,  M.D.  Roentgen  Ray  Diagno- 
sis and  Therapy.  New  York,  1904. 

This  book  has  a  chapter  of  five  pages  en- 
titled "Becquerel  Rays  and  Radium,"  in 
which  the  subject  is  discussed  very  briefly. 

Cleaves,  Margaret  A.,  M.D.  Light  En- 
erg)',  its  Physics,  Physiological  Action, 
and  Therapeutic  Applications.  New  York, 
1904. 

One  chapter,  57  pages,  is  devoted  to  what 
was  at  that  time  a  comparatively  complete 
treatment  of  the  subject  of  radium  and  ra- 


dium therapy.  It  includes  a  fair  bibliography 
of  the  subject. 

Cohen.  Solomon  Solis,  M.D.  (Editor) 
System  of  Physiologic  Therapeutics.  Vol- 
ume XI ;  Serotherapy,  Organotherapy, 
Bloodletting,  Radium,  etc.  Philadelphia, 
1905- 

This  volume  contains  an  article  bv  Samuel 
G.  Tracy,  B.S.  M.D.,  entitled  "Radium, 
Thorium,  and  Radioactivity",  which  covers 
33  pages  and  includes  illustrations.  The 
physics  and  the  therapy  of  radium  and  the 
allied  elements  are  very  well  discussed  con- 
didering  the  knowledge  then  available. 

Freund,  Leopold,  M.D.,  Elements  of  Gen- 
eral Radiotherapy  for  Practicioners, 
Translated  by  G.  H.  Lancashire,  New 
York,  1904. 

This  is  an  English  translation  of  a  work 
published  in  Vienna,  this  English  translation 
being  printed  in  New  York.  It  is  a  textbook 
on  radiotherapy  in  general.  One  chapter,  15 
pages,  entitled  "Becquerel-Rays,"  deals  with 
the  physics  and  therapeutics  of  radium. 

Hammer,  William  J.  Radium  and  other 
Radio-Active  Substances;  Polonium,  Ac- 
tinium, and  Thorium,  w4th  a  Considera- 
tion of  Phosphorescent  and  Fluorescent 
Substances,  the  Properties  and  Applica- 
tions of  Selenium  and  the  Treatment  of 
Disease  by  the  Ultra- Violet  Light.  New 
York,  1903. 

A  lecture  delivered  at  a  meeting  of  the 
American  Institute  of  Electrical  Engineers 
and  the  American  Electrochemical  Society, 
New  York,  April  17,  1903.  The  section  of 
the  book  on  radium  takes  up  31  pages,  and 
deals  almost  entirely  with  its  physics. 

Hampsom,  W.,  M.A.  Radium  Explained.  A 
Popular  Account  of  the  Relations  of  Ra- 
dium to  the  Material  World,  to  Scientific 
Thought  and  to  Human  Life.  New  York, 
1905. 

This  is  an  English  work  printed  in  Edin- 
burgh, but  bearing  an  American  imprint.  It 
is  a  popular  account  of  the  physics  of  radium 
and  includes  one  chapter  of  7  pages  on  "Ra- 
dium and  the  Cure  of  Disease". 


770 


American  Literature  on  Radium  and  Radium  Therapy 


HiRSHBERG,  Leonard  K.,  M.D.  The  Action 
of  Light  as  a  Therapeutic  Agent.  Provi- 
dence. 1904.  The  Fiske  Fund  Dissertation 
XLVIL 

This  is  a  pamphlet,  in  which  radium  is  dis- 
cussed incidentally,  the  remarks  on  it  cover- 
ing 7  pages.  It  includes  a  very  fair  bibliog- 
raphy. 

King,  William  Harvey,  M.D.,  LL.D. 
Static,  High  Frequency,Radio,  Photo  and 
Radium  Therapy.  New  York,  1905. 

This  is  a  general  treatise  on  the  subjects 
stated.  One  chapter  of  6  pages  deals  with 
the  physics  of  radium  and  its  emanation, 
while  another  chapter  of  9  pages  deals 
with  the  physiological  action  and  therapeu- 
tics of  radium, 
\ 
Larkin,  Edgar  L.    Radiant  Energy.   Los 

Angeles,  Cal.  1903. 

This  is  a  rather  popular  work  dealing  with 
radiant  energy — "radiant"  here  meaning,  so 
the  author  states,  "proceeding  from  a  center 
in  straight  lines  in  every  direction".  The 
mention  of  radium  and  other  radio-active 
elements  is  almost  incidental. 

Rollins,    William.    Notes    on    X-Light. 
(Privately  printed).  Boston,  Mass.,  1904. 

A  beautiful  volume,  being  a  reprint  of  the 
various  articles  by  the  author  appearing  in 
many  magazines,  during  1896  to  1904,  in- 
cluding four,  dealing  more  or  less  directly 
with  radium.  Two  of  these  articles  are  quite 
remarkable.  One  of  them,  "Radio-Active 
Substances  in  Therapeutics"  {Bost.  M.  &  S. 
J.,  January  23,  1902),  is  perhaps  the  first 
American  article  dealing  with  radium  as  a 
therapeutic  agent.  It  is  short  and  of  sufficient 
interest  to  quote  in  its  entirety. 

"During  the  year  1900  I  made  experi- 
ments with  radio-active  substances  hoping 
to  find  a  substitute  for  .r-light.  I  found  that 
some  of  the  radiations  retained  their  activity 
after  passing  through  animal  tissues  as  thick 
as  the  body  of  a  guinea  pig.  I  was  so  convin- 
ced of  the  value  of  radium  that  I  placed 
about  500  mgm.  in  a  sealed  capsule  to  pro- 
tect it  from  moisture,  giving  it  to  a  phys- 


ician with  the  request  that  it  be  tried  on 
lupus,  a  disease  which  at  that  time  was  in- 
teresting him.  The  capsule  was  disk-shaped, 
with  a  front  of  aluminum,  a  back  of  com- 
paratively nonradiable  metal.  I  believe  it  to 
be  important  to  test  these  substances  in  the 
treatment  of  lupus,  superficial  cancer,  and 
diseases  of  the  skin  in  which  jr-light  has  been 
found  useful;  therefore,  I  mention  that  I 
have  another  capsule  which  I  shall  be  glad 
to  send  to  any  Boston  physician  who  will 
give  the  matter  a  fair  trial.  Radio-active 
substances  can  be  used  in  sealed  capsules 
held  against  the  body  by  adhesive  plaster,  or 
they  can  be  made  to  cover  larger  areas  by 
mixing  them  with  rubber  or  celluloid  to 
form  moisture-proof  plasters.  These  plasters 
may  be  still  further  protected  by  being 
coated  on  the  sides  nearest  the  body  by  alum- 
inum foil  and  on  the  opposite  sides  by  lead 
foil.  They  could  be  kept  in  stock  by  the 
yard  by  druggists  and  given  to  patients  by 
prescription,  with  proper  directions  as  to  the 
length  of  application.  They  could  be  worn  at 
night.  Their  use  would  prevent  the  poor 
from  making  such  frequent  visits  to  a  phys- 
ician as  are  now  required  when  .r-light  ob- 
tained from  a  vacuum  tube  is  used.  This  is 
a  matter  of  some  importance,  as  the  present 
treatment  takes  many  sittings  which  require 
time  and  cost  money." 

*Note  added  1904:  "Considering  the  pres- 
ent interest  in  radium,  it  may  be  worth  while 
to  say  that  no  application  was  received  for 
this  capsule." 

The  other  article  entitled,  "Some  Prin- 
ciples Involved  in  the  Therapeutic  Applica- 
tions of  Radio-Activity"  (Bost.  M.  &  S.  J., 
November  12,  1903)  states  clearly  certain 
principles,  the  value  of  which  is  only  begin- 
ning to  be  appreciated  today.  The  use  of  ra- 
dium emanation  in  place  of  radium  element 
is  forecasted,  and  the  question  of  applica- 
tions made  at  a  distance  from  the  affected 
part  is  clearly  discussed.  He  says,  "In  using 
the  radio-active  substances  in  disease  of  or 
near  the  skin,  the  depth  of  the  diseased  tis- 
sue to  be  affected  must  determine  the  dis- 
tance of  the  radio-active  substance  from  the 
surface  of  the  patient,  for  the  reason  men- 
tioned, namely,  activity  diminishes  approx- 
imately as  the  square  of  the  distance,  though 
really  more  rapidly  on  account  of  the  com- 
plex nature  of  the  activity.  If  the  radium  is 
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placed  ten  centimeters  from  the  skin,  the  in- 
tensity at  a  depth  of  one  centimeter  is  nearly 
as  great  as  at  the  surface  for  the  more  pene- 
trating forms  of  activity.  In  many  cases, 
therefore,  the  sound  tissues  below  the  dis- 
eased will  be  acted  upon  by  a  destructive 
agent  whose  activity  would  be  nearly  as  great 
as  at  the  place  of  disease.*  The  correct  way 
in  treating  a  skin  disease  with  a  radio-active 
substance  is  to  consider  to  what  depth  it  is 
desirable  to  confine  as  far  as  possible  the 
activity.  If  to  a  slight  depth,  the  radio-active 
substances  should  be  almost  in  contact  with 
the  skin,  the  duration  of  the  application  be- 
ing of  proper  length  but  always  shorter  than 
when  at  a  greater  distance.  In  this  case 
healthy  tissue  at  a  depth  of  one  centimeter 
would  be  acted  on  by  radiations  and  emana- 
tion whose  intensity  would  be  less  than  one 
one-hundredth  of  those  striking  the  skin; 
obviously  a  more  scientific  method." 

This  article  further  mentions  what  seem 
to  be  the  earliest  therapeutic  experiments  in 
this  country — the  treatment  of  lupus,  and 
superficial  cancers,  with  capsules  of  radium 
of  a  strength  of  1000  (1000  times  the 
strength  of  uranium)  given  to  Dr.  Francis 
H.  Williams  in  the  year  1900  and  1901. 

ORIGINAL  ARTICLES  ON  RADIUM  AND  RADIUM 
THERAPY   PRIOR  TO    I906 AMERICAN 

Abbe,  Robert,  M.D.  Radium  and  Radio- 
Activity.  {Yale  M.  J.,  June,  1904,  Page 
433.)  The  Subtle  Power  of  Radium.  (Tr. 
Am.  Surg.  Ass.,  xxii,  253-262,  also  Med. 
Rec,  Aug.  27,  1904,  321-324). 

Two  excellent  articles,  illustrated,  giving 
a  number  of  careful  case  reports.  In  the  sec- 
ond of  these  articles  he  states  "It  gives  me 
pleasure  to  put  on  record  such  observations 
as  I  have  been  able  to  make  during  fifteen 
months  with  the  best  radium  made  by  the 
laboratory  of  the  Curies  in  Paris.  I  was  able, 
by  cabling  a  ver>'  early  order,  to  get  fifteen 
centigrams  (2^  grains)  of  the  strength 
300,000,  which  was  part  of  the  larger 
amount  used  by  them  in  their  experiments 
for  calorimetric  determinations  (now  his- 
toric). With  this  and  other  strong  specimens 
obtained    later,    including    one    of    German 

*The  alpha  and  beta  rays  having  been  filtered  out. 


manufacture,  denominated  a  million  activity, 
I  have  been  able  to  verify  most  of  the  inter- 
esting work  of  the  foreign  observers  and  to 
add  some  of  my  own."  This  proves  that  Dr. 
Abbe  was  one  of  the  earliest  original  in- 
vestigators in  this  country.  Dr.  W.  W.  Keen 
of  Philadelphia  discussed  this  paper  and 
stated  that  he  himself  had  treated  22  cases 
with  radium. 

Abbe,  Truman,  A.B.,  M.D.,  Notes  on  the 
Physiologic  and  the  Therapeutic  Action 
of  Radium.  {Wash.  Med.  Ann.,  January, 
1904,  p.  363-367). 

A  very  good  article  including  the  report 
of  a  case  of  inoperable  carcinoma  of  the  cer- 
vix and  vagina  treated  with  radium,  and 
also  a  very  good  bibliography. 

Allan,  S.  J.  Excited  Radio-Activity  Pro- 
duced from  Atmospheric  Air.  {Proc.  & 
Trans.  Roy.  Soc,  Canada,  Trans.,  1902, 
ii,  71). 

Ball,  M.  V.,  M.D.,  Radium;  Its  Possibil- 
ities in  Medicine.  {Med.  Fortnightly, 
March  10,  1904,  p.  149-151), 

Barker,  G.  F.  Radio-activity  and  Chemis- 
try. (TAe  Apoth.  N.  Eng.  Drug.,  1903,  xv, 
475-554-622). 

Baskerville,  Chas..  Ph.D.  Radium  and 
Its  Physiological  Actions.  {Virginia  M. 
Semi-month.  October  7,  1904,  298-299). 

A  brief  article  based  on  the  chapter  of  his 
book  dealing  with  the  physiological  action 
and  therapeutics  of  radio-active  substances. 

Beck,  Joseph  C,  M.D.,  Experiments  with 
Radium  in  Some  Nose,  Throat  and  Ear 
Diseases.  {Laryngoscope,  December,  1904, 
897-915,  also  Chicago  M.  Rec,  December 
15,  1904,  pp.  757-775)- 

A  very  good  article  with  eleven  extensive 
case  reports  and  minor  comment  on  other 
cases. 

Becquerel,  Henri,  D.C.L.,  Ph.D.  On  the 
Radio-activity  of  Matter.  {Rep.  Smithson. 
Inst.,  1902,  p.  197.  Reprinted  after  revis- 
ion from  the  Scient.  Am.  Sup.,  June  7, 
1902,  No.  1379). 
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BoLTOX.  H.  C.  An  Experimental  Study  of 
Radio-Active  Substances.  {Rep.  Smith- 
son.  Inst.,  1898-9,  pp.  155-162).  A  New 
Source  of  Heat;  Radium.  (Pop.  Sc. 
Month.  1903,  Ixiii,  61-63). 

BoLTWOOD,  B.  B.  On  the  Radio-Activity  of 
Natural  Waters.  {Am.  J.  Sc.  1904,  xviii, 
378).  On  tiie  Ultimate  Disintegration 
Products  of  the  Radio-Active  Elements. 
{Am.  J.  Sc,  1905,  XX,  253-267). 

Bradbury,  R.  H.  Radium  and  Radio-Activ- 
ity in  General.  {Frankl.  Iiist.,  1905,  clix, 
225-238). 

Brokaw,  a.  V.  L.,  M.D.,  Presentation  of 
Specimen  of  Radium  With  Suggestions 
As  to  Its  Therapeutic  Value  in  Cancer 
and  Other  Malignant  Diseases.  {St.  Louis 
M.  Rev.  December  12,  1903,  pp. 415-417). 

BuMPSTEAD,  H.  A.  Atmospheric  Radio-Ac- 
tivity. {Am.  J.  Sc.,  1904,  xviii,  i-ii). 

BuMPSTEAD,  H.  A.  &  Wheeler,  L.  P.,  Note 
On  Radio-Active  Gas  in  Surface  Water, 
{Am.  J.  Sc,  1903,  xvi,  328).  On  the 
Properties  of  Radio-Active  Gas  Found  in 
the  Soil  and  Water  Near  New  Haven 
{Am.  J.  Sc.  1904,  xvii,  97-1 11.) 

Camp,  E.  T.,  M.D.  Electric  and  Radiant 
Energy  as  Therapeutic  Agents,  {Alabama 
M.  J.,  June,  1905,  pp.  356-369)- 

Cleaves,  Margaret,  M.D.  Radium  With  a 
Preliminary  Note  on  Radium  Rays  in 
thie  Treatment  of  Cancer,  {Med.  Rec. 
October  17,  1903,  601-606,  also  /.  Ad- 
vanc  Thcrap.,  November,  1903,  pp.  667- 
682). 

The  article  of  October  17th  is,  seemingly, 
the  first  which  gives  an  actual  report  of  a 
case  treated  with  radium;  that  is  to  say, 
while  other  physicians  undoubtedly  treated 
cases  at  a  much  earlier  date  than  this  one 
(September  15,  1903),  the  history  of  this 
case  was  the  first  one  published  in  America. 
This  was  a  sarcoma  of  the  left  cheek.  The 
same  day  a  case  of  carcoma  of  the  cervix 
was  treated. 


Curie,  P.  Radium.  {Rep.  Smithson.  Inst., 
1902-3,  pp.  187-201). 

Dadourl\n,  H.  M.  Radio-Activity  of  Un- 
derground Air.  {Am.  J.  Sc,  1905,  xix,  16- 

22). 

Dearborn,  Frederick  M.,  M.D.  Radium 
Therapy  in  Skin  Diseases  {N.  Am.  J. 
Home  op.,  November,  1905,  717-20). 

Dennet,  D.  C,  M.D.  Radio-Therapy  With 
Report  of  Cases.  {Med.  Rec,  February 
13,  1904,253-256). 

Dieffenbach,  William  H.,  M.D.,  A  New 
Method  For  the  Therapeutic  Application 
of  Radium  Salt  {N.  Am.  J.  Homeop.,  De- 
cember, 1905,  769-774). 

Drake,  G.  W.,  M.D.  Radium  Rays  and 
Their  Therapeutic  Possibilities.  {Char- 
lotte N.C.  M.  J.,  1904,  xxiv,  168-171). 

Duncan,  R.  K.,  The  Electric  Theory  of  the 
Radio-Activity  of  Matter,  etc.  {Nezv 
Knoivledge,  1905,  also  Nezv  York  Herald, 
August  6,  1905). 

Einhorn,  Max.,  M.D.  Radium  Receptacles 
For  The  Stomach,  Esophagus,  and  Rec- 
tum, {Med.  Rec,  March  5,  1904,  p.  399). 

A  brief  article  illustrating  and  describing 
the  author's  radium  capsule,  which  was  at- 
attached  to  a  thread  and  swallowed  by  the 
patient  having  cancer  of  the  stomach.  A  bou- 
gie to  which  a  radium  capsule  is  screwed  is 
also  described  for  use  in  cases  of  cancer  of 
the  esophagus  and  rectum.  The  capsule  con- 
tained 250  mgm.  of  7,000  activity  radium. 
Bougies  of  a  similar  style  are  used  today  for 
esophagus  cases. 

Observations  on  Radium.  {Med.  Rec, 
July  30,  1904,  pp.- 164-168). 

This  article  describes  the  author's  method 
of  the  transillumination  of  various  organs 
with  radium.  Among  other  things  he  was 
able  to  determine  the  position  of  the  greater 
cur\-ature  of  the  stomach.  Several  cases  of 
esophageal  cancer  treated  by  radium  are  re- 
ported. 
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Freudenthal,  W.,  M.D.  The  Effect  of  The 
Rays  of  Radium  Upon  The  Mucous  Mem- 
brane of  The  Larynx.  {Arch.  Electrol. 
Radiol,  1905,  iv,  318-320). 

A  preliminary  report  of  a  case  of  laryn- 
geal tuberculosis  treated  by  radium. 

Gager,  Charles  Stuart.  Ph.D.,  Prelimin- 
ary Note  on  the  Effects  of  Radium  Rays 
on  Plants.  {Am.  Med.,  ix,  1905,  p.  1026). 

Preliminary  Notes  on  the  Effects  of  Ra- 
dio-Activity  on  Plants,  {Science,  1905, 
n.s.  xxii,  118). 

GiES,  William  J.,  Studies  of  the  Effects  of 
Radium  with  Demonstration.  {Proc.  Soc. 
.  Expcr.  Biol.  &  Med.,  1904-5,  ii,  86). 

Hammer,  William  J.,  Radium,  Polonium 
and  Actinium;  {Scient.  Atn.  Sup.,  Febru- 
ary 28,  1903,  22710-22711). 

A  very  good  popular  account  of  the 
physics  of  radium  and  the  allied  radio-active 
elements. 

Hodgson,  Fred  G.,  M.D.,  Radium;  A  Re- 
view of  the  literature.  (A^.  York.  M.  J., 
January  14,  1905,  pp.  62-65). 

An  article  that  is  satisfactory  as  far  as  it 
goes,  but  as  it  only  gives  some  seventeen  or 
eighteen  references,  is  far  from  complete. 
1 

Inglis,  John,  A.M.,  M.D.  Radium  and  Ra- 
diant Energy.  (/.  Am.  M.  Assn.,  Febru- 
ary-6,  1904,  pp.  370-373). 

I 

Kanolt,  C.  W.  Radium,  Its  Extraordinary 
Properties.  {Scient.  Am.,  February  28, 
1903,  p.  149.) 

A  brief  but  concise  article  on  the  physics 
of  radium. 

King,  William  Harvey,  M.D.,  LL.D.  Ra- 
dium and  Its  Use  in  Medicine.  (A^.  Am. 
J.   Homeop.,  December,    1903,   pp.    729- 

733-) 

One  of  the  earliest  articles.  He  reports  a 
case   Of   neuritis   of   the   right  optic  nerve 


treated  by  him  in  1903.  He  also  speaks  of  the 
work  of  Mr.  W.  J.  Hammer.  The  article 
ends  with  the  following  prophecy:  "The  pro- 
fessional world  is  alive  to  the  great  possibili- 
ties there  are  in  radium,  and  I  venture  to 
predict  that  within  a  very  few  years  it  will 
occupy  an  important,  yet  limited,  and  unique 
position  in  therapeutics." 

Kropatkin,  Prince.,  Unsuspected  Radia- 
tions. {Rep.  Smithson.  Inst.,  1899- 1900, 
pp.  371-385). 

KuNZ,  George  F.  Radium.  {American  Re- 
vieiv  of  Reviews,  November,  1903). 

An  excellent  popular  article  on  the  sub- 
ject, 

KuNZ,  George  F.,  and  Baskerville, 
Charles.  The  Action  of  Radium,  Roent- 
gen-Rays and  Ultra-Violet  Light  on  Min- 
erals and  Gems.  {Science,  1903,  n.  s.  xviii, 
769-783). 

An  important  scientific  article  on  the  sub- 
ject named. 

LiEBER,  Hugo.  Radium  und  Radio-Aktive 
Stoffe  und  Deren  Verwendung  in  der 
Medizin.    (iV.    Yorker  Med.  Monatschr., 

1904,  xvi,  49-58.  Discussion  253-256). 
Radium  and  Some  Methods  for  Its  Thera- 
peutic Application,  With  Demonstrations 
{Proc.  Soc.  Exper.  Biol.  Med.,  1904-5,  ii, 
32-37.  Also  Med.  Nezus,  1905,  Ixxxvi, 
229-231,    also    Am.    Med.,    January    14, 

1905,  p.  72). 

Lloyd,  John  Uri.  Phar.  ]\I.  Radiant  En- 
ergy, {Eclect.  M.  J.,  November,  1903, 
583.  Also  Cincin.  Lancet-Clinic,  December 
5,  1903,  p.  595). 

IMcCoY,  H.  N.  Radio-Activity  as  an  Atomic 
Property.  (/.  Ayn.  Chcui.  Soc,  1905, 
xxvii,  391-403). 

McLennan,  J.  C,  and  Burton,  E.  F.  On 
the  Radio-Activity  of  Metal  Generally. 
{Univ.  Toronto,  Stud.  Phys.  Sc,  1903, 
pp.  27-32). 
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Merz,  C.  H.  The  Physics  and  Therapy  of 
Radium.  (Electro-Therap.,  1904,  viii, 
80-87). 

Metzenbaum,  Myron,  B.S.,  M.D.  Ra- 
dium, Radio-Active  Substances  and 
Ahiminum  with  Experimental  Research 
of  the  Same.  (Cleveland  M.  J.,  May,  1904, 
pp.  191-208). 

A  rather  long  article  giving  the  details  of 
a  number  of  original  experiments  on  the 
physics  of  radium  and  the  allied  elements 
and  also  reporting  a  case  of  lupus  treated 
with  radium. 

Radium,  Its  Value  in  the  Treatment  of 
Lupus,  Rodent  Ulcer,  and  Epithelioma, 
With  Reports  of  Cases.  {Internal.  Clin., 
1905,  iv,  21-31.  With  6  plates). 

Radium;  Its  Value  in  Medicine.  {Cincin. 
Lancet-Clinic,  May  13,  1905,  pp.  555-557- 
Also  Canad.  Pract.  &  Rev.,  October, 
1905,  pp.  548-551.  Also  Louisville  Month. 
J.  M.  &  S.,  November,  1904,  pp.  188- 190). 

This  article  includes  the  report  of  six  cases 
of  rodent  ulcer,  lupus  and  superficial  epithel- 
oma,  all  successfully  treated  with  radium. 

Meyer,  G.  M.  The  Radio- Activity  of  the 
Different  Organs  after  the  Intravenous 
Injection  of  Radium  Bromid  (Abstract). 
{Atn.  Med.,  1905,  ix,  1030). 

MiLLiKAN,  R.  A.  Recent  Discoveries  in  Ra- 
diation and  Their  Significance.  {Pop.  Sc. 
Month.,  April,  1904,  pp.  481-499). 

MoFFET,  Cleveland.  The  Wonders  of  Ra- 
dium. {McClure's  Mag.,  November,  1903, 
p.  I). 

Sense  and  Nonsense  About  Radium  {Suc- 
cess, April,  1904). 

Morton,  William  James,  M.D.  Treat- 
ment of  Cancer  by  the  X-Ray,  with  Re- 
marks on  the  Use  of  Radium.  {Internat. 
J.  Surg.,  October,  1903,  pp.  289-294). 

Parkiiurst,  Burleigh,  M.D.  Therapeutic 
Experiments  with  Radium.  {Pacific  Coast 
J.  Homeop.,  1904,  xii,  137-142). 


Radium  Therapy,  Experiences  and  Sug- 
gestion. {Tr.  Am.  Inst.  Homeop.,  Chicago, 
i905,lxi,  792-795.  Also  A^.  A.  J.  Homeop., 
November,  1905,  pp.  713-717). 

Partridge,  E.  A.,  and  Bradbury,  R.  H. 
Radio-Activity,  (/.  Frank.  Inst.,  1903, 
clvi,  1596-1599)- 

Pegram,  G.  B.  Detection  and  Measurement 
of  Radio-Activity.  {Arch.  Electrol.  &  Ra- 
diol., 1904,  iv,  313-317). 

An  excellent  scientific  article  and  one  of 
the  earliest  dealing  with  the  subject  named. 

Philips,  W.  C.  Experiences  With  Radium 
Emanations.  (Med.  News,  1905,  Ixxxxvii, 

341-343)- 

Piffard,  Henry  G.,  M.D.,  LL.D.  Radio- 
Praxis.  {Med.  Rec.  March  7,  1903,  361- 
366). 

Radium,  the  First  Wonderful  Discovery 
of  the  New  Century.  Its  Identity,  Dis- 
covery, Properties,  Effects  upon  Living 
Tissue,  Probable  Therapeutic  Uses  and 
Magnificent  Possibilities.  {Med.  Council, 
December,  1903,  pp.  405-408;  January, 
1904,  pp.  1-4). 

A  very  good  popular  article.  It  is  un- 
signed but  is  attributed  to  Dr.  Piffard  by  the 
index  of  the  Surgeon  General's  Library. 

A  Few  Words  Concerning  Radium. 
{Med.  Rec,  June  18,  1904,  pp.  999-1004). 

A  good  article,  which  is,  as  he  states,  "an 
outline  of  the  principal  facts  that  have  been 
ascertained  concerning  radium". 

Prescott,  S.  C.  The  Effect  of  Radium 
Rays  on  the  Colon  Bacillus,  the  Diph- 
theria Bacillus  and  Yeast.  {Science,  1904, 
n.  s.,  XX,  264). 

PusEY,  William  Allen,  A.M.,  M.D.  Ra- 
dium and  its  Therapeutic  Possibilities.  (/. 
Am.  M.  Assn.,  July  16,  1904,  pp.  173-180, 
with  discussion). 

A  well-written  and  conservative  paper 
read  before  the  fifty-fifth  annual  session  of 
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the  American  Medical  Association.  It  sums 
up  very  well  the  facts  known  at  the  time. 
The  discussion  is  also  interesting. 

Ramsay,  Sir  William.  Radium  and  Its 
Products.  {Harpers  Monthly  Mag.,  N.  Y., 
1904,  ex,  52-57). 

Ramsay,  Sir  William  and  Soddy,  F.  Ex- 
periments in  Radio-Activity  and  the  Pro- 
duction of  Helium  with  Radium.  {Rep. 
Smithson.  Inst.,  1902-3,  pp.  203-206). 

RoBARTS,  Heber,  M.D.,  M.E.  Radium 
{Am.  J.  Surg.  &  Gynec,  March,  1904,  pp. 
145-148,  and  April,  1904,  pp.  153-156). 

Radium.  {Dental  Brief,  1904,  ix,  409- 
418;    Also   Med.    Fortnightly,    May    10, 

1904,  pp.  279-284.  With  one  illustration). 

Rockwell,  A.  D.,  A.M.,  M.D.  Radio-Ac- 
tivity.   {Arch.  Physiol.   Therapy,  March, 

1905,  1,65-68). 

Rollins,  William.  The  Cathode  Stream 
and  X-Light,  {Am.  J.  Sc.,  November, 
1900,  383-391)- 

Notes  on  X-Light:  Radio-Active  Sub- 
Stances  in  Therapeutics  {Boston  M.  & 
S.  J.,  January  23,  1902,  85). 
Some  Principles  Involved  in  the  Thera- 
peutic Applications  of  Radio-Activity 
{Boston  M.  &  S.  J.,  November  12,  1903, 
PP-  542-544)- 

On  Passing  The  Beta  Radium  Rays 
Through  a  Strongly  Charged  Aluminum 
Plate.   {Elect.  Rev.  January  9,  1904). 

The  second  and  third  of  these  articles  are 
reviewed  at  length  in  the  part  devoted  to 
books.  The  first  article  mentioned,  published 
in  November,  1900,  mentions  experiments 
on  human  tissues,  with  radio-active  sub- 
stances and  comments  on  the  possibility  of 
their  being  used  in  medicine. 

Rudis-Jicinsky,  J.,  M.D.,  A.M.,  M.E.  Ex- 
perimental Investigations  with  Radium 
Upon  Living  Tissues.  {lozva  M.  J.,  April 
15,  1904,  pp.  141-143). 
Radium,  a  Name  Only.  {Am.  X-Ray  J., 
April  15,  1904,  pp.  102-104). 


The  Dosage  in  the  Treatment  With  Ra- 
dium, {lozva  M.  J.,  September  15,  1904, 
PP- 344-346). 

Radium  in  Surgery.  {Arch.  Physiol. 
Therapy,  March,  1905,  pp.  74  to  yy). 

The  first  of  these  articles  gives  the  results 
of  certain  experiments  on  guinea  pigs  and 
rabbits  with  the  microscopical  findings  of 
the  tissue  exposed  to  radium. 

The  third  article  reports  a  case  of  mam- 
mary carcinoma  treated  with  radium  unsuc- 
cessfully. Only  fifty  mgm.  of  7,000  activity 
were  used. 

Rutherford,  Ernest,  D.  Sc,  Ph.D.,  LL.D. 
F.  R.  S.  The  Existence  of  Bodies  Smaller 
than  Atoms.  {Proc.  &'  Trans.  Roy.  Soc. 
Can.,  1902,  ii,  79). 

Excited  Radio-Activity  and  Ionization  of 
Atmospheric  Air.  {Bull.  Am.  Phys.  Soc, 

1902,  ii,  59). 

Radium.  {Montreal  M.  J.,  February, 
1904,  pp.  112-116). 

Present  Problems  in  Radio-Activity. 
{Pop.  Sc.  Month.,  May,  1905,  pp.  5-34). 

The  third  of  these  articles,  being  an  ab- 
stract of  a  lecture  with  experiments  de- 
livered before  the  Montreal  Medico-Chi- 
rurgical  Society,  January  8,  1904,  gives  a 
very  concise  summary  of  the  physics  of  ra- 
dium and  warns  agains  its  careless  use  as  a 
therapeutic  agent. 

Sabine,  Wallace  C,  A.M.  The  Physical 
Relationship  of  Finsen  Light,  Roentgen- 
Rays  and  Radio-Activity.  {Med.  Com- 
municat.  Mass.  M.  Soc,  1904,  xix,  645- 
655.  Also  Boston  M.  &  S.  /.,  August  11, 
1904,  159-161). 

An  excellent  scientific  article  on  the  sub- 
ject named. 

Shields,  Percy,  M.D.  X-Ray  Phenom- 
ena and  Phenomena  Not  Due  to  X-Rays 
{Cincin.  Lancet-Clinic,  A-^rW  11,  1903,  pp. 

371-377)- 

Shields,  Edward  H.,  M.D.  For  What 
Conditions  and  How  Should  X-/?ays  Be 
Used?    {Cincin.  Lancet-Clinic,  April   11, 

1903,  pp.  377-382.) 
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These  two  articles  form  practically  one 
and  mention  radium  incidentally. 

Sickles,  William,   M.D.    Radio-Activity. 

The  Therapeutic  Result  We  May  Expect 
■    at    its    Present    Stage    of    Development. 

(PVisconsin  M.  J.,  April,  1905,  pp.  623- 

627). 

A  good  article  dealing  largely  with  the 
physics  of  radium  and  warning  against  so- 
called  radium  therapy  with  preparations  hav- 
ing an  activity  of  200  or  300  and  stating 
quite  truly  that  no  conclusions  can  be  drawn 
from  such  treatments. 

SouTHWicK,  George  R.,  M.D.  Radio-Ac- 
tivity. (A''.  Eng.  M.  Gas.,  November, 
1904,  pp.  496-505). 

Stapler,  D.  A.  Radium.  {Occidental  M. 
Times,  1904,  xviii,  49-52). 

Stevens,  Rollin  H.,  M.D.  Clinical  Exper- 
ience With  Radium.  {University  Homeo- 
pathic Observer,  Univ.  of  Mich.,  January, 

1904)- 

Further  Clinical  Experiences  with  Ra- 
dium ^with  the  Special  Reference  to  Lei- 
ber's  Radium  Coatings.  {Trans.  Am.  Inst. 
Homeop.,  1905,  Ixi,  796-800.  Also  N. 
Am.  J.  Homeop.,  November,  1905,  pp. 
720-725). 

These  articles  give  Dr.  Stevens'  personal 
experiences  with  the  use  of  radium  and 
comment  favorably  on  Leiber's  radium 
coatings  as  a  method  of  application. 

Stewart,  R.  M.  On  Excited  Radio-Activ- 
ity. {Proc.  &  Trans.  Roy.  Soc.  Can. 
1902,  p.  71). 

Storck,  J.  A.  Some  Facts  Concerning  Ra- 
dium and  the  Use  of  the  Intragastric  Ra- 
diode.  {Am.  Med.,  1904,  vii,  820-822.  Ab- 
str.  A^.  Orl.  M.  &  S.  J.  May,  1904,  pp. 
851-852). 

Stover,  G.  H.,  M.D.  Radium.  {Colorado 
Med.,  January,  1904,  pp.  92797). 

An  article  dealing  wnth  the  physics  of  ra- 
dium and  mentioning  some  of  the  author's 


experiments  as  well  as  giving  three  case  re- 
ports. 

Sullivan,  J.  C,  M.D.  Radio-Activity.  {Illi- 
nois M.  /.,  August,  1904,  pp.  236-238). 

Taylor,  W.  H.  Radium,  Its  Radiations, 
Physical,  Chemical  &  Mental.  {Old  Do- 
minion J.  M.  &  S.,  Richmond,  1904-5,  iii, 
417-438). 

Thomson,  J.  J.  On  Bodies  Smaller  than 
Atoms.  {Pop.  Sc.  Month.,  59,  1901,  323. 
Ann.  Rep.  Smithson.  Inst.,  1901,  p.  231, 
1902). 

Tracy,  Samuel  G.,  B.S.,  M.D.  Radium 
in  Medicine.  (A^.  York.  M.  J.,  October  24, 

1903.  PP-  792-794)- 

Radium.  (/.  Advanc.  Thcrap.,  December, 

1903,  pp.  758-767)- 

Radium:  Induced  Radio-Activity  and  its 

Therapeutical  Possibilities.  {N.York  M.  J., 

January  9,  1904,  pp.  49-52)  • 

Thorium :  A  Radio- Active  Substance  with 

Therapeutical    Possibilities    {Med.    Rec, 

Jan.  23,  1904,  pp.  126-128). 

Radium.  {Med.  Brief,  1904,  xxxii,  43-48). 

Dr.  Tracy  was  among  the  earliest  experi- 
menters and  users  of  radium  and  the  allied 
elements.  His  series  of  articles  is  of  decided 
interest.  Also  note  the  review  of  the  book, 
"System  of  Physiologic  Therapeutics",  Vol- 
ume XI,  edited  by  Cohen. . 

Trowbridge,  John,  S.D.  Recent  Advance 
in  Physical  Science.  {Internal.  Month., 
January,  1900,  pp.  123-132). 

A  very  important  early  article  on  the 
-v-rays  and  radio-active  substances,  etc., 
which  mentions  the  possibility  of  the  use  of 
radio-activity  as  a  therapeutic  agent. 

Trowbridge,  John,  S.D.  and  Rollins, 
William.  Radium  and  the  Electron  The- 
ory.   {Am.  Jour.   Sci.,    1904,   n.s.,   xviii, 

77-79)- 

Van  Buren,  F.,  Jr.  and  Zinsser,  H.  Some 
Experiments  with  Radium  on  Bacteria. 
{Am.  Med.  1903,  vi,  1021). 
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This  article  is  one  of  the  earliest  dealing 
with  the  action  of  radium  on  bacteria. 


Wallian,  Samuel  S.,  A.M.,  M.D.,  Radio- 
Activity  in  Diabetes  and  Nephritis.  {^St. 
Louis  M.  Rev.,  August  26,  1905,  pp.  179- 
180). 

This  article  mentions  the  fact  that  the 
therapeutic  value  of  the  water  from  certain 
famous  springs  is  evidently  due  to  its  radio- 
activity. 

Wattiez,  Cy.  Radium,  its  Recent  Develop- 
ment. {Sclent.  Am.  Siippl.,  No.  1438, 
1903)- 

Wight,  J.  S.  Recent  Researches  in  Radio- 
Activity  and  Electricity.  {Am.  Med., 
March  5,  1904). 

Williams,  Francis  H.,  M.D.  Note  on  the 
Use  of  the  Fluorometer  to  Estimate  the 
Proportions  of  Beta  and  Gamma  Rays 
Given  off  from  Radium  Salts.  {Boston  M. 
&  S.  J.,  December  17,  1903,  p.  691). 
Some  of  the  Physical  Properties  and  j\Ied- 
ical  Uses  of  Radium  Salt,  with  a  Report 
of  Forty-Two  Cases  Treated  by  Pure  Ra- 
dium Bromide  {Med.  Nezvs,  1904,  Ixxxiv, 
241-246). 

A  Comparison  between  the  Medical  Uses 
of  the  A^-i?ays  and  the  Rays  From  the 
Salts  of  Radium  (i?o.9^o/z  M.  &  S.  J.,  Feb- 
ruary 25,  1904,  pp.  206-209). 
Notes  on  Radium.  Production  of  the 
Gamma  Rays  from  the  Beta  Rays  of  Ra- 
dium; Use  of  Radium  in  Some  Diseases 
of  the  Eye  {Boston  M.  &  S.  J.,  May  26, 
1904,  pp.  559-561). 

Dr.  Williams'  work  with  radium  as  a 
therapeutic  agent,  seemingly  the  earliest  in 
this  country,  has  been  commented  on  in  the 
body  of  my  article.  The  second  and  third  of 
these  four  papers  are  particularly  valuable 
from  the  scientific  as  well  as  the  historical 
standpoint.  The  technique  of  the  applications 
is  especially  interesting. 

Winkler,  Clemens.  Radio-Activity  and 
Matter  {Pop.  Sc.  Month.,  1905,  p.  267). 


editorials  on  radium  and  radium  ther- 
apy   PRIOR  TO    1906 AMERICAN 

The   Future   of   the   X-Rays.    (/.   Am.   M. 
Assn.,  January  13,  1900,  p.  115). 

Comment  on  Professor  Trowbridge's  ar- 
ticle in  the  International  Monthly  for  Janu- 
ary, 1900.  It  mentions  the  possibility  of  ra- 
dio-active substances  being  employed  in 
place  of  .r-rays  to  make  radiographs.  Tt 
states  that  there  are  other  scientific  possibil- 
ities and  ends  by  saying,  "no  one  can  tell, 
nevertheless,  what  new  possibilities  may  ex- 
ist even  in  this  particular  direction,  in  the 
near  future." 

The  Radium  Rays  in  Therapeutics.  (/.  Am. 
Assn.,  October  4,  1902,  p.  846). 

This  mentions  the  work  of  some  of  the 
early  French  radium  therapists — Danlos, 
Hallopeau  and  Gadaud. 

Radium   in  the  Treatment  of   Lupus.    (A^. 
York  M.  J.,  April  25,  1903,  p.  754). 

Mentions  the  work  of  the  same  three 
French  experimenters  named  above. 

Remarkable  Properties  of  Radium.  (/.  Am. 
M.  Assn.,  May  9,  1903,  pp.  1 293-1 294). 

Radium  and  Cancer.  (/.  Am.  M.  Assn.,  July 
II.  1903,  pp.  107-108). 

Mentions  the  report  of  a  case  treated  by 
Professor  Gusenbauer  of  Vienna. 

Further  Observations  in  Regard  to  Radium. 
(/.   Am.  M.  Assn.,  August    i,    1903,   p. 

317)- 

]\Ientions  further  experiments  by  French 
and  Austrian  scientists. 

A  Radium  Calculation.   (/.  Am.  M.  Assn., 
August  8,  1903,  pp.  376-377)- 

Mentions  an  article  in  the  English  period- 
ical "Nature",  in  which  it  is  calculated  that 
3.6  grams  in  each  cubic  meter  of  the  sun's 
bulk  would  be  all  that  is  required  to  account 
for  the  radiation.  It  also  says,  "An  ounce,  or 
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even  a  gram  of  radium  might  be  an  awkward 
thing  to  handle,  and  the  isolation  of  a  larger 
quantity  be  a  positive  danger  to  the  commun- 
ity." 

Radium.  (Med.  Rev.  of  Rev.,  August  25, 
1903,  pp.  730-731). 

Considers  the  physics  of  radium  and  men- 
tions the  possibility  of  its  use  ultimately  in 
medicine. 

Radium  as  a  Therapeutic  Agent.  (Med.  Rec, 
October  24,  1903,  p.  660). 

Considers  the  physics  of  radium  and  ends 
by  saying,  "There  is  a  possibility,  perhaps 
almost  a  likelihood,  that  it  may  eventually 
become  of  inestimable  value  in  medicine,  but 
at  present,  sufficient  is  not  known  of  its 
properties  to  pass  a  decided  opinion.  It  is  in 
its  potential  stage,  but  may  emerge  now  at 
any  time  into  an  actual  medical  remedy  of 
surpassing  merit." 

Radio-Activity  and  Radio-Therapy.  {Dietet. 
&  Hyg.  Gas.,  November,  1903,  p.  670). 

The  Therapeutic  Possibilities  of  Radium. 
(Boston  M.  &  S.  J.,  November  5,  1903, 
pp.  524-525). 

An  excellent  summary  of  the  then-current 
knowledge  of  radium  and  radium    therapy. 

Therapeutic  Uses  of  Radium.  (St.  Louis 
Med.  Rev.,  December  19,  1903,  pp.  437- 
438). 

Mentions  the  possibilities  of  radium  ther- 
apy and  ends  by  saying,  "Considering  these 
facts,  the  ease  at  which  radium  rays  may  be 
applied  to  regions  hardly  accessible  to  the 
.r-ray,  and  the  faculty  which  radium  pos- 
sesses of  imparting  its  properties  to  com- 
mon substances,  it  would  seem  probable  that 
the  new  metal  will  prove  of  wide-spread  and 
practical  value." 

The  Surgical  Uses  of  Radium.  (/.  Am.  M. 
Assn.,  March  26,  1904,  p.  832). 

Discusses  Dr.  Truman  Abbe's  paper  in  the 
Washington  Medical  Annals,  January,  1904. 
M.  and  Mme.  Curie,  the  Discoverers  of  Ra- 


dium. (A^.  Eng.  Med.  Gaz.,  October,  1904, 
pp.  465-466). 

A  humorous  editorial  based  on  an  article 
in  the  British  Homeopathic  Monthly  Re- 
view, which  stated,  "Although  M.  and  Mme. 
Curie  are  entirely  absorbed  in  their  labora- 
tory work  and  do  not  concern  themselves 
with  medicine,  we  are  able  to  state  with 
some  amount  of  pride,  that  both  the  father 
and  grandfather  of  the  former  were  homeo- 
pathic physicians." 

The  Action  of  Radium  on  Cancer  (/.  Am. 
M.  Assn.,  December  10,  1904,  p.  1794). 

Common  Sense  and  Radium.  (M.  Rec,  May 
14,  1904,  p.  780). 

A  Forecast  of  Radium  in  Fiction.    (Med. 
Rec,  April  9,  1904,  pp.  580-581). 

DISCUSSION 

Dr.  W.  S.  Newcomet.  When  I  was  called 
upon  to  discuss  this  paper  I  hardly  knew 
at  what  angle  it  would  be  taken  up.  It 
appeared  to  me  at  first  thought,  that  about 
1906,  most  papers  on  this  subject  were  either 
so  scientific  that  most  of  us  could  not  under- 
stand them,  or  else  they  were  ordinary  news- 
paper articles.  However,  some  interesting 
articles  were  published.  In  •  1903  Hemmer 
called  attention  to  the  fact  that  Professor 
Curie  had  recognized  Colorado  was  rich  in  ra- 
dium. He  also,  on  page  20,  gives  this  rather  re- 
markable statement,  that  a  French  Company 
expected  to  produce  nearly  pure  radium  at 
$6,000  a  gram!  That  is  one  fact  that  his  not 
materialized,  and  there  evidently  was  some 
slight  miscalculation.  It  seems  strange,  too, 
that  books  published  to  1906  on  .^--rays  had 
several  pages  devoted  to  radium  and  the  use 
of  emanation  as  an  inhalation  for  the  cure  of 
tuberculosis. 

It  is  also  interesting  to  see  how  conditions 
have  changed,  in  the  names  which  were 
adopted  for  the  various  applicators.  If  we  re- 
view the  early  work  of  Abbe  and  Williams  we 
find  many  of  their  suggestions  are  being  used  at 
the  present  time.  In  1905  we  find  that  Abbe  re- 
ported his  work  on  goiter.  Dr.  Williams,  many 
of  us  remember,  was  one  of  the  first  to  give 
us  something  of  value.  The  American  physic- 
ians had  many  other  early  works  in  this  field 
which  certainly  have  added  credit  to  the  whole 
profession. 


PRELIMINARY  REPORT  ON  A  NEW  TUBE  FOR 
PRODUCING  DUODENAL  BLOCK 

By  ROSCOE  G.  VAN  NUYS,  m.d. 

OAKLAND,  CALIFORNIA 

IN  gastrointestinal  work  it  has  often  oc- 
curred to  me  that  it  was  easier  to  diag- 
nose pathology  in  the  stomach  than  in  the 
duodenum,  for  the  reason  that  the  pylorus 
blocks  for  a  time  the  passage  of  the  opaque 
medium  from  the  stomach.  In  the  duodenum, 
on  the  other  hand,  there  is  nothing  to  block 
the  barium  suspension  while  the  contour  is 
being  visualized. 

I  expressed  this  dissatisfaction  to  one  of 
my  surgical  colleagues.  Dr.  Dexter  M.  Rich- 
ards, and  he  suggested  making  an  artificial 
block.  This  I  set  out  to  accomplish.  At  first 
we  used  an  ordinary  Rehfuss  tube  about 
which  we  had  securely  tied  a  tip  of  a  finger 
cot.  This  was  allowed  to  enter  the  duodenum 
in  the  usual  way.  A  barium  meal  was  then 
given  by  having  the  patient  swallow  the  mix- 
ture. A  Leur  syringe  was  then  attached  and 
a  barrel  of  air  was  injected  which  distended 
the  finger  cot.  Under  the  fluoroscope  the  bar- 
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ium  could  then  be  expressed  by  digital  pres- 
sure from  the  stomach  and  the  duodenum 
filled  proximal  to  the  distended  finger  cot. 
This  we  felt  would  be  of  distinct  value  in  the 
diagnosis  of  duodenal  ulcer,  diverticulum, 
dilated  duodenum,  adhesion,  etc. 

I  felt,  however,  that  a  more  useful  tube 
might  be  devised.  The  principle  of  it  is  a 
tube  within  a  tube.  In  other  words,  air  can 
be  pumped  by  a  rubber  bulb  through  a  very 
fine  tubing  into  the  rubber  tip  and  retained 
there  by  turning  a  three-way-cock.  Behind 
this  distended  finger  cot  the  larger  outer  tube 
terminates  in  holes  through  which  the  bar- 
ium suspension  can  be  forced  by  a  large 
syringe,  as  can  readily  be  seen  in  the  follow- 
ing diagram. 

We  used  the  tube  on  several  normals  first 
of  all  and  later  on  a  few  pathological  cases. 
The  number  of  these  should  be  increased  be- 
fore reporting. 

In  the  normal  we  find  some  incompetence 
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of  the  pylorus;  some  of  the  barium  runs 
back  into  the  stomach.  With  the  fluoroscope 
in  a  thin  individual  it  is  interesting  to  watch 
the  peristalsis  of  the  duodenum  outlined  by 
the  barium  in  the  folds  of  the  rugae  against 
the  bag  of  roentgenolucent  air. 

We  also  noted  that  in  one  case  where  we 
had  distended  the  block  a  little  more  than 
usual,  the  patient,  a  nurse,  complained  of 
a  heavy  feeling  which  persisted  for  twen- 
ty-four hours.  After  removing  the  tube  from 
this  same  patient  we  noted  with  the  fluoro- 
scope that  the  bowel  seemed  less  active  in 
passing  the  barium  along.  The  advantages 
that  we  hope  to  realize  are: 

1.  Better  filling  of  the  duodenum  for  the 
purpose  of  diagnosing  ulcer,  diverticulum, 
adhesions,  tumor  masses,  etc. 

2.  Combination   of   gastric   analysis   and 


duodenal  analysis  with  the  roentgen  exam- 
ination so  that  a  tube  will  have  to  be  swal- 
lowed only  once. 

3.  Examination  of  the  duodenum  through- 
out the  entire  length  without  the  disadvant- 
age of  having  the  third  portion  covered  by 
the  shadow  of  the  barium-filled  stomach. 

4.  Magnesium  sulphate,  or  other  thera-    I 
peutic  and  diagnostic  agents,  may  be  more  ef- 
fectively administered  and  retained  in  place. 

5.  While  yet  in  the  stomach  a  little  air  in 
the  tip  causes  it  to  float  to  the  surface  if 
there  is  any  hypersecretion.  This  quickly 
gives  the  level  of  the  fluid. 

6.  The  tube  as  constructed  has  a  smaller 
tip  than  the  Rehfuss  or  other  duodenal  tubes, 
and  can  be  more  readily  pressed  through 
the  pylorus  by  digital  pressure  guided  by 
the  fluoroscope. 


A  SIMPLE  DEVICE  TO  PREVENT  THE  OMISSION  OF  FILTERS 
IN  DEEP  ROENTGEN  THERAPY* 

By  GEORGE  E.  PFAHLER,  M.D. 

PHILADELPHIA,  PENNSYLVANIA 


AS  the  thickness  and  density  of  filters 
are  increased,  and  with  the  increase  in 
the  potential  energy  used  in  deep  roentgeno- 
therapy, the  dangers  incident  to  the  omission 
of  the  filter  have  correspondingly  increased. 
No  arguments  will  be  needed  to  indicate  the 
dangers  of  such  omission.  Ultimately  we 
shall  probably  utilize  separate  outfits  for 
deep  roentgenotherapy  distinctive  from 
those  used  for  superficial  therapy,  but  com- 
paratively few  laboratories  have  reached  a 
stage  in  which  this  is  practical;  and  until 
that  stage  is  reached  corresponding  caution 
must  be  used. 

A  simple  device  toward  this  end,  though 
still  not  foolproof,  consists  in  the  attach- 
ment of  a  piece  of  red  silk  ribbon  to  the 
edge  of  the  opening  in  the  tube  holder  or 
shield,  and  above  the  point  of  insertion  of 


the  filters.  This  should  be  of  sufficient  length 
to  permit  it  to  drop  through  the  opening  pro- 
vided no  filter  is  in  place  to  hold  it  up.  The 
ribbon  can  be  weighted  by  a  small  piece  of 
aluminum  or  asbestos  which  will  force  it  to 
drop  quickly  if  not  held  up  by  the  filter. 

This  same  device  can- be  used  to  indicate 
the  omission  of  subsequent  filters.  For  in- 
stance: if  one  at  times  uses  2  mm.  of  filter 
and  at  others  6,  the  2  mm.  filter  can  have  at- 
tached to  its  bottom  a  green  ribbon  in  like 
manner,  so  that  when  the  subsequent  and 
additional  4  mm.  of  aluminum  are  not  in- 
serted, the  green  ribbon  will  hang  downward 
and  indicate  that  only  2  mm.  are  in  place. 
Since  all  of  us  keep  our  eyes  on  the  patient 
and  the  tube  outfit  during  the  exposure,  only 
a  second  or  two  could  pass  before  this  signal 
would  be  noticed. 


Read  at  the  Twenty-Second  Annual  Meeting  of  The  American    Koentgen   Ray   Society,  Washington,  D.C,   Sept.  27-30,  1921. 
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RADIODERMATITIS 

There  is  probably  no  subject  of  greater 
interest  and  importance  to  the  roentgenolo- 
gists today  than  that  of  radiodermatitis. 
More  and  more  actual,  supposed  or  alleged 
cases  of  radiodermatitis  are  developing 
throughout  the  country.  For  the  sake  of  the 
advancement  of  our  science,  for  the  protec- 
tion of  the  roentgenologists,  and  for  the 
good  of  the  public,  it  is  most  important  that 
every  possible  precaution  be  taken  to  prevent 
this  condition.  We  should  also  prevent  the 
patients  and  their  friends  from  assuming 
that  any  unfortunate  result,  of  whatever  na- 
ture, that  develops  in  the  course  of  treatment 
or  examination  of  a  patient,  is  due  to  the  ap- 
plication of  the  rays. 

Toward  this  end  it  is  clearly  our  duty  to 
use  every  possible  precaution  against  the 
production  of  any  dermatitis,  excepting 
where  it  is  definitely  indicated.  Likewise  a 
careful  study  should  be  made  of  the  prin- 
ciples governing  roentgenization,  namely  the 
careful  measurement  of  time  by  a  timing- 
clock,  the  careful  measurement  of  distance 
by  a  rule  or  some  other  definite  measuring 
instrument,  without  guessing  at  the  distance. 
We  must  bear  in  mind  that  the  rays  decrease 
in  intensity  proportionate  to  the  square  of 
the  distance  and  increase  according  to  the 
square  of  the  distance  when  the  focal  skin 
distance  is  decreased.  The  radiation  value  in- 
creases approximately  according  to  the 
square  of  the  voltage.  Further  we  should  be 
most  careful  as  to  the  milliampereage  and 
filtration,  and  be  sure  that  we  are  actually 
using  what  is  intended.  It  is  most  important 
that  detailed  and  complete  records  be  kept  of 
what  is  done. 


Any  device  that  can  be  developed  which 
will  help  to  prevent  the  omission  of  a  filter 
in  therapeutics  will  be  useful.  The  danger- 
ribbon  previously  described  is  one  step  in 
this  direction.  The  electrical  device  shown  by 
one  of  the  exhibitors  is  another.  The  de- 
vices described  by  Driessen^  and  by  Holz- 
knecht"  are  further  steps  in  the  proper  di- 
rection. Careful  attention  given  to  the  pa- 
tients to  prevent  the  application  of  any  irri- 
tants to  the  skin  following  roentgenization 
will  go  far  towards  eliminating  some  of  the 
disagreeable  experiences  that  all  roentgenolo- 
gists have.  . 

Next  it  is  very  important  that  the  term 
".r-ray  burn"  be  eliminated  from  our  vocab- 
ulary. It  is  incorrect.  It  is  in  no  sense  a 
burn.  There  is  no  heat  applied,  and  the 
sooner  we  cease  the  use  of  this  word  the  bet- 
ter it  will  be  for  both  patients  and  operators. 
Therefore,  one  should  never  speak  to  a  pa- 
tient or  to  any  of  his  friends,  or  even  to 
other  roentgenologists,  of  a  "burn"  or  refer 
to  any  irritation  of  the  skin  as  a  "burn."  The 
practicioners  of  medicine  should  be  discour- 
aged from  referring  to  any  irritation  of  the 
skin  that  develops  in  the  course  of  the  ex- 
amination or  treatment  as  a  "burn,"  no  mat- 
ter how  mild  or  how  unimportant.  It  is  prac- 
tically impossible,  without  the  history  of  ex- 
posure to  roentgenization  and  without  the 
elimination  of  other  causes,  to  state  that  the 
irritation  of  the  skin  is  due  to  roentgeniza- 
tion, no  matter  in  what  stage  it  is  found,  and 
in  all  other  instances  other  possibilities 
should  be  considered  by  the  consultants. 

iDriessen.  Zentralbl.  f.  Gyndk.,  October  30,  1920, 
xliv,  1258. 

^Holzknecht.  Munch,  med.  Wchnschr.,  February  20, 
1920,  213. 
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Finally,  the  expert  roentgenologist,  for 
the  good  of  roentgenologists  and  for  the 
good  of  patients  in  general,  should  be  most 
cautious  about  drawing  conclusions  as  to  ne- 
glect or  incompetence,  for  great  harm  can  be 
done  to  the  progress  of  the  science  by  the 
multiplication  of  lawsuits.  Great  injustice 
can  be  done  to  the  roentgenologist  who  is 
falsely  accused,  for  even  though  he  is  proven 
innocent  he  is  put  through  a  nervous  strain 
and  to  the  expenditure  of  time  and  money 
for  which  there  is  no  recompense,  and  ulti- 
mately the  very  evidence  that  the  expert 
uses  he  may  find  standing  against  him  when 
some  patient  of  his  has  had  an  unfortunate 
end  result,  even  though  this  is  no  fault  of 
the  roentgenologist  himself. 

G.  T.  Pfahler 


PRELIMINARY  PROGRAM  OF  MID- 
WINTER MEETING  EASTERN 
SECTION  A.  R.  R.  S. 

Thursday,  Jan.  26,  8:15  p.m. 

Address:  Joseph  A.  Blake,  M.D.,  New  York. 
Tumors  of  the  Chest.  L.  Jaches,  M.D.  and  H. 

Wessler,  M.D.,  New  York. 
A  Review  of  the  X-Ray  Diagnosis  of  Lesions 

of  the  Esophagus.  Wm.  H.  Stewart,  M.D., 

New  York. 
Standardization    of    X-Ray    Reports.    P.    M. 

Hickey,  M.D.,  Detroit. 

FRIDAY,  9  A.M. 

A  Preliminary  Report  on  some  Experimental 
Work  with  Therapy  of  the  Tonsils  and  Ade- 
noids. C.  A.  Waters,  M.D.,  and  S.  Crowe, 
M.D.,  Baltimore. 

Injection  of  Normal  and  Obstructed  Tear 
Sacs.  H.  P.  Doub,  M.D.,  Detroit. 

Congenital  Syphilis  as  shown  in  X-Ray  Plates. 
R.  N.  Pierson,  M.D.,  New  York. 

A  Discussion  of  Abnormalities  in  the  Sella 
Turcica.  Walter  Timme,  M.D.,  New  York. 

The  Report  of  the  Committee  of  Safety  on 
Electrical  Dangers.  Prof.  John  S.  Shearer, 
Chairman,  Ithaca,  N.  Y. 

Friday,  2  p.m. 

The  Interpretation  of  Bone  Plates;  The  Dif- 
ferential Diagnosis  of  Tuberculosis,  Syph- 
ilis and  Osteomyelitis.  Robert  W.  Lovett, 
M.D.,  Boston. 


Abnormal  Pulmonary  Densities  as  an  Aid  in 
the  Prognosis  of  Pulmonary  Tuberculosis. 
Kennon  Dunham,  M.D.,  Cincinnati. 

Foreign  Bodies  in  the  Esophagus.  Willis  F. 
Manges,  M.D.,  Philadelphia. 

Symposium  on  Education 

Graduate  Teaching.  G.  W.  Holmes,  M.D., 
Boston;  L.  Jaches,  M.D.,  New  York; 
Prof.  J.  S.  Shearer,  Ithaca,  N.  Y. 
Undergraduate  Teaching.  Frederick  H. 
Baetjer,  M.D.,  Baltimore,  and  Henry  K. 
Pancoast,  M.D.,  Philadelphia. 

Friday,  8:15  p.m. 

Address:  Lewellys  F.  Barker,  M.D,,  Balti- 
more. 

The  Annual  Exhibit  of  Lantern  Slides.  [Those 
desiring  to  show  slides  should  notify  either 
the  President  or  the  Secretary  of  the 
Section.] 

SATURDAY,  9  A.  M, 

Some  High  Voltage  Problems.  Frank  Rieber, 

San  Francisco. 
The  Organization  of  a  Therapeutic  Depart- 
ment. Harvey  Gaylord,  M.D.,  Buffalo. 
A  Resume  of  the  Physical  Factors  Concerned 

in  Deep  Therapy.   Prof.  John  S.  Shearer, 

Ithaca,  N.  Y. 
Title  to  be  Announced.   Prof.  Wm.   Duane, 

Boston. 
Biological    Dosage.    Francis    Carter    Wood, 

M.D.,  New  York. 
Topic  to  be  Announced.  Curtis  F.  Burnham, 

M.  D.,  Baltimore. 
Topic  to  be  Announced.  James  T.  Case,  M.D., 

Battle  Creek. 

Saturday,  2  p.m. 

Business  Session. 

A    Practical    Demonstration    of    Treatment 

Methods: 
Therapy  of  Brain  Tumors.  Henry  K.  Pancoast, 

M.D.,  Philadelphia. 
Therapy  of  the  Thyroid  Gland.  G.  W.  Holmes, 

M.D.,  Boston. 
Therapy  of  the  Mammary  Glands.  George  E. 

Pfahler,  M.D.,  Philadelphia. 
Therapy  of  the  Tonsils  and  Adenoids.  W.  D. 

Witherbee,  M.D.,  New  York. 

Saturday,  8  p.m. 
Dinner  ;  Dance. 

Complete  programs  will  be  sent  to  members 
of  the  American  Roentgen  Ray  Society,  and  to 
others  upon  request. 
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CORRESPONDENCE 

226  Michigan  Street,  Toledo,  Ohio. 

To  the  Editor: 

During  my  absence  in  Europe  there  was 
sent  to  my  office  a  number  of  copies  of  the 
old  American  Quarterly  of  Roentgenology. 
These  were  opened  and  the  wrapper  mislaid, 
so  I  was  unable  to  trace  the  donor  and  con- 
sequently cannot  acknowledge  receipt  of 
these  valuable  copies.  Volume  i  of  the 
Quarterly  is  especially  valuable.  I  trust  that 
the  sender  will  communicate  with  me  so  that 
I  may  make  proper  acknowledgment. 

H.  W.  Dachtler 
Librarian. 

To  the  Editor: 

I  beg  to  report  herewith  the  proceedings 
of  the  Second  Annual  Meeting  of  the  Can- 
adian Radiological  Society,  which  was  held 
in  conjunction  with  the  Ontario  Radiologi- 
cal Society  at  Niagara  Falls,  from  May  31st 
to  June  2nd,  after  which  we  adjourned  and 
went  to  Boston,  where  the  meeting  was  re- 
convened with  the  North  American  Radio- 
logical Society  meeting  on  the  3rd  and  4th 
of  June. 

The  attendance  at  the  meeting  was  far  in 
excess  of  our  most  sanguine  expectations. 
The  program,  which  was  contributed  to 
mainly  by  members  of  our  own  Society,  also 
included  valuable  contributions  from  Dr.  A. 
E.  Barclay,  Manchester;  Drs.  John  Remer 
and  Wm.  H.  Stewart,  New  York  City ;  Dr. 
P.  M.  Hickey,  Detroit;  Dr.  G.  C.  Suther- 
land, Mayo  Clinic,  and  Professor  J.  S. 
Shearer  of  Cornell  University. 

The  various  officers  elect  for  the  coming 
year  are:  President,  Dr.  G.  E.  Richards, 
Toronto;  Vice  Presidents:  L.  J.  Carter, 
Brandon  (First)  ;  W.  A.  Wilkins,  Montreal 
(Second),  and  Dr.  C.  W.  Prowd,  Vancou- 
ver (Third).  The  Executive  Committee  is 
composed  of  the  retiring  President,  Dr.  A. 
H.  Pirie,  Montreal  (Chairman)  ;  Dr.  L.  T. 
Pariseau,  Montreal,  and  Dr.  L.  K.  Poyntz, 
Victoria,  with  Dr.  Poyntz  also  re-elected 
Secretary-Treasurer. 

One  of  the  features  of  the  meeting  was  the 
decision  of  the  Society  to  provide  some 
method  of  recognizing  qualified  ethical  lay 
technicians,  the  details  to  be  worked  out  by 


the  Executive  Committee,  but  it  was  sug- 
gested that  they  should  be  required  to  pass 
an  examination  and  be  given  annual  registra- 
tion. When  the  detailed  plan  has  been  com- 
pleted we  shall  be  pleased  to  forward  you  a 
copy. 

The  members  of  the  Society  greatly  ap- 
preciate the  attendance  at  their  meeting  of 
some  of  the  members  of  the  American 
Roentgen  Ray  Society,  and  wish  to  give  here 
a  formal  expression  of  their  thanks,  and  to 
hope  that  the  meetings  in  future  will  be  hon- 
ored by  a  larger  representation  from  the  A. 
R.  R.  S. 

L.  K.  Poyntz 
Secretary-Treasurer. 


10  Newton  Place 
Glasgow, 
October  i,  1921. 
To  the  Editor: 

In  the  August  number  of  your  most  ex- 
cellent Journal,  which  I  read  regularly  with 
much  profit  and  pleasure,  there  appeared  an 
interesting  article  by  Drs.  J.  M.  and  C.  L. 
Martin  on  "Roentgen  Ray  Treatment  of 
Acne  Vulgaris."  There  are  certain  points 
raised  in  the  paper  to  which  I  should  like  to 
call  attention. 

First  the  writers  "abandoned  the  use  of 
the  coil."  While  not  expressly  stating  that  an 
accurate  technique  "by  which  therapeutic  re- 
sults may  be  repeated  over  and  over  again"  is 
impossible  with  the  coil,  it  is  clearly  im~ 
plied.  Here  I  am  afraid  the  authors  have 
"tramped  on  my  corns."  I  like  the  coil.  I  ami 
satisfied  that  it  is  quite  as  good  as  the  rotary 
transformer  for  treatment  with  rays  of  the 
hardness  described,  and  I  think  it  is  superior 
to  the  transformer  when  hard  rays  are  to  be 
used.  The  coil  will  serve  a  Coolidge  tube 
quite  satisfactorily,  and  permit  of  results  be- 
ing exactly  repeated,  and  for  years  my  dos- 
age has  been  measured  by  time.  The  time  is 
occasionally  checked  by  the  pastille.  The  au- 
thors must  not  condemn  the  coil  because  of 
the  vagaries  of  a  gas  tube  or  faulty  milli- 
amperemeters. 

With  regard  to  Hampson's,  Holzknecht'-;^ 
and  Sabouraud's  meters  for  rays  of  medium 
hardness — those  in  question — I  have  for.nd 
them  all  fairly  accurate.  They  are  not  ideals 
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but  from  the  practical  point  of  view  they  are 
reliable.  I  would  not  attempt  a  temporary 
epilation  (ringworm)  without  using  one  of 
them.  The  authors  use  the  "physiological 
dose"  method  as  elaborated  by  Wintz  of  Er- 
langen.  Wintz,  however,  had  to  deal  with 
rays  of  an  entirely  different  quality,  having  a 
hardness  corresponding  to  a  i6  inch  equiva- 
lent spark  more  than  threee  times  the  length, 
and  filtered  through  a  screen  more  than 
twenty  times  the  density  of  that  here  used. 
These  pastille  tests  are  not  intended  for  rays 
of  that  quality. 

The  second  point  I  would  like  to  raise,  is 
the  actual  dose  prescribed.  In  the  conditions 
given  five  minutes  "will  produce  a  mild  de- 
gree of  reaction."  The  phrase,  I  suppose. 
will  be  generally  understood  to  mean  a  dose 
equal  to  5  /f  or  Sabouraud's  tint  B.  This 
may  not  be  the  author's  meaning,  but  I  think 
I  am  right  in  assuming  that  it  will  be  so 
understood  in  general. 

Taking  then  their  smallest  dose — viz., 
three  minutes,  in  a  fortnight  the  patient 
will  have  received  at  least  9/5  or  nearly 
twice  the  erythema  dose,  and  he  might  have 
got  three  erythema  doses.  I  would  not  repeat 
one  erythema  dose  under  a  month ;  and  in 
the  aboye  circumstances  I  would  expect 
burns  followed  by  late  untoward  results, 
such  as  telangiectasis. 

Lastly,  let  me  say  that  to  the  authors  are 
due  our  thanks  for  calling  attention  to  the 
fact  that  milliamperemeters  require  periodic 
checking,  a  fact  very  easily  lost  sight  of. 

James  R.  Riddle 


To  the  Editor: 

It  gives  us  great  pleasure  to  receive  the 
above  letter  which  comes  from  a  distant 
land  in  a  spirit  of  friendly  censure.  We  have 
expected  similar  criticism  from  the  roentgen- 
ologists of  our  own  country,  since  we  real- 
ize that  our  technique  is  more  radical  than 
that  now  generally  accepted. 

As  to  the  use  of  the  coil,  the  writer  ad- 
mits that  nothing  definitely  derogatory  was 
said  in  our  article  concerning  this  piece  of 
apparatus.  The  senior  member  of  our  finii 
operated  four  coils  with  gas  tubes  for  many 
years  with  satisfactory  results.  We  did  im- 
ply, however,  that  the  rays  from  the  gas  tube 
energized  by  a  coil  was  a  variable  quantity. 


and  it  was  for  this  reason  that  the  American 
roentgenologists  have,  for  the  most  part, 
changed  over  to  the  Coolidge  tube  energized 
by  the  transformer.  Since  the  modern  trans- 
former with  its  rectifying  switch  sends  a 
pulsating  direct  current  through  the  tube 
and  since  it  does  away  with  the  variations  so 
likely  to  occur  in  the  interrupter  and  in  the 
resistance  coil  control,  we  feel  that  it  is  pref- 
erable for  therapeutic  work,  especially  when 
equipped  with  a  current  stabilizer. 

As  to  measuring  devices,  it  is  our  feeling 
that  there  is  no  measuring  apparatus  quite  so 
accurate  as  the  human  skin,  and  even  that 
structure  is  subject  to  variations  within 
limits.  Our  dose  calculations  are  based  on 
the  work  of  Witherbee  and  Remer,  rather 
than  on  that  of  Wintz  of  Erlangen.  We 
would  like  to  call  attention  to  the  fact  that 
the  work  of  these  experimenters  was  done 
with  the  American-made  transformer  and  a 
Coolidge  tube  and  that  the  voltage  and  filters 
used  were  those  noted  in  our  article.  The 
unit  used  in  this  work  is  called  a  skin  unit, 
which  represents  a  dose  just  large  enough 
to  produce  alopecia.  Acording  to  the  formu- 
lae worked  out  for  yi  mm,  of  aluminum 
filter 

MA  X  Sp.  gap  X  time        99  ,  . 
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If  our  factors  are  substituted  here,  the  time 
needed  for  one  skin  unit  is,  in  round  num- 
bers, two  minutes.  Now,  according  to  the  ob- 
servations of  Witherbee  and  Remer  pub- 
lished in  the  October,  1920,  issue  of  The 
American  Journal  of  Roentgenology, 
doubling  the  time  with  the  filtration  and  fac- 
tors that  we  use  increases  the  dose  by  34* 
Therefore,  with  a  four  minute  exposure,  we 
would  obtain  i-^  skin  units,  which  produces 
a  mild  erythema  as  illustrated  by  a  photo- 
graph in  the  article  just  mentioned.  A  five 
minute  exposure  represents  i-^  skin  units 
and  some  advanced  cases  of  acne  vulgaris  do 
not  show  an  erythema  even  after  the  use  of 
this  dose.  A  heavy  piece  of  sole  leather  is 
placed  beneath  the  ^  mm.  of  aluminum,  and 
this  probably  reduces  the  skin  effect  by  a 
small  amount. 

The  advisability  of  repeating  the  doses 
mentioned  in  one  week  is  also  questioned. 
According  to  the  work  of  Kingery  published 
in  the  Archives  of  Dermatology  and  Syph- 
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ilis  (1920),  the  residual  effect  at  the  end  of 
seven  days  is  about  20  per  cent  or  1/5  of 
the  original  dose.  Now  if  i-yl  skin  units  be 
added  at  this  time  the  total  amounts  to  about 
1-9/20  skin  units,  which  produces  a  definite 
erythema,  but  no  vesiculation  in  the  average 
skin. 

Another  factor  that  should  be  mentioned, 
is  the  size  of  the  port  of  entry.  Our  work 
has  been  done  with  cones  of  moderate  size. 
Larger  doses  can  be  given  through  small 
cones  than  through  large  ones  in  producing 
the  same  skin  effect. 

Summing  up,  we  merely  attempt  to  pro- 
duce a  mild  erythema,  which  later  gives  place 
to  a  moderate  tan  and  finally  disappears.  We 
feel  that  various  skins  require  a  rather  wide 
variety  of  doses  to  produce  this  effect.  The 
immediate  results  of  this  treatment  seem 
superior  to  those  obtained  with  long-con- 
tinued fractional  doses.  One  case  of  acne 
given  an  erythema  dose  just  short  of  vesicu- 
lation twelve  years  ago,  showed  no  untoward 
skin  reaction  when  last  seen  one  year  ago.  In 
examining  our  cases  of  skin  malignancy 
which  have  been  cured  for  five,  six  or  seven 
years,  we  usually  find  the  skin  at  the  site  of 
the  lesions  smooth  and  soft,  though  some- 
times atrophic.  Occasionally,  telangiectases 
are  observed.  These  patients  received  three 
or  more  skin  units  several  years  ago  and 
rather   marked    reactions    appeared    at   the 


time  of  treatment.  The  erythema  produced 
in  treating  acne  is  of  a  much  less  degree 
than  that  produced  in  these  cases.  The  re- 
actions which  appear  as  a  result  of  the  treat- 
ment are  readily  taken  care  of  by  the  applica- 
tion of  a  mixture  commonly  called  white- 
wash in  this  country.  The  formula  for  this 
mixture  was  obtained  from  the  Massa- 
chusetts General  Hospital  and  is  given  be- 
low: 

Oxide  of  zinc dr.  iv 

Glycerine dr.  ii 

Phenol dr.  i 

Aq.  Calcis.  qs.  add oz.  vi 

This  wash  seems  to  reduce  the  reaction  to  a 
minimum.    We   are  not   entirely  convinced 
that  serious  later  effects  will  follow  the  ery- 
thema dose  when  given  in  this  manner. 
J.  M.  and  C.  L.  Martin 

A   CORRECTION 

The  paper  entitled  "Developmental  Rests 
in  the  Cecum  and  Ascending  Colon  and 
their  Roentgen  Ray  Diagnosis,"  by  Dr.  R.  A. 
Payne  and  Mr.  F.  C.  Trahar,  published  in 
the  November  Journal,  was  read  at  the 
joint  meeting  of  the  Pacific  Coast  and  the 
Western  Section  of  the  American  Roentgen 
Ray  Society,  and  not  as  stated. 


Subscribers  to  The  American  Journal  of  Roentgenology  visitiy^g  T^ew  Tork  City,  are  iiv 
vited  to  mo.]^  the  office  of  The  Journal  (69  East  '^gth  Street,  J<lew  Tor]()  their  headquarters.  Mail, 
pac\ages  or  baggage  may  be  addressed  in  our  care.  Hotel  reservations  will  gladly  be  made  for  those 
advising  us  in  advance;  in  this  case,  \indly  notify  us  in  detail  as  to  requirements  and  prices.  List  of 
operations  in  ?^ew  Tor\  hospitals  on  file  in  our  office  daily. 
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Die  Roentgendiagnostik  der  Inneren 
Krankheiten.  By  Herbert  Assmann,  M.D. 
Pages  693 ;  613  illustrations  in  the  text  and 
20  tables.  F.  C.  W.  Vogel,  Leipzig,  1921. 

Conservatism  runs  through  all  the  pages  of 
Assman's  book.  This  perhaps  is  due  not  only  to 
racial  objective  habits  of  thought,  but  also  to 
the  author's  particular  medical  environment. 
Under  the  dominance  of  Striimpell  at  the  Leip- 
zig Medical  Clinic,  roentgen  diagnosis  is  not 
regarded  as  an  independent  specialty,  but  as 
one  of  many  clinical  methods,  all  of  which 
must  be  taken  together  to  solve  diagnostic 
problems.  Accordingly  the  author's  experiences 
here  presented  have  been  constantly  compared 
and  associated  with  all  other  processes  of  ex- 
amination. Emphasis  is  laid  upon  the  value  of 
operative  and  necroptic  control.  We  would 
have  his  proofs  beyond  cavil.  "For,"  as  he 
states  in  the  preface,  "I  am  of  the  opinion  that 
by  premature  conclusions  from  or  overvalua- 
tion of  roentgen  signs  the  method  will  only  be 
prejudiced.  I  regard  it  as  extraordinarily  im- 
portant that  the  roentgen  examiner  shall  un- 
derstand not  only  the  possibilities  of  the 
method  but  also  its  limitations."  Yet  the  author 
is  not  totally  lacking  in  enthusiasm;  it  is 
merely  restrained  by  his  abiding  regard  for 
the  truth.  His  interest  is  keen,  his  faith  in  the 
proven  facts  of  roentgenology  is  confident,  and 
this  book  of  nearly  7chd  pages  attests  his  re- 
spect for  the  .ar-ray. 

The  table  of  contents  includes  the  circula- 
tory system,  mediastinum,  respiratory  organs, 
digestive  tract,  abdominal  organs,  urinary  sys- 
tem, nervous  system,  bones  and  joints,  mus- 
cles, .tendons,  subcutaneous  tissues. 

To  the  heart  and  blood-vessels  133  pages  are 
devoted.  Methods  of  orthodiagraphy  are  fully 
set  forth,  together  with  tabulated  standards, 
and  the  roentgen  appearance  of  the  circulatory 
apparatus  both  in  health  and  disease  are  dis- 
cussed ill  exienso. 

His  presen'ation  of  the  more  common  res- 
piratory diseases  is  admirably  simple  and  clear. 
It  is  of  interest  to  note  that  he  takes  issue  with 
Rieder  and  Stiirtz,  who  have  many  disciples, 
in  their  belief  that  pulmonary  tuberculosis  in 
adults  commonly  proceeds  from  the  hilus  to- 
ward   the    periphery    retrogradely    along   the 


lymph  channels,  and  that  exaggeration  of  the 
upper  lung  markings  is  an  important  sign  of 
early  tuberculosis.  Assmann  holds  rather  with 
the  school  which  attributes  greater  diagnostic 
value  to  mottling  than  to  striations. 

Regarding  the  diagnosis  of  pulmonary  tuber- 
culosis in  general  he  says :  "The  great  necessity 
is  a  knowledge  of  the  underlying  pathology. 
For  accurate  diagnosis  great  experience  is  re- 
quired, not  alone  from  many  roentgenological 
examinations,  but  also  by  constant  comparison 
with  the  clinical,  and  especially  the  necroptic, 
findings.  This  requirement  cannot  be  empha- 
sized sharply  enough  in  view  of  the  alacri^'y 
with  which  the  roentgen  diagnosis,  for  ex- 
ample, of  'tuberculous  hilar  glands'  and  'peri- 
bronchial strands'  is  made  in  inexperienced 
quarters  in  cases  that  are  not  normal  or  at 
least  not  tuberculous.  Illustrations  have  been 
published,  stated  to  be  characteristic  for  tu- 
berculosis, in  which,  despite  the  most  thorough 
examination,  I  could  not  discover  the  slightest 
changes." 

Pulmonary  tumors  are  dealt  with  rather 
briefly,  and  a  wider  review  of  the  literature 
would  have  enhanced  the  value  of  this  chap- 
ter. 

The  roentgenology  of  the  gastrointestinal 
tract  is  covered  quite  thoroughly  with  247 
pages  of  text  and  illustration.  As  is  usual  with 
continental  writers,  indirect  signs"  of  disease 
are  given  prominence,  but  in  some  sections, 
notably  that  on  duodenal  ulcer,  Assmann 
stresses  the  direct  signs  in  almost  the  Amer- 
ican manner,  and  gives  due  credit  to  Cole. 

The  chapter  on  the  roentgenological  signs 
of  disease  of  the  nervous  system  is  limited  in 
the  main,  of  course,  to  the  trophic  changes  ob- 
served in  the  osseous  system.  Various  patho- 
logical conditions  of  the  bones  and  joints 
proper  are  described  succintly,  but  with  some 
beautiful  roentgenograms.  His  discussion  of  the 
urinary  system  is  disappointingly  brief. 

A  striking  feature  of  the  book  is  the  excel- 
lence of  the  paper  and  the  clarity  of  the  il- 
lustrations. Coming  as  it  does  from  a  land  that 
is  surely  less  prosperous  than  our  own,  the 
typographical  qualities  of  the  book  might  well 
be  brought  to  the  attention  of  American  pub- 
lishers. 

R.  D.  Carman 
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